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Foreword
The Twenty Sixth Annual Research Review describes the ongoing research programme in the
School of Biosystems and Food Engineering at University College Dublin over the academic year
2020/21, from the collective research body within the school comprising our academic staff,
technical staff, research staff and our early stage researchers totalling over 130 researchers (15
academic staff, 1 technician, 15 postdoctoral researchers and over 100 post-graduates).
A copy of this book is available to download from the UCD Research Repository at: http://
researchrepository.ucd.ie.
The research programme covers two main focal areas: Food and Process Engineering as well as
Energy and the Environment. Each of these areas is divided into sub-themes as indicated in the
Table of Contents, which also includes the name of the research scholar (in bold); the title of the
research and the nature of the research programme.
The review also highlights the award winners for presentational excellence at the 25th Annual
Biosystems and Food Engineering Research Seminar, which was held online in virtual format for
the first time on Thursday 26th April 2021. The awardees for 2021 are listed in the Appendix A.
We would like to recognise the adaptability and resilience of the entire research cohort of the School
during this time, who continued the pursuit of their research and contributed to the success of the
research review within the very challenging and changing circumstances characteristic of this
period.
The Editors gratefully acknowledge the dedicated work of the individual research scholars, their
research supervisors and the financial support of research sponsors that enable this research review.
This review includes short papers prepared from the participants of the School’s Taught Masters
Programmes 20/21 as follows:
ME - Biosystems and Food Engineering https://www.ucd.ie/engineer/engineering/biosystemsfood/
index.html
MEngSc – Food Engineering https://www.ucd.ie/engineer/engineering/biosystemsfood/food.html
MSc – Environmental Technology https://www.ucd.ie/engineer/engineering/biosystemsfood/
environmental.html
MSc – Sustainable Energy and Green Technologies https://www.ucd.ie/engineer/engineering/
biosystemsfood/sustainable.html
PAULA BOURKE and SHARON O’ ROURKE 30th JUNE 2021
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CHARACTERIZING COLD PLASMA EFFECTS ON WHEAT GRAIN
ALLERGENS
Lily Cheung, Paula Bourke
UCD School of Biosystems and Food Engineering, University College Dublin, Belfield, Dublin 4,
Ireland.
Abstract
Cold atmospheric plasma (CAP) is a novel non-thermal technology which has the ability to alter
properties of foods such as the conformation of proteins. In this study, CAP is applied to the wheat
protein gluten which can cause wheat grain allergenicity. CAP was generated using the Relyon
Piezobrush® handheld device and air was the inducer gas, which results in the generation of a diverse
range of reactive oxygen and nitrogen species, UV and ions and electrons. The capability and efficiency
of CAP to influence protein configuration and thus allergenicity was investigated for a number of key
process parameters such as treatment time, distance to sample and surface material.
Introduction
Grains are a major component of the worlds daily diet, making up most of a person’s calorie intake and
for the majority of the world’s population, grain cereals are consumed without any issues arising
(Estrada-Girón et al. 2005). However, for a minority group the ingestion of cereal grains, particularly
wheat, results in an allergenic response which causes a range of unfavourable symptoms such as
gastrointestinal issues, weight loss and anaemia (Estrada-Girón et al. 2005). Food allergies are treated
as a major public health concern due to their growing prevalence (Chizoba Ekezie et al. 2018). For
example, in developed countries they affect 3-4% of adults and ~8% of children (Buck et al. 2010).
Allergic reactions to food occur when a particular food is consumed and it results in an abnormal
immunological response (Chizoba Ekezie et al. 2018). Gliadin is the protein fraction of gluten
responsible for the allergenicity of wheat (Sun et al. 2020).
Antigenic proteins such as gliadins, are glycoproteins containing protein sites called epitopes
(Shriver and Yang, 2011). Epitopes are recognised in the body based on their 3D conformation by the
allergen receptors; thus an epitopes’ configuration is linked to its allergenicity (Chizoba Ekezie et al.
2018). Therefore, a process introducing alterations to a protein structure affects the epitope which in
turn influences the antibody binding ability at the allergen receptor (Chizoba Ekezie et al. 2018).
Food processing is primarily carried out to enhance food safety and extend shelf-life while
retaining the organoleptic qualities, but it can also cause protein structure alterations through chemical
and physical reactions (Ng et al. 2020). Cold atmospheric plasma (CAP) is a food processing technique
that is under investigation to determine its effects on protein configuration and antigenicity (Liu et al.
2021, Sun et al. 2020, Ng et al. 2020). CAP treatment is also recognised for its antimicrobial effects,
which is applied across medical, food and environmental sectors (Meinlschmidt et al. 2016). CAP is a
partially ionised gas which functions at room temperature and at atmospheric pressure (Sun et al. 2020).
Plasma is generated by applying electrical energy to a neutral carrier gas (Gonzalez-Gonzalez et al.
2021). When air acts as the inducer gas it produces a reactive mix such as reactive oxygen and nitrogen
species, electrons, ions, and UV radiation (Sun et al. 2020). These products interact with biomolecules
such as proteins, altering properties of the food (Ng et al. 2020). To-date no studies are reported on the
effect of CAP on the conformation and thus antigenicity of the prevalent food allergen- gluten proteins.
The objective of this study is to examine the effects of cold atmospheric plasma on grain allergen
proteins and observe the effects of process parameters on protein structural profiles to
understand how this may be applied in food processing environments.
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Materials and Methods
Materials
The experimental procedure will be based on a study conducted by Ng et al. (2020). Gluten powder
used will be purchased from Sigma Aldrich, Ireland. For the wheat model, wheat flour was obtained
from an Irish miller. All reagents and chemicals utilised in this study will be of analytical grade and
sourced from Sigma-Aldrich, Ireland, unless stated differently.
Preparation of protein samples
Protein samples will be prepared as described by Ng et al. 2020, and as presented briefly here. Proteins
will be dissolved in 50 mM Tris buffer and made up to a final concentration of 1 mg/ml. Protein
concentrations will be determined before and after treatment and renewal using a Bradford reagent. The
proteins will be renewed if any water loss or precipitation occurs, this will be achieved through dialysis
with additional Tris, this will also neutralise the pH and remove any remaining reactive species.
Cold plasma treatment
A handheld Relyon Piezobrush® device will be used to carry out the cold plasma treatment as shown
in Fig. 1. The device employs direct electric discharge technology resulting in high electric field
strengths; the input voltage of DC power is 15 V with a maximum power consumption of 30 W (Relyon,
2021). This will be an ambient process where atmospheric air will be the gas used to generate the plasma
discharge. The typical ranges for treatment distance and treatment width are 2-10 mm and 5-20 mm,
respectively (Relyon, 2021). The distance from sample is a parameter that will be adjusted in order to
characterise treatment efficiency. Other parameters include the surface material, the treatment duration,
and the sample preparation of proteins in dry and liquid forms. Plasma treatment will be carried out on
protein-fouled stainless steel. Analyses will be performed in duplicate and replicated at least once.
Sample analysis
The pH and temperature of the samples will be measured before and immediately after treatment. The
pH readings will be taken using an Orion pH meter (model 420A, Thermo Electron Corporation, USA)
and the temperature of the samples will be measured using an infrared thermometer (Radionics Ltd.
Dublin, Ireland). Treatment temperatures will be kept below 45°C.
SDS-PAGE analysis will be carried out using hand-cast gels and gel imaging will then be
performed for visible analysis. The antigenicity of the protein samples will be determined using
commercial ELISA kits and the procedures will be carried out as per the manufacturer’s instructions.
Statistical analysis will be carried out using Prism 8.0 (GraphPad Software Inc. La Jolla, USA) and the
results will be further analysed by analysis of variance (ANOVA) employing the Tukey’s honest
significant difference (HSD) criterion at α= 0.05 (Ng et al. 2020). All the tests will be performed in
duplicate, and the averages will then be represented.

Figure 1. Relyon Piezobrush® Cold Plasma device (Relyon, 2021).
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Results and Discussion
Just 8 foods, namely milk, egg, soy, fish, shellfish/crustacean, tree nut, peanut, and wheat are
responsible for an estimated 90% of allergenic reactions caused by food (Shriver and Yang, 2011). The
safest method of preventing a food induced allergic reaction is to avoid consumption of the allergenic
food (Chizoba Ekezie et al. 2018), as currently there is no successful strategy for complete removal of
allergenicity without affecting quality (Meinlschmidt et al. 2016). For example, thermal processing can
alter a proteins’ structure but it can affect allergenicity positively, negatively or not at all (Chizoba
Ekezie et al. 2018). Furthermore, high temperatures or prolonged exposure to heat affects the nutritional
and/or organoleptic qualities of food (Chizoba Ekezie et al. 2018). Gliadins have some thermal stability
due to inter- and intramolecular disulphide bridges stabilising the protein structure (Stănciuc et al.
2018). Exposure to high heat can reduce antigenicity of gluten by approximately 60% due to structural
changes, however, an allergic reaction is still elicited following thermal processing (Rahaman et al.
2016). Therefore, thermal processing is unsuitable for the of elimination of food allergenicity whereas
non-thermal alternatives such as CAP, have shown great potential in this regard (Meinlschmidt et al.
2016).
Ng et al. (2020), investigated the effects of tuneable CAP on the milk allergen proteins casein,
β-lactoglobulin and α-lactalbumin. Direct CAP treatment was effective in diminishing casein and αlactalbumin antigenicity, however, β-lactoglobulin antigenicity was increased (Ng et al. 2020). It was
suggested that protein aggregation and solubility had a role in the reduction of antigenicity as
aggregation renders the epitopes unavailable (Sun et al. 2020). However, the mechanisms through
which antigenicity is altered due to plasma treatment have not yet been fully elucidated (Meinlschmidt
et al. 2016). Liu et al. 2021, applied dielectric barrier discharge (DBD) plasma treatment in an effort to
inactivate the allergenic, protein soybean agglutinin (SBA). ELISA analysis revealed that the activity
of SBA was reduced by 84.31% and this reduction was attributed to the oxidative effect of plasma
reactive species altering the protein and amino acid side chains structure (Liu et al. 2021). Soymilk was
used as a model system with the results mirroring those of SBA, indicating that plasma treatment could
also be used to reduce the allergenicity of the food and not just the allergenic proteins (Liu et al. 2021).
However, a study of the pure proteins is necessary at first, to determine how the epitopes are affected
by treatment to determine whether the technology is applicable to the food or not.
Treatment time has been identified as an important parameter, longer treatment times have
induced greater changes to proteins’ structure and antigenicity (Ng et al. 2020, Liu et al. 2021, Sun et
al. 2020). Increased treatment times enable higher concentrations of reactive species to form and these
reactive species induce protein alterations (Sun et al. 2020). It is established that these plasma reactive
species, particularly the oxidising species, lead to protein modifications, cleavage or cross-linking
which alters the secondary structure and thus antigenicity (Meinlschmidt et al. 2016). Reactive species
will likely influence the results of this novel study on the antigenicity of wheat proteins and wheat
model using a direct electric discharge system, scaleable for industrial application.
Conclusions
This study will represent the application of CAP to identify the effect it has on gluten proteins
configuration and antigenicity. Imaging of SDS-PAGE gels containing the CAP treated proteins and
untreated controls will be analysed to identify changes to band intensity and presence, revealing which
if any protein alterations have occurred, such as changes to native or secondary structures. Different
process parameters such as treatment time and distance, will be applied to determine their influence on
results. Commercial ELISAs will evaluate the effect of treatment on protein antigenicity. Prism
software will enable a visual representation of the results and ANOVA testing will enable statistical
analysis of the results. A wheat model such as flour, will also be used to determine if CAP has product
control potential. In conclusion, this is a preliminary investigation into the effect of CAP on wheat
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allergens and its ability to potentially mitigate allergenicity associated with these thermotolerant
allergenic structures.
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DEVELOPMENT OF A PREDICTION MODEL TO DETERMINE
MILK GEL STRENGTH DURING RENNET-INDUCED MILK
COAGULATION
Tingyu Gong, Colm P. O'Donnell
UCD School of Biosystems and Food Engineering, University College Dublin, Belfield,
Dublin 4, Ireland.
Abstract
Milk coagulation is a critical step in cheese manufacture which influences cheese yield and
quality. To improve the quality characteristics of cheese products, it is vital to monitor and
control milk coagulation kinetics. In this study, a rheological prediction model relating
parameters extracted from NIR and Fluorescence response profiles to milk gel strength will
be developed to predict milk gel strength as measured using a rheometer. Data used for
prediction model development will be acquired from skim milk coagulation experiments
carried out at a range of temperatures (27, 30, and 33 °C) and enzyme addition levels (0.026,
0.052, and 0.150 IMCU/g milk).
Introduction
Milk coagulation is a key processing step in the production of some dairy products, including
cheese and rennet casein. Enzymes, acid treatment, or heat-acid treatment are generally
applied to initiate the coagulation process. Through developing sensors to monitor milk
coagulation kinetics, it is possible to optimise the coagulation process and obtain final
products with better quality and consistency. Coagulation sensors can determine the cutting
time that affects the final cheese yield and cut the coagulum at the optimum gel firmness to
maximise cheese yield and enhance product quality.
Process Analysis Technology (PAT) collectively represents instruments, methods, and
strategies that offer real-time analysis of critical quality parameters to improve product
quality and reduce cost (Munir et al. 2015). Panikuttira et al. (2018) stated that PAT tools
have been widely investigated for dairy processing applications, particularly in cheese
manufacturing processes, including standardization, coagulation, syneresis, and ripening, to
improve product quality, safety, and process efficiency during cheese production.
Both fluorescence spectroscopy and infrared techniques have been successfully employed to
monitor changes occurring in skim milk during enzymatic coagulation (Panikuttira et al.
2020). Panikuttira et al. (2017) developed an in-line sensor integrating NIR (880 nm) and
fluorescence (350 nm) to optimise the milk coagulation process. Panikuttira et al. (2020)
demonstrated the potential of using an in-line fluorescence and infrared backscatter sensor
and associated prediction model as an in-line PAT tool to monitor milk coagulation and
predict cutting time during the cheese manufacturing process.
The objective of this study was to develop a rheological prediction model to determine
milk gel strength during rennet-induced milk coagulation.
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Materials and Methods
Skim Milk
Skim milk was purchased from a local supermarket and stored at 4 ± 0.2 °C prior to
experimental trials. Milk composition was measured with a Dairy Spec FT. The milk protein
level was 3.5%, and the fat level was 0.3% (w/w)
Rennet-induced Coagulation
30 g of diluted rennet (Chy‐Max Plus, 200 IMCU mL−1; Chr Hansen Ireland Ltd., Cork,
Ireland) was added to 10 L of skim milk. The rennet activity was 0.054 IMCU g-1 of skim
milk. Renneted skim milk was stirred at 31 rpm for 3 minutes to ensure good mixing of the
added rennet, a 20 mL sample was obtained immediately after stirring for rheological
characterisation. A fluorescence and infrared backscatter sensor were installed in the sidewall
of the container to monitor changes in milk during the coagulation of rennet-induced skim
milk at a range of temperatures and enzyme addition levels. Enzymatic coagulation was
continuously monitored until the coagulum reached the selected storage modulus (G') value.
Rheological Monitoring of Milk Coagulation
Rennet-induced milk coagulation was continuously monitored by rheological measurements.
Storage modulus (G') was measured during the enzymatic coagulation process of skim milk
using a controlled stress rheometer (MCR 92 Rheometer, Anton Paar, Graz, Austria).
Experiments were performed using a concentric cylindrical geometry in oscillation mode at a
constant shear strain of 0.05% and a frequency at 1 Hz with the desired temperature (27 °C,
30 °C, and 33 °C). Changes in the storage modulus G' were recorded every 10 s using
RheoCompass™ software (Anton Paar, Austria) until the coagulum reached a G' value of 30
Pa. The times required to reach selected G' values were recorded. A rheological prediction
model was developed to determine the time needed for enzymic skim milk gels to reach
selected G' values (Panikuttira et al. 2019).
Fluorescence and NIR Signal Profiles Measurements
A FluorLiteCoAguLabTM NIR (880 nm) and fluorescence (excitation: 280 nm, emission: 350
nm) combined sensor (Reflectronics Inc., Lexington, KY) was used in this study to monitor
enzymatic milk coagulation at the required temperature (27, 30, and 33 °C). The fluorescence
and infrared light backscatter responses (volts) were collected at 3 s intervals during the
coagulation process by employing a data acquisition (DAQ) system. Both fluorescence and
infrared light backscatter optical response profiles were divided by their respective average
values of the first minute of data collected to obtain normalised fluorescence (F) and infrared
(R) signals. The first derivatives of the fluorescence and infrared light backscatter (F' and R')
were obtained by calculating the driving gradient using 8 minutes of data (80 points). The
second derivatives (F" and R") were calculated in a similar manner. The following time
parameters were obtained from the derivatives of F and R:

F′tmin and F′tmax: time parameters corresponding to the minimum and maximum values of
the first derivative of F
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F′′tmin and F′′tmax: time parameters corresponding to the minimum and maximum values of
the second derivative of F

R′tmin and R′tmax: time parameters corresponding to the minimum and maximum values of
the first derivative of R

R′′tmin and R′′tmax: time parameters corresponding to the minimum and maximum values
of the second derivative of R
These time parameters were used to develop rheological prediction models to predict the
cutting time at which the rennet-induced skim milk coagulum reaches selected G' values.


Statistical Analysis
This study was carried out in three batches at three different temperatures, each batch had
three enzyme addition levels, and coagulation trials were performed in triplicate (n=18). SAS
(version 9.1; SAS Institute Inc., Cary, NC) was employed to process and analyse rheological
data and optical response from sensors. The nonlinear regression (NLIN) procedure in SAS
was used to develop a cutting time prediction model using the time parameters extracted from
the measured optical response profiles and the measured G' values (Panikuttira et al. 2020).
Results and Discussion
Rheological Measurement
Rheological measurements will be acquired using oscillatory rheology during rennet-induced
coagulation of skim milk with different enzyme addition levels (0.026, 0.052, 0.150 IMCU/g
milk). Storage modulus (G') of milk gel indicates the ability to store deformation energy in an
elastic manner. The rheological parameter G' is directly related to the degree of cross-linking,
the higher the cross-linking degree, the greater the storage modulus. In this research, it is
anticipated that the rate of gelation will be faster in skim milk with higher enzyme addition
levels; and within the temperature range (27, 30, and 33 °C), the higher the temperature, the
shorter the time required to obtain the selected G' value (Arango and Castillo 2018).
Fluorescence and Infrared Backscatter Response
Typical response profiles of the first and the second derivatives of NIR and fluorescence will
be recorded and plotted. NIR time parameters (R'tmax, R''tmin, and R''tmax) and the time
parameters extracted from fluorescence profile (F'tmax, F''tmin, and F''tmax) are defined as the
coagulation time at the minimum or maximum values of the first and second derivative of the
NIR and fluorescence profiles. In this project, it is envisaged that both the fluorescence and
infrared light backscatter profiles will be influenced by the rennet-induced coagulation
kinetics at different temperatures and concentrations of enzyme addition. The selected time
parameters collected from the sensor during enzymic coagulation of skim milk will be
correlated with the measured gel time for the skim milk to reach selected G' values
(Panikuttira et al. 2019).
Development of prediction model
In this study, the data acquired from experiments will be used to develop a rheological
prediction model relating change in NIR and Fluorescence response profiles to milk gel
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strength was measured using the MCR 92 rheometer. The output of the expected rheological
prediction model will resemble the one shown in Figure 1.

Figure 1. Measured vs. predicted rennet coagulation time using a PLS model (n=55)
(Bland et al. 2015)
Conclusions
A prototype fluorescence and infrared backscatter sensor will be evaluated in this study as a
PAT tool to monitor rennet-induced coagulation of skim milk at different temperatures and
enzyme addition levels. A rheological model will be developed to predict the coagulum
cutting time for selected G' values, and the accuracy of the prediction model will be
determined by calculating the standard error, range standard error, and R2. The developed
prediction model is expected to be applied as an in-line PAT technique for real-time
enzymatic milk coagulation monitoring and cutting time prediction in cheese manufacturing.
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Abstract
Dairy products are subjected to heating during processing to ensure good microbial quality and shelflife. Thermal processing can cause denaturation and aggregation of whey proteins, i.e., β-lactoglobulin
and α-lactalbumin, resulting in instability and fouling. This study used Fourier-Transform Infrared
spectroscopy (FTIR) to identify heat-induced structural changes in proteins at the molecular level. Three
different temperatures, 75°C, 85°C and 95°C were used and changes in protein secondary structure in
either full-fat or skim milk investigated. There was a greater difference in absorbance between unheated
and heated (95°C) in skim samples compared to full-fat, while both milks showed similar peak positions
and slope at 1620 cm -1.
Introduction
Milk processing is an integral part of the Irish dairy industry with over 85% of Irish dairy products
exported. Raw milk is relatively stable to denaturation and aggregation; however, heat treatment can
affect its stability. Almost all dairy processes incorporate a heating step and the composition of milk
significantly affects its physicochemical behaviour during this thermal event. The two major proteins
in milk are casein and whey. While casein is relatively heat stable, whey proteins such as βlactoglobulin (β-LG) and α-lactalbumin denature at temperatures > 65°C, evident by unfolding of βLG which exposes a normally hidden thiol group. This thiol group is responsible for the formation of
disulphide linked aggregates (Hoffmann and van Mil, 1997) and thiol – disulphide interactions with κcasein. Heat induced aggregation of β-LG has been extensively researched and scientists have
concluded that the thiol group plays a major role in this process. These changes in β-LG are irreversible
at high temperatures (Buggy et al., 2018). This is one benefit of pre-heat treatment of milk / skim prior
to spray drying during powder production; i.e., controlled denaturation / aggregation of whey proteins,
to increase heat stability and reduce susceptibility to fouling. The heat stability of milk is largely
affected by protein content and therefore, changes in protein structure and composition will affect
processability (Markoska et al., 2019a). FTIR has been used to identify secondary structural changes
in milk proteins upon concentration and heating (Markoska et al., 2019b; Grewal et al., 2017; Grewal
et al., 2018). The region between 1600 and 1700 relates to the amide I region due to vibrations in N-H
bonds within protein. Another band at approximately 1545 cm -1 is associated with the amide II region
due to the stretching of C-N bonds. Secondary protein structures have been cited in the literature at
peaks of 1620 cm -1 for β-LG, 1655 cm -1 for alpha lactalbumin and 1645 cm -1 for random coil structures
(Grewal et al., 2018; Bassbasi et al., 2014). Mineral interactions are known to influence the behaviour
of milk during heating and calcium in particular can have a significant effect (Boiani et al., 2018). These
authors observed changes in FTIR spectra due to casein nanocluster changes caused by mineral
influences at different temperatures. Contrary to other studies that focused on the amide regions of the
MIR spectra, this study looked at the spectral region between 950 and 1200 cm -1 that focused on casein
phosphate nanoclusters in heat-treated milk.
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The objective of the current study was to identify changes in the secondary structure of proteins
(primarily whey proteins) during heating of either full-fat or skim milk to 75, 85 or 95°C x 5 min,
using attenuated total reflectance FTIR.
Materials and Methods:
Sample Collection
Raw full-fat milk held at 4°C was collected from a bulk tank in plastic containers. Fat was separated
from milk by centrifuging at 4,000rpm for 40 minutes at 4°C. Skim milk was stored in plastic vials
overnight.
Heat treatment
Samples of skim milk (25 mL) were heated in a water bath at 75°C, 85°C and 95°C for 5 minutes. These
samples were immediately cooled in ice after.
Spectral Acquisition
The FTIR spectrometer used was a 27 Tensor FTIR (Bruker UK Ltd, Coventry, UK) equipped with an
ATR BioATRCell II probe (Bruker UK Ltd, Coventry, UK. Samples were scanned in the range of 4000
to 800 with an average of 100 scans per sample. Approximately 20 µL of sample was added to the ATR
cell that was composed of a zinc crystal. A background spectrum was measured without sample in the
cell and then with water prior to sample scanning. The data was saved and analysed using OPUS 7.5
software. Atmospheric compensation and vector normalisation were applied to all spectra.
Results and Discussion
Heating milk to 75°C and 85°C resulted in only minor differences in the molecular structure of the milk
proteins. Conditions of 75°C x 20 sec are typically used for pasteurisation of milk, however, in the
current study, an extended time of 5 minutes was used. At this time-temperature combination (i.e., 75
°C x 5 min), little change in protein conformation was observed using FTIR, indicating that
pasteurisation has a minimal effect on protein aggregation. There was very little difference between the
control and milk heated to 75°C and 85°C. In both full-fat and skim milk, the greatest difference was
seen in milk heated to 95°C, which was expected as this temperature caused unfolding and aggregation
of β-LG. Figure 1 (b) and figure 2 (b) show the difference in the spectra of heated milk compared to the
unheated milk. There was a difference of 0.1 in absorbance between the heated skim (95°C) and the
control (unheated) compared to 0.04 for the full-fat milk at the same temperature. There was also a
greater drop in peak height at 1550 cm-1 in heated skim compared to heated full-fat which is associated
with the amide II region of protein structure. A similar rate of decrease at 1650 cm-1 was observed for
both full-fat and skim milk heated at 75 °C and 85°C, however, there was a bigger drop in the skim
heated to 95°C compared to the full-fat.
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Amide I

Amide II

Figure 1. (a) Vector normalised spectra of unheated full-fat milk (red), full-fat milk heated to 75°C
(green), 85°C (pink) and 95°C (blue. (b) Heat treated spectra at 75°C (green), 85°C (pink) and 95°C
(blue) subtracted from control (red) to observe the difference in spectra as a result of heat treatment
There was a change in slope in the spectra for milk heated to 95°C at 1620 cm-1 for both skim and fullfat milk, which suggests aggregation of β-LG has occurred. The increase in the broad peak between
1420 and 1455 has not been widely investigated in the literature, as it is not specifically related to one
type of bond. However, in this study, heating to 95°C resulted in a large increase in this broad peak for
both skim and full-fat milk and therefore may be worth further investigation. The variation in peak
intensity upon heating between skim and full-fat milk indicates that fat may also influence the behaviour
of milk during heating. It is possible that it affects heat transfer during heating as lower peak intensities
were observed in full-fat milk compared to skim.

Amide I

Amide II

Figure 2. (a) Vector normalised spectra of unheated skim milk (blue), heated to 75°C (pink) 85
°C (green) and 95°C (yellow) and (b) Heat treated spectra at 75°C brown), 85°C (green) and
95°C (pink) subtracted from control (navy)

Conclusion
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Heat treatment of milk (75 and 85°C) for five minutes had little effect on the molecular structure of
protein in milk, however, heating to 95°C caused a significant change in protein conformation. FTIR is
effective at identifying the changes in protein structure in the amide I and amide II region. Full-fat and
skim milk are affected differently by heating with skim resulting in higher peak intensities indicating a
greater change in protein structure compared to Full-fat milk.
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Abstract
An effective method for waste to energy conversion, commonly adopted worldwide, is Anaerobic
Digestion (AD). AD can perform waste valorisation from Farmyard Manure and Slurry (FYM&S), crop
residues, and food waste, thereby producing biogas, one of the sources of environmentally friendly
renewable green energy. AD also has the potential to inactivate microorganisms that are likely to be
present in the feedstock. However, complete inactivation is unlikely in the digestate, a by-product of
AD. Therefore, following the land application of digestate, pathogen transmission to humans via
contaminated soil, water, crops, and animals is possible. This study aimed to identify the key controlling
parameters of pathogen inactivation through AD and predict E. coli loading in the digestate conducting
a multivariate analysis based on open-source data on AD operating conditions such as feedstock C:N
ratio, temperature, Hydraulic Retention Time (HRT), and Organic Loading Rate (OLR). Using the
predicted equation after regression analysis, typical Irish AD conditions (37°C mesophilic anaerobic
digestion, HRT 7 days, OLR 2.11 kg vs m -3 d -1) suggests that the simulated mean E. coli levels in the
digestate were 3.7 (cattle), 3.95 (chicken), and 0.64 (pig) log10 CFU g -1. Dairy and chicken manure were
estimated to require an HRT of 18 and 22 days, respectively, to achieve a maximum level of 3 log10 CFU
g -1 (EC No.1069/2009 and (EU) No. 142/2011).
Introduction
The AD has been proven to be one of the most promising technologies over the last number of decades,
as it effectively handled waste treatment and energy regeneration, which are two critical issues for the
human community (Zhang et al., 2017; Castellano-Hinojosa et al. 2018). Specifically, the biological
process achieves transformation from the embodied energy in organic wastes (e.g., agricultural residues,
commercial and domestic food waste) to renewable biogas, with the helpful digestion effect of multiple
microorganisms (Nag et al., 2019; Green-Generation 2021). However, various pathogens may still
survive during the process even though large quantities are inactivated. Nag et al. (2020) ranked the
pathogens which may present in the digestate as Cryptosporidium parvum, Salmonella spp., norovirus,
Streptococcus pyogenes, pathogenic E. coli, Mycobacterium spp., Salmonella typhi, Clostridium spp.,
Listeria monocytogenes, Campylobacter coli; many of which can infect humans with severe diseases
including gastroenteritis, conjunctivitis, fever, cystitis and genital disease. E coli, enterococci, total
coliform are the key indicators in the quantitative microbial risk assessment. A few strains of E. coli are
pathogenic such as O157:H7, that produce Shiga toxins and cause hemorrhagic colitis and the lifethreatening sequelae hemolytic uremic syndrome in humans (Nag et al., 2019).
The study's objective is to evaluate the likely inactivation of the indicator pathogen E. coli through
AD treatment with different parameter configurations.
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Materials and Methods
Risk assessment is a four-step method comprising hazard characterisation, exposure assessment, hazard
characterisation, and risk characterisation (Nag et al., 2019). This study aims to conduct a multivariate
analysis approach on AD parameters to predict the indicator E. coli load in the digestate, which is a very
important step of farm-to-fork exposure assessment. Based on the literature search, a risk assessment
methodology was developed (Fig. 1). The pathogen inactivation may be influenced by numerous
parameters, including the controllable, independent parameters such as temperature, HRT, OLR, C:N
ratio, and secondary dependant parameters such as free ammonia concentration, pH, toxicity in the
feedstock, presence of light (Nag et al. 2019). Temperature and HRT tend to be the most significant
factor for digestion efficiency and pathogens inactivation (Chen et al. 2016; Nag et al., 2019).
Specifically, the Thermophilic Anaerobic Digestion (TAD) and the Mesophilic Anaerobic Digestion
(MAD) are considered. The former follows a temperature range between 45 ℃ and 60 ℃, while the
MAD is operated between 35 ℃ and 45 ℃ (Nag et al., 2019). A data warehouse was built considering
the most relevant studies in this area which considered the AD process parameters in their experimental
studies (Table 1).

Fig. 1. The framework and technical line of the assessment.
Table 1. Data warehouse of E. coli for multivariate analysis based on peer-reviewed research articles
(due to space limitation, all data points are not shown).
Primary independent parameters
Feedstock

C:N a

Temp

OLR (kg vs m

(°C)

−3

d )
−1

Dairy manure

20

37

2.73

Dairy manure

20

37

Dairy manure

20

Dairy manure

20

Dairy manure

20

Initial E.

Final E.

Log10

HRT

coli (Log10

coli (Log10

reduction

(days)

CFU g

CFU g

(CFU g

-1

)

-1

)

-1

Reference
)

28.6

6.4

4.9

1.5

(Qi et al. 2018)

1.96

b

7

6

2.5

3.5

(Nolan et al. 2018)

25

1.96

b

60

7.81

-

6

(Pandey and Soupir 2011)

37

1.96 b

41

7.27

-

6

(Pandey and Soupir 2011)

52.5

1.96 b

3.5

7.40

-

7

(Pandey and Soupir 2011)
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Primary independent parameters
Feedstock

C:N a

Temp

OLR (kg vs m

(°C)

−3

d )
−1

Initial E.

Final E.

Log10

HRT

coli (Log10

coli (Log10

reduction

CFU g

(CFU g

(days)

CFU g

-1

)

-1

)

-1

Reference
)

Chicken manure

10

37

1.96

b

8

7.39

-

3

(Thomas et al. 2019)

Chicken manure

10

42

1.96

b

26

7.28

-

5

(Thomas et al. 2019)

Chicken manure

10

55

1.96

b

8

5.55

-

5

(Thomas et al. 2019)

Pig slurry

6

37

1.96 b

4

4.5

-

2.2

(Jiang et al. 2018)

Pig slurry

6

24

1.47 c

7

4.94

-

2.9

(Massé et al. 2011)

Pig slurry

6

24

1.48 c

7

4.94

-

2.8

(Massé et al. 2011)

Pig slurry

6

24

1.31 c

7

4.94

-

2.8

(Massé et al. 2011)

Pig slurry

6

24

1.65

14

4.94

-

2.8

(Massé et al. 2011)

c

Notes
a) Carbon:Nitrogen ratio (C:N) data source: http://www.carryoncomposting.com/416920203. b) Average OLR, assumed values. c) It is
assumed that 1 kg TCOD m -3 d -1 = 1 kg VS m -3 d -1.

Results and Discussions
The initial concentration of E. coli in dairy cattle, chicken manure, and pig slurry is estimated as 6.98
(SD 0.67), 6.74 (SD 0.84), and 4.85 (SD 0.28) log10 CFU g -1, respectively. In line with the previous
work (Buchanan et al., 2017; Nag et al., 2019; Zhao and Liu 2019; Jiang et al., 2020; Nag et al., 2020),
this study predicts E. coli level in the digestate as a fragment of quantitative microbial risk assessment
(exposure assessment part) on the likely survival of major pathogens treated by AD with different
configurations. The anticipated results will directly indicate the pathogens inactivation ability of the AD
process under different temperature conditions. All parameters are statistically significant (< 0.05), and
the predicted inactivation equation is also highlighted towards the end of Table 2. Typical Irish AD
conditions (37°C mesophilic anaerobic digestion, 7 days) suggests that simulated mean E. coli levels in
the digestate can be as high as 3.7 (cattle), 3.95 (chicken), and 0.64 (pig) log10 CFU g -1. A backcalculation suggested that a minimum of 18 and 22 days HRT is required for the AD where dairy and
chicken manure are used as feedstock, respectively, in order to ensure low residual levels (EC
No.1069/2009 and (EU) No. 142/2011).
Table 2. Multiple Regression for pathogen inactivation (Log10 CFU g -1 reduction).
Summary

Regression

Multiple R

R-Square

Adjusted R-square

Error

Ignored

Outliers

0.965

0.932

0.898

0.547

0

0

Coefficient

Std. Error

t-Value

p-Value

Confidence Interval
95%

Upper

Constant

5.06

0.93

5.43

0.0006

2.91

7.21

C:N

0.12

0.04

3.25

0.0117

0.04

0.21

TEMP

0.15

0.02

7.43

< 0.0001

0.10

0.20

OLR

-4.89

0.67

-7.32

< 0.0001

-6.43

-3.35

HRT

0.07

0.01

5.22

0.0008

0.04

0.10

Log10 reduction = 5.06124889 + 0.12240621 C:N + 0.15167261 TEMP - 4.88916491 OLR + 0.0675549 HRT
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Conclusions
Mean initial levels of indicator E coli in dairy cattle, chicken manure, and pig slurry are estimated
as 6.98 (SD 0.67), 6.74 (SD 0.84), and 4.85 (SD 0.28) log10 CFU g -1, respectively. Predictive
equations are developed based on the literature-based data warehouse. A minimum of 18 and 22
days HRT is required for the AD where dairy and chicken manure are used as feedstock,
respectively, so that the final count of indicator E. coli can be below the EU regulatory limit of
1000 CFU g -1. Future work includes quantifying the pathogenic E. coli proportion and conducting
hazard characterisation with dose-response models to build a robust risk assessment probabilistic
modelling. This research may inform the farm owners, AD operators, and government agencies
to improve health safety policies.
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Abstract
Food is wasted throughout the entire food supply chain—from agricultural production to the
household level. This has negative impacts on natural resources and the environment. In turn,
reducing food waste can minimise the environmental effects of agriculture on climate,
biodiversity, soils, water bodies and the atmosphere. This study gives the context of key policies,
then evaluates the practicalities of implementing the main policy instruments, and their potential
implications for the sustainability of agri-food systems. Finally, it delivers an overall assessment
of implications of key policies on a broad societal basis.
Introduction
Feeding a growing world population is a global challenge. The reduction of food waste is
considered to be one measure to meet this challenge. Annually in the EU around 88 million
tonnes of food are lost or wasted all along the agri-food value chain, from primary production to
final consumption, with consequent high environmental, social and economic impacts (Lucifero,
2016). In fact, it has been estimated that halving food waste could meet the demand for food of
the growing population (Garske et al., 2020). Reducing food losses and waste, primarily through
prevention, has enormous potential for ensuring sustainable food and nutrition security, reducing
greenhouse gas emissions and lessening environmental impacts by improved resource use
efficiency (Thyberg and Tonjes, 2016). Nonetheless, reducing food losses and waste all along the
agri-food value chain is not straightforward, as the problem is a result of manifold and highly
interlinked causes.
In addition, the issue of food waste furthermore highlights the distributive issues of a nonsustainable global food and agriculture system (Parfitt et al. 2010). While large volumes of food
are wasted, obesity rises simultaneously. In the European Union, nearly 88 million tonnes
of food equivalent 143 billion euro are wasted every year. The EU and the EU countries are
committed to meeting the Sustainable Development Goal 12.3 target to halve per capita food
waste at the retail and consumer level by 2030 and reduce food losses along the food production
and supply chains (GHINEA and GAVRILESCU, 2016).
Legislation is necessary to deal with the problem of food waste. Before 1970, the EU had no
legislation or joint policy concerned with waste management. Some countries realised that so
called end-of-pipe solutions and the situation existed until 1975 when the Waste Framework
Directive (75/442/EEC) came into force (Pawelczyk 2005). Effective policies for food waste
prevention should address the behaviours and motivations of food waste generation. This study
assesses the integration of food waste in European and Irish policies, using a matrix to clarify the
advantages and disadvantages of the main policies, then provide recommendations regarding
how future policy should be directed.
The objective of this project was to analyse the implications of the EU and Irish food waste
policies and legislation and make recommendations regarding how future policies should
be directed.
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Materials and Methods
EU and Irish policies
A total of 53 EU legislative acts impacting on food waste have been identified: 29 regulations,
10 directives, 3 decisions, 10 communications, 1 parliament resolution. The parliament
resolution is not an EU legislative act, but it has been included in the inventory because its content
is relevant to any policy or strategy against food waste. The potential implications of inventoried
EU legislation have been grouped in five clusters (Food Waste Generation; Food Waste
Management; Food Waste Reduction; and Food Use Optimization; and more than one
Figure 1. In Ireland, the most
implication) (Vittuari et al. 2015) and summarised in the
important policy is the Waste Management Regulations. Table 2 lists the key policies in Ireland
related to reducing food waste.

Figure 1. Implications of inventoried EU legislation, with number of policies listed on the Yaxis (this study) (F.W. = Food Waste)
Table 1. Irish policies related to reducing food waste
Policy name

Year of establishment

Waste Management (Food Waste)Regulations 2015

2015

Food Safety Authority of Ireland Act 1998 (Amendment of First
Schedule) Order 2021

2021

Agriculture, Food and the Marine (Delegation of Ministerial Functions) 2021
Order 2021
Food Hygiene (Revocation of Certain Provisions) Regulations 2017

2017

Health (Provision of Food Allergen Information to Consumers in respect 2014
of Non-Prepacked Food) Regulations 2014
Agriculture, Fisheries and Food (Delegation of Ministerial Functions) 2011
Order 2011

Study process
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Figure 2 shows a framework diagram to illustrate every step in this study. The study is carried
out by reading literature review and policy documents. At present, policies to be studied have
been identified and preliminary evaluations have begun.

Figure 2. Steps of the methodological approach of the study
Results and Discussion
The study is ongoing regarding the impacts of the various policy measures on food loss and
waste. It's not at the final evaluation stage yet. At this stage, after a series of assessments and
scoring, provisional results indicate three legislative acts having the largest positive impacts on
food waste and three legislative acts having the largest negative impacts on food waste. After
comparison between policies, only preliminary conclusions can be drawn. The policies must
incentivization and a major
impact at the consumer level, either through enforcement or
feature is the emergence of unpredicted ‘rebound effects’, hence the policies and their impacts
require close ongoing monitoring. It likely shows that prevention should take priority in food
waste interventions while food waste management practices (e.g. separate collection,
composting, and anaerobic digestion) should represent a clear alternative if prevention measures
are not effective.
Despite repeated political statements and initiatives, there is currently no coherent and ambitious
approach to tackle food waste along the entire food supply chain in the EU. The analysis also
finds that these areas of law lack an adequate steering effect to significantly reduce food waste
as required by international environmental targets.
Conclusion
The regulatory law in particular suffers from governance problems as described. The effect
of the detailed law, which focuses on individual products or processes, is limited by rebound
effects, spatial and sectoral shifting effects, lack of rigour as well as problems of depicting
and enforcement. Policies to prevent food waste should address the range of behaviours and
motivations for wastage. They should be multi-faceted so that they target people’s values,
provide them with skills to prevent waste, and facilitate logistical improvements to encourage
prevention. Food wastage is an issue that demands attention, research, and action,
particularly regarding ways to prevent food waste generation.
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Abstract
Food allergens are a global problem and effective control is required in the food production
and processing environments. Milk is one of the fourteen allergenic ingredients identified in
European Union food allergen lists. The allergenic proteins of concern in milk include casein
and the whey proteins; β-lactoglobulin and α-lactalbumin.
Atmospheric cold plasma (ACP) is a novel technology generating reactive oxygen and nitrogen
species (RONS), charged particles, and UV photons that has recently been extensively studied
by researchers for possible applications in agriculture, medicine, and food sectors. Recent
studies report that ACP has the potential to modify protein structures and may therefore be able
to control or mitigate the immunoreactivity of allergenic proteins. The objective of this study
was to investigate the effect of ACP on reducing the allergenicity of casein and whey proteins.
Casein solutions and whey protein solutions were separately dissolved in phosphate buffered
saline solutions. A tunable plasma device allowing spark- or glow-discharge treatments was
used to treat casein and whey protein solutions directly through plasma in contact with
solutions for 10-30 minutes (Figure 1). FTIR, SDS-PAGE, UPLC-MS/MS and ELISA were
used to evaluate the proteomics profile of treated casein and whey proteins. FTIR results
showed that both plasma treatments on casein and whey proteins resulted in changes in the
contents of secondary structure. SDS-PAGE results for both plasma treatments showed
noticeable changes in gel band intensities for casein, β-lactoglobulin and α-lactalbumin. Amino
acid profiles of antibody-binding epitopes in casein and α-lactalbumin were decreased after
both plasma treatments while in β-lactoglobulin were increased. ELISA analysis of plasma
treated samples showed a significant reduction (P<0.05) in IgE binding values compared to
control samples indicating a reduction in antigenicity of casein and α-lactalbumin. However,
the antigenicity of β-lactoglobulin were increased. Overall, the structure of plasma treated
samples was modified with further changes in their antigenic properties. The developed plasma
process elucidates the potential for application in food processing to reduce the risk posed by
allergen cross-contaminants (Ng et al., 2020).

Figure 1: Experimental design of cold plasma treatment on casein and whey proteins.
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Abstract
Arsenic (As) is a toxic metalloid that can enter the human food chain from soil and drinking water.
Arsenic is known to accumulate in tubers and leafy vegetables, such as potatoes, carrots, and
lettuce. This study aims to develop a risk assessment model and estimate the Irish population's
potential exposure to arsenic through potatoes, carrots, and lettuce which are potentially grown
on arsenic containing soil. The As levels in vegetables were determined by estimating As levels
likely in soil and the potential As uptake coefficients of each vegetable. The exposure assessments
of the Irish population were estimated according to the Irish adults' consumption pattern and daily
intake of each vegetable. If grown on soil with elevated As levels potatoes had a small probability
of exceeding the food As limit of 1 mg/kg. However, the cooked potatoes contained low As and
low As intake levels were determined from potatoes in the Irish population. Higher As intake
levels were observed in raw lettuce. The Irish population had low exposure risks to As in Irish
potatoes and carrots, but higher exposure risk when consuming raw lettuce.
Introduction
Arsenic is a ubiquitous metalloid that occurs naturally in the earth's crust. Anthropogenic
activities such as mining or using As-containing pesticides could increase the As level in the
soil and groundwater. Inorganic As species, especially AsIII are toxic to human health and have
been classified as Group 1 human carcinogen by the International Agency for Research into
Cancer (IARC 2012). Inorganic arsenic is known to cause skin, lung, and urinary bladder
cancers and other noncancer health effects, including skin lesions, neurotoxicity, and
cardiovascular disease (IARC 2012; Guha Mazumder 2015).
Arsenic enters into the human food chain through its accumulation in food and drinking water
(Bakhat et al. 2017). According to FSAI (2016), the limit of arsenic in food is 1 mg/kg and 10
μg/L in drinking water. There are currently no maximum limits for daily arsenic exposure.
Instead, the European Food Safety Authority (EFSA) Panel on Contaminants in the Food Chain
(CONTAM Panel) has identified the lower limit of the benchmark dose of 1% extra risk (BMDL
0.1) as 0.3 to 8 μg/kg bodyweight/day for lung cancer and bladder cancer (EFSA 2014).
The capacity of As accumulation in plants depends on the plant species and the soil As
concentration (McBride 2013; Ding et al. 2015). Many studies have reported that rice had a
higher capacity to accumulate As from soil and higher arsenic exposure level when consuming
rice (Kar et al. 2013; Alam et al. 2016). Alam et al. (2016) and Kar et al. (2013) also found that
tuberous and leafy vegetables generally contained higher arsenic than fleshy vegetables.
Washing, peeling and cooking such as boiling and fried can significantly decrease the As level in
potatoes, and carrots (Díaz et al., 2004; Perelló et al., 2008; McBride, 2013; Liu et al., 2018).
However, limited information is available regarding the risks of As exposure from cooked
vegetables.
The objective of this study is to develop a risk assessment model and estimate the Irish
population's potential exposure to arsenic through potatoes, carrots, and lettuce which
are potentially grown on arsenic containing soil.
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Materials and Methods
Soil As concentration
The study area lies within the political boundary of the Republic of Ireland. The data of Irish
soil As concentrations were obtained from the National Soil Database. The Irish soil arsenic
concentrations are in the range of 0.4 mg/kg (minimum) to 122.7 mg/kg (maximum), with an
average of 9.1 ± 9.2 mg/kg in 1310 soil samples across Ireland (Fay et al. 2007). The Irish soil
As concentration was assumed to be triangular distributed in this study.
Plants As concentration
As in vegetable tissue responds proportionally to the concentration in soil, which is known as
the plant uptake coefficients (UP) (McBride 2013). The Irish plant As concentration can be
determined by Irish soil As concentration and plant uptake coefficients as:
Irish Plant As level = Irish soil As level × UP
Human exposure level
The Irish adult daily consumption data of potatoes, carrots, and lettuce were collected from the
Irish Nutritional Alliance survey (IUNA 2011). The mean daily consumption of potatoes,
carrots, and lettuce for 1274 Irish adults between the age of 18 and 64 are shown in Table 1.
The average body weight of Irish adults was assumed to be normally distributed as 70 ± 13.7
kg according to IUNA (2011).
Table 1. The means and standard deviations (SD) of food intakes (g/day) in Irish adults.
Food
Potatoes (Boiled)
Potatoes (Fried) Carrots Lettuce
Mean
71 ± 74
43 ± 51
13 ± 19 21 ± 28
The As levels in boiled potatoes, fried potatoes, peeled carrots, peeled and boiled carrots were
adapted from Díaz et al. (2004), Perelló et al. (2008), McBride (2013) and assumed to be
proportional to the raw vegetables. The relationships of raw and cooked vegetables are
presented in Table 2.
Table 2. The As level ratio of the vegetables after cooking.
Potatoes
Potatoes
Carrots
Carrot
(Boiled)
(Fried)
(Peeled)
(Boiled)
Proportional 0.61
0.81
0.44
0.4
Food

Lettuce
(Raw)
1

The daily As exposure level of Irish adults to potatoes, carrots, and lettuce can be calculated by:
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 =

𝐴𝐴𝐴𝐴 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝑖𝑖𝑖𝑖 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 × 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼
𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊ℎ𝑡𝑡

The risk analysis was performed by Monte Carlo Simulation in Microsoft Excel 2010 with the
RASP add-on package and 10,000 iterations were performed for each simulation.
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Results and Discussion
Arsenic level in Irish potatoes, carrots and lettuce
The simulated average As concentration in Irish potatoes, carrots, and lettuce for the scenarios
considered was 0.65 mg/kg, 0.068 mg/kg, and 0.32 mg/kg, respectively. Figure 1 shows the
boxplot of As concentration in Irish potatoes, carrots, and lettuce. For the conditions considered
potatoes had a potential of exceeding the FSAI As limit (1 mg/kg) in food.

Exposure risk assessment
Table 3 shows the mean and the 95th percentile of daily As exposure level of Irish adult. The daily
As exposure level of Irish adults through cooked potatoes, peeled carrots, and boiled carrots were
low. On the other hand, Irish adults have a higher As exposure risk in lettuce as lettuce is usually
consumed in raw form. Cooking methods, including boiling, frying, and peeling can decrease the
As level in potatoes and carrots (Díaz et al. 2004; Perelló et al. 2008). Similar results in decreasing
As level after washing and cooking were also found in rice (Liu et al. 2018). However, Perelló et
al. (2008) observed that As increased after cooking in fish products.
Table 3. Daily As exposure level of Irish adults (μg/kg bw/day).
Potatoes
Potatoes
Carrots
Carrot
Lettuce
(Boiled)
(Fried)
(Peeled)
(Boiled)
(Raw)
Mean
0.3
0.367
0.094
0.007
4.028
th
95 percentile 0.94
1.13
0.28
0.02
12.86
Food

Conclusions
For the scenarios considered in this model, no health risk was associated with As intake in the
Irish population by consuming Irish potatoes and carrots, but with a potential higher exposure
through raw lettuce. Additional qualitative data is required for validation and more accurate
results. Further research could focus on the As intake for the complete Irish dietary pattern.
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Abstract
As sustainability has been of increasing focus globally, numerous researchers and manufacturers
have been exploring the use of biopolymers to replace fossil-based plastics in various applications,
and biopolymers synthesized from biomass such as Polylactic Acid have been successfully scaled
up to a commercial level. This study discusses a circumvented biopolymer production pathway,
employing the use of microalgae. This technology has only been investigated on a lab scale, despite
clear advantages in saving vital resources such as food and land. It has been deemed economically
unattractive due to the high cost and complexity of cultivating microalgae to manufacture enough
viable biopolymers. However, promising studies have suggested microalgae can be cultivated from
industrial waste streams by using the carbohydrate content of these streams for growth as opposed
to purchasing this required substrate. Future work will examine the technical and economic
feasibility of the overall process to produce biopolymers using cultivated microalgae from a specific
industry’s waste stream.
Introduction
The production of plastics has exponentially increased in the last two decades to meet increasing
demands of plastic consumer goods. This is expected to increase with use of disposable face masks
and gloves due to the unforeseen Covid-19 pandemic. These plastics have been conventionally
produced using limited fossil resources that have led to severe environment pollution through high
greenhouse gas emissions and contamination of aquatic bodies. Additionally, these fossil-based
polymers have led to a global waste problem. Among other commonly used materials such as paper,
wood, leather, and aluminum, plastics take by far the longest to decompose as it may persist in the
environment for centuries when left untreated (Chia et al., 2020). Plastic debris has also caused
‘white pollution’ in aquatic bodies, posing serious impacts on marine life and, through food chain,
human health (Chia et al., 2020).
Although recycling has been emphasized as a viable waste management method, numerous
researchers have concluded that it is ultimately futile. Chia et al. (2020) illustrated how only
approximately 7% of plastics have been recycled in U.S.A. from 1960 until 2017, with about 80%
of plastic waste ending up in landfills in the same time span. Even when plastics are successfully
recycled, the processing costs are high, and an unsustainable amount of energy is consumed.
Furthermore, virgin plastics are almost always preferred to recycled plastics, as they have been
found to be deficient in key properties (Wilson, 2020). In the current waste management scheme, a
significant portion of recycled plastics end up in landfills, as they cannot be distinguished from other
solid waste (Wilson, 2020; Glen, 2020). All these factors and problems with fossil-based polymers
have influenced the advent of biopolymers as a sustainable solution. They are a viable carbon-neutral
alternative, and can be produced from natural resources and waste (Thielen, 2014). Additionally,
biopolymers offer additional end of life scenarios as over 50% of them are degradable (Onen Cinar
et al., 2020). As such, they are viewed as a solution to reduce municipal solid waste disposal.
One of the methods of producing biopolymers that is underdeveloped despite the vivid advantages
is the use of microorganisms such as microalgae. Unlike other feedstocks commonly deployed to
produce biopolymers (e.g., corn and sugarcane for the synthesis of polylactic acid), microalgae
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cultivation does not require the use of valuable agricultural resources, such as arable land and
potable water (Onen Cinar et al., 2020). In addition, microalgal biomass reduces greenhouse gases
due to their rapid growth and high carbon fixing efficiency when they grow (Chia et al., 2020).
Through multiple studies, it is evident that none of the pathways to produce biopolymers using
microalgae are currently prepared to be industrialized. The major bottleneck is due to the high cost
of cultivating microalgae and their relatively low polymer yield. They require expensive sugars and
nutrients for growth. Cultivation can also be complex. However, numerous studies have shown
promise in cultivating microalgae from municipal, agricultural, and industrial waste streams, saving
costs for nutrients and wastewater treatment (Choi, Jang and Kan, 2018). Aligning both processes
to make reliable and usable plastics for end consumer goods at a profitable capacity is the main
challenge. The role of this study and future analysis is to define the best possible pathways this can
be executed and determine their economic feasibility.
The objective of this study is to examine the technical and economic feasibility of cultivating
microalgae on waste streams derived from the dairy industry to produce biopolymers.
Materials and Methods
All the experimental studies with promising results are lab-scale and disjointed, as cultivation and
polymer synthesis have been examined separately up to this point. Our work will investigate the
design and techno-economic feasibility of a pilot scale, and possibly a commercial-scale, integrated
microalgae cultivation and processing facility to produce biopolymers. Essentially, this will begin
with modelling all the unit operations involved and estimating the associated cost of equipment and
production. A sensitivity analysis will also be conducted to assess how key parameters affect the
technology, and quantitatively estimate their ultimate influence.
The first step in assessing the feasibility of producing bioplastics with microalgae is simultaneously
examining and reviewing the following:
1.
Suitable industry with carbon-rich waste stream for microalgae cultivation.
2.
The possible polymers that can be synthesized from the cultivated microalgae, and the
respective amount that can be produced.
3.
The usefulness of the generated polymers to that industry.
Industrial waste streams
As discussed earlier, cultivating microalgae is expensive. The cost of the organic carbon substrate
required for microalgal growth is estimated to be about 80% of the total cost of the cultivation
medium (Abreu et al., 2012). There are numerous promising studies showing microalgae can be
cultivated from waste streams, especially industrial dairy waste streams as they contain whey
permeate that can be utilized to cultivate strains such as chlorella (Girard et al., 2014). In future
analysis, the determination of whether a useful product can be generated takes precedence over
profitability, as the possibility of the generated polymers being used in that sector will be examined
first. Every industry uses large amounts of various plastics for different purposes. The dairy industry,
for example, uses massive amounts of plastic for packaging. Is it possible that they can generate a
credible percentage (or all) of the plastics required from their waste streams? And if so, for the dairy
industry, will the microalgal waste valorization strategy be a cheaper alternative to separately
treating their waste products and purchasing conventional plastics for packaging? These are the type
of answers this research work attempts to answer.
Microalgae
(Onen Cinar et al., 2020) defined microalgae as microscopic organisms, which utilize solar energy
to produce adenosine triphosphate (ATP) and live in freshwater and marine environments.
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Microalgae can be utilized for biofuel production, supplements in the food industry, cosmetics, and
pharmaceutical formulations (Onen Cinar et al., 2020). As such, it has become increasingly popular
due to its potential contribution to the bioeconomy. Future analysis will also consider the possibility
of a solid byproduct to accompany biopolymer production within the infrastructure of the chosen
industry, as researchers believe multi-utilization is the cornerstone to justify the cultivation costs
and make it economically attractive (Onen Cinar et al., 2020).
Synthesis of biopolymers
(Onen Cinar et al., 2020) discussed the two approaches of producing polymers using microalgae.
1. Plastic blending
Blend design has been mostly executed on a lab scale and it is the most common method of polymer
production from microalgae. It involves making a uniform mixture of additives, polymers, and
microalgae biomass, and subjecting it to common polymer processing technology depending on
what the final product is intended for. A common technology employed is compression molding.
Another technology used is solvent casting. This approach is more direct and requires no additional
refining or synthesis, aside from obtaining the algal biomass.
2. Cellular polymer production
This approach is more thorough and intricate. Understandably so, it is less pursued compared to the
former method. Microalgal cells can produce biopolymers intracellularly or through fermentation,
and Polyhydroxybutyrate (PHB) is the main polymer produced. The importance of cultivation in
this approach is intensified as the intracellular content is key to the product, as expected. The two
highlighted methods employed after cultivating and harvesting microalgal biomass are the
hydrolysis of microalgae biomass after drying and wet lipid extraction procedure (WLEP). As
drying is not necessary in WLEP, it could possibly reduce the overall cost of the system.
Results and Discussion
The detailed techno-economic analysis aims to answer the following questions.
1.
2.
3.
4.
5.

Most feasible industry based on thorough literature review.
Application of final product in chosen industry.
Most feasible cultivation strategy and biopolymer production approach
Process model and cost estimation for overall process at pilot scale, at least.
Sensitivity analysis for key parameters to overall process

From a preliminary literature review, the dairy industry is very appealing for this technology, as
substantial amounts of whey permeate (lactose) is present, and it costs the industry to treat the high
organic content streams. Furthermore, the dairy industry consumes huge amounts of plastic for
packaging. More studies will be examined to determine the most feasible cultivation strategy. The
biopolymer production route will depend on the suitability of the final product for packaging. (Fabra
et al., 2018) suggested that thermoplastic corn starch blends with microalgae (nannochloropsis)
generate viable biodegradable food packaging materials that can be scaled up. (Onen Cinar et al.,
2020) comprehensively reviewed studies by other scientists and illustrated the cellular PHB
production using microalgae as follows. Chlorella and Spirulina species are currently the most
utilized in the production of both biopolymers and plastic blends (Onen Cinar et al., 2020). Other
species are Scenedesmus and nannochloropsis.
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Figure 1. Bioplastic production from microalgae, from (Onen Cinar et al., 2020)
Conclusions
It is premature to determine the scalability of biopolymer production using microalgae cultivated
in waste streams. Both processes have only been executed on a lab scale separately. This paper
intends to provide a pathway to actualization by identifying the key factors and technical
requirements of the overall process. A significant amount of analysis has to be conducted to initially
integrate the cultivation process with the current infrastructure of the dairy industry, and finally the
synthesis of biopolymers.
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A SYSTEMATIC REVIEW AND NETWORK ANALYSIS IN
PRECISION DAIRY MONITORING
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Abstract
Due to the recent technological advancements in livestock farming, more and more farmers are
managing farms through the use of precision agriculture technology. The aim of this study is to
visualize and analyse data from a total of 469 papers over the last 30 years using excel and
VOSviewer in order to get information on the research trends in a number of studies related to
precision dairy monitoring and the direction of research over the last 30 years. The analysis shows
that the number of studies on precision dairy farming has increased significantly since 2010 and
the significant research has focused on precision livestock farming technologies for disease
prevention, control and management of dairy cattle.
Introduction
Precision dairy monitors behavioural, physiological, or production indicators to detect individual
animal disease, oestrus, welfare or impending calving. The information obtained is then collated
to produce an operational, up-to-date, automated livestock management system to ensure the
safety and quality of livestock products. Precision dairy monitoring technologies can be placed
on or in the cow, but many technologies are now available in the parlour, in robots, and in an exit
or feed alley. Until recently, most precision dairy monitoring technologies worked with 3-axis
accelerometers with different algorithms applied, but advanced imaging is now becoming more
commonly used (Groher et al. 2020; Stone 2020).
There are two types of precision dairy technology, one is about management, where animals are
monitored in real time through behavioural monitoring, milk production, milk composition, video
analysis, temperature monitoring or record analysis (Maltz 2010). The other type is diagnostic
screening, which can help detect hypocalcaemia, hyperkalaemia, uterine inflammation, lameness
and mastitis in cows. For example, Tsai et al. (2021) found that metritis, hyperketonaemia and
hypocalcaemia could be determined by monitoring dairy cattle's lying time, step count, lying
bouts, rumination time, eating time, time around the feed bunk through dairy product monitoring
techniques(Tsai et al. 2021).
The aim of the study is to provide a macroscopic overview of the main features of the
available technologies in precision livestock farming based on a bibliometric analysis to
show the current research progress in precision dairy monitoring.
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Materials and Methods
Publication trends in related literature
Scopus is an all-science abstracting and indexing (A&I) database. It covers over 14,000
scientific, technical, medical and social science titles from 4,000 publishers. And it offers new
sorting and refining features so that researchers can easily find and access more than 27 million
abstracts and citations stretching back to the mid-1960s. The data for this study retrieved from
Scopus: "Precision Livestock Farming Technologies" and "Precision Dairy Monitoring" were
used as keyword search topics. The time span was set from 1990 to 2020. Each publication in
Scopus contains many details, including year of publication, author, author address, title,
abstract, original journal, subject category and references. The following topics are analysed
using Excel and VOSviewer: (1) output and growth trends of publications; (2) authors and their
collaborations; (3) research directions; (4) reference analysis; (5) reference and collaborationcitation analysis.
Cluster analysis methods
The software VOSviewer was used to visualise the data in the literature. VOSviewer is a free
JAVA-based software developed by Van Eck and Waltman of The Centre for Science and
Technology Studies (CWTS) at Leiden University in the Netherlands in 2009. It is mainly
oriented towards the analysis of documentary data and is adapted to the analysis of unimodal
networks with a focus on the visualisation of scientific knowledge. It supports the import and
analysis of bibliographic databases, generic web data and textual data. VOSviewer provides
three types of visualisation views. network visualization, overlay visualization, and density
visualization (Van Eck and Waltman 2010).
After searching the keywords "Precision Livestock Farming Technologies" and "Precision
Dairy Monitoring" by SCOPUS, information about the relevant literature is exported for use in
VOSviewer and analysed with regard to authors, research directions, citation analysis, etc.
Results and Discussion
Trends in literature publishing
In brief, about 20 publications related to Precision dairy monitoring were published between
1990 and 2005. The number of relevant publications has increased significantly since 2011 and
has continued to increase in the last two years, indicating that researchers are paying a particular
attention to Precision dairy monitoring more extensively and in depth.
Network Analysis
Figures 1 and 2 show the network visualization and the Overlay visualization for "Precision
dairy monitoring" respectively. In Figure 1, the circles represent the occurrence of a term, the
higher the size, the higher the occurrence of a term in the abstracts and titles. The overall distance
between terms provides information on their relatedness. The shorter the distance between terms,
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the stronger their relation. The relatedness of terms is determined by counting the number of
times that terms occur together in the titles and abstracts. The colour of the element represents
the cluster to which it belongs, with different clusters represented by different colours. This view
allows you to see the structure of each individual cluster. In Figure 2, the colour mapping is
done by taking the score value by the average year of the keywords.

Figure 1. Network visualization of precision dairy monitoring.

Figure 2. Analysis of precision dairy monitoring with time information.
Figure 1 shows the results of the density visualization based on the keywords used, and we can
see in the graphic that there are four clusters. Starting from the left, we can see that precision
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livestock farming itself forms a cluster, followed by clusters of monitoring, such as machine
learning, computer vision, sensors, etc. Next, in the centre, we can see the cluster of animals,
related to almost all the keywords, mainly about dairy and diseases of dairy cattle. Finally, on
the right side, we see milk, quality control, dairy products, which indicates that this cluster is
related to emulsions. The largest circles in Figure 1 are animals and precision livestock farming,
followed by agriculture and cattle, and these four words are associated with almost all the key
words.
The colours in Figure 1 can be divided into approximately three, purple, green and yellow. The
purple cluster is more detached from the other two clusters and is mainly in the direction of
milk and dairy products. The green and yellow clusters are more mixed, and they are basically
related to precision monitoring of dairy cattle. The green cluster is more oriented towards
precision livestock farming and the yellow cluster is more oriented towards physiological
monitoring, diseases of dairy cattle.
Conclusions
Precision dairy monitoring is the use of animal information, science and technology to
implement regular and quantitative feeding based on individual differences, with the aim of
scaling up production output, achieving low costs and high efficiency, improving individual
animal contribution, and ensuring the safety and quality of livestock products. This paper
provides a macro-overview of the main features of existing precision livestock technologies for
dairy monitoring by analysing the number of publications, research trends, authors and their
collaborations, countries of publication and many other aspects of the relevant literature in the
last 30 years to demonstrate the current research progress in precision monitoring of dairy cattle.
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Abstract
The wastage of sea-food has grown over the years with millions of tons of perishables becoming waste
even before reaching the market. Shrimp is one of the majorly affected food categories that undergoes
early deterioration due to fluctuations in storage conditions throughout the supply chain. Frozen shrimp
repeatedly undergo cycles of freezing and thawing that affects the product quality and shelf-life alike.
To tackle this issue, there have been several developments in the food monitoring system since 2010.
Use of Raman spectroscopy in portable probes is one of the least time consuming and non-destructive
technologies in use. Due to its power of penetration, it can potentially monitor and report the changes
in molecular structure of frozen shrimp with respect to variations in temperature.
In this study, based on the data collected from the shrimp at each possible storage temperature, a
standardised database will be established that can be used as a scale to monitor the storage conditions
at each stage of transport. The quality of the product can then be ascertained based on the deviation of
data measured at varying storage temperatures from the established standard.
Introduction
Shrimp is a class of seafood, comprised of various species that possess high nutritive values. They are
highly perishable. They undergo biochemical and microbial changes during storage, thus affecting their
shelf-life. In order to increase the shelf-life of shrimp, it is frozen to limit their microbial and enzymatic
activities (Careche et al. 2002).
The frozen food chain is susceptible to temperature fluctuations due to improper commercial handling
and distribution (Bhobe and Pai, 1986). This may bring about quality changes in the final product such
as protein denaturation, recrystallisation of ice and sublimation. In severe cases this might also cause
dehydration, drip loss and weight loss (Tsironi et al. 2009). Other molecular and structural changes may
also take place when there is intermittent thawing and refreezing, such as reduced water binding
capacity and development of rancid flavours (Hegna et al. 2020).
In order to ensure that the product is still fit for consumption after it goes through the whole cold supply
chain, there must be a standardised data set to measure the quality of the product. Spectroscopic methods
such as Raman have the ability to analyse the bonds present in the food components to detect the
chemical, physical and organic structure of the food (Romo-Figueroa et al. 2004). This database of the
food matrix, obtained from Raman probes can be used by respective authorities to measure the
molecular alterations occurring in the product with variable temperature conditions relevant to cold
chain and may aid in shelf-life optimisation of packaged shrimp (Tsironi et al. 2009). Since the Raman
probes used in the experiment are portable, this will help in the maintenance of the optimal storage
conditions thereby improving the cold chain management as well.
The objective of this study is to establish a standard database for the molecular composition of
the frozen shrimp at various operating temperatures using Raman spectroscopy in order to
predict the quality of the shrimp as it gets transported through the cold chain.
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Materials and Methods
Sample preparation
Shrimp frozen at -20°C will be taken as the control for the study. The frozen shrimp will be subjected
to temperature fluctuations for a specified period of time, mimicking the temperature deviation that may
occur during its transport, retail storage and delayed shipping. The tests will be performed in triplicate
and each sample will undergo a similar freeze- thaw cycle (Abramczyk et al. 2020).
Raman spectrometer specification and settings
The multimode spectrum stabilized laser module lab version-Raman spectrometer, provided by ocean
optics will be used for the study. The data from the portable Raman probe will be accessed from
University of Nantes, France. The spectrometer will be integrated with a transportable cooling enclosure
that will provide the required temperature conditions. The spectra at 785 nm will be used for the
analytical model to establish the database (Abramczyk et al. 2020).
Experimental procedure
The cleaned and packed, frozen shrimp maintained at -20°C will be placed on the table. The Raman
probe equipped with excitation lasers and detectors will be used to measure the emerging signals
without causing damage to the cell structure. The laser intensity will be adjusted based on the species
requirement along with the spectral range. The spectral range and penetrability capacity of the light will
be recorded to establish the standard database (Zhang et al. 2018). This experiment will be repeated to
test the acceptability of the results. Similarly, shrimp stored at the other two temperature conditions will
also be tested using the probe.

Fig 1. Use of portable Raman probe to analyse food matrices (NWE, 2021)
Procurement and analysis of data
The incident light that falls on the food matrix, based on its molecular composition, gets scattered as
Raman spectra, which will reveal the chemical bonds and functional groups present in the food matrix.
The analysis will be performed using the Oceanview software. Multivariate statistical analysis will be
used to simplify and structure the set of data obtained. Excel will be used for one way analysis of
variance (ANOVA), with a significance level of p<0.05. The conformational changes in structure and
changes in chemometrics will be established using regression analysis. Once the results are established,
MATLAB will be used for statistical data exploration and to plot the area under specific data points
(Tsironi et al. 2009).
Results and Discussion
Expected results
It is observed that Raman spectroscopy has been able to identify the changes in the structure and
composition of food matrices without causing destruction to the samples. Since this technique has no
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sample preparation step required the analysis can be performed instantly (De Biasio et al. 2015). The
data thus obtained will then be utilised to make the standardised data set. This data set will be tested for
its repeatability before it can be used for comparison study, or to draw conclusions on the final quality
of the sample.
It is expected that under temperature deviations, the frozen shrimp will undergo multiple rapid freezethaw cycles that can result in destruction of the ice crystals and water loss due to dripping. This might
result in a denser protein structure causing hardness and weight loss in the final product (Romo-Figueroa
et al. 2004).
The expected data will be used to analyse the amount of reduction in alpha-helix structure which occurs
in shrimp as an indication of denaturation of the protein. The spectra showing the measure of myosin
content in the tissues, can also be used to analyse the stability of myosin, which is regarded as a major
criterion for detection of the quality of the frozen shrimp (Zhang et al. 2018).

Fig 2. Typical Raman bands showing molecular composition in food sample (De Biasio et al. 2015)
It is known that covalent bonds present in protein get altered during a freeze-thaw cycle. By measuring
the amount of disulphide and carbonyl bonds disrupted, the level of oxidative changes in shrimp can be
noted. The spectral data collected for the three temperature ranges will then be plotted for each
repetition.
The results from the plots will be interpreted using supervised chemometric methods which might be
necessary for the complex food matrices involved. The analysis might also depend on methods such as
principal component regression (PCR) and artificial neural networks (ANN) if necessary.
Conclusion
Among all the widely used spectrometric methods, the Raman spectroscopy data has been the muchsought method lately due to its advantages such as sensitivity, reliability and non-destructive
technology. Use of Raman spectra on food matrices is still in its nascent stages due to the complexity
of the food matrices and the variations that it may cause during data collection. This study will attempt
to establish a database for frozen shrimp at three different temperature ranges that a shrimp gets
subjected to. By the use of novel data processing techniques such as chemometrics and artificial neural
networks this study is expected to construct a reliable and repeatable database on the molecular
structure based on the alpha helix structure, the stability of myosin filaments and the amount of covalent
bonds present in the sample.
This database can then be used to compare the new spectra arising from the test samples to allow the
practitioner to detect the quality of the shrimp and make suitable arrangements to check the points of
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deviation in the supply chain, thereby ensuring the quality of the product and reducing its overall
wastage.
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Abstract

The trend to treat lifestyle disorders including Alzheimer's disease, arthritis, cholesterol, asthma, cancer
and diabetes mellitus (DM) by natural medication using bioactive compounds from natural sources has
captured the entire pharmaceutical as well as nutraceutical industries. Presently, ultrasound assisted
extraction technique is considered as one of the greenest technologies for extraction of bioactive
compounds. It has proven to be a valuable asset in enhancing the yield of extraction subjected to quality
and quantity. This review aims at identifying the opportunities and challenges associated with this
technology. In addition nano-encapsulation of these extracted compounds are also discussed, it covers
various aspects and advantages of encapsulation. Certain examples of extracted antidiabetic compounds
from various sources have also been discussed.
Introduction
Antidiabetic compounds are present in various plant extracts and are classified as secondary
metabolites. These antidiabetic compounds such as saponins consist of insulin-receptor (IR) binding
properties that can interact with IR of the cell, thus affecting the phosphoinositide-3-kinase /protein
kinase B pathways by enhancing the kinase activity and increasing the amount of phospho-IR protein,
thereby improving glucose absorption level of the cell in human body (Lo et al 2014; liu et al 2021).
However, for the better application and consumption of these compounds it requires enhanced
extraction strategies. Some of the conventional extraction strategies which are widely used are soxhlet
extraction, maceration and hydrodistillation, however these techniques have few downsides including
extensive solvent and time consumption. To overcome these drawbacks and enhance the overall yield
of bioactive compounds advanced extraction techniques also known as “green techniques” are
introduced including ultrasound assisted, enzyme-assisted, microwave-assisted, pulsed electric field
assisted, supercritical fluid and pressurized liquid extraction. These techniques reduce the extraction
time and utilization of chemical solvents. Out of all the extraction strategies this review aims to provide
a comprehensive summary on ultrasound- assisted extraction of antidiabetic compounds and their nanoencapsulation.
The major objectives of this study are in two folds: Firstly to extract antidiabetic bioactive
compounds from plant material employing ultrasound assisted technique; and secondly to nanoencapsulate this extracted bioactive compound for injection in the human body against diabetes
mellitus.
Ultrasound Extraction
Ultrasound also known as non-thermal processing system comprises an extraordinary sound wave that
is beyond the hearing tendency of the human ear. It lies in the range of 20 kHz to 100 MHz (power
ultrasound) and has the potential to cause cavitation (implosion of gas bubbles) with sound intensities
of 10 to 1000 W/cm2 as it passes through the medium (Rastogi et al 2011). When these cavitation
bubbles collapse it liberates energy that increases the temperature and pressure of the medium up to
4000 K and 1000 atm, respectively. Further these energies are capable of causing physical, mechanical
and chemical variations to the food sample by the development of extreme pressure, temperature and
shear level in the liquid medium through which they are passed. The mechanism behind extraction of
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bioactive compounds assisted by ultrasound works on two major principles (1) the diffusion across the
cell wall and (b) rinsing the contents of the cell after breaking the walls (Mason et al 1996). In addition,
solvent to matrix ratio, milling degree, particle size and solvent type of the sample as well as sonication
condition (temperature, pressure, frequency and time) are the main factors which play a vital role in the
extraction process to achieve efficient extraction. Generally, water soluble compounds including
Anthocyanins, tannins, saponins and terpenoids are extracted in water while compounds like flavonol,
polyphenols and alkaloids are extracted in solvents including ethanol, ethers and methanol (Azmir et al
2013).
Ultrasound assisted extraction of bioactive compounds
Ultrasound when combined with conventional extraction techniques it enhances the quality and yield
percentage of compounds. A review article by Rastogi et al (2011) reported that incorporation of this
novel technique improved the yield percentage of anthocyanins and phycocyanin extracted from
crushed grapes and S. platensis respectively. Similarly, lutin content extracted from egg yolk was
enhanced by using solvent extraction assisted by ultrasound. Further when it was combined with
microwave extraction, the efficacy of pigment extraction from strawberry was improved. Moreover
compounds like triterpene saponins extracted from rosemary, gardenia fruits and M. citrifolia were
enhanced by the application of ultrasound.
Saponins, widely found in soybeans (Glycine max), chickpeas (Cicer arietinum) and bitter gourds
(Memoridica charentia) is a water soluble compound and can be extracted in water, but to achieve better
quality and quantity yield ultrasound assisted extraction is techniques are practiced. Gaete-Garretón et
al (2011) extracted the bioactive compounds from Quillaja Saponaria Molina using ultrasound assisted
extraction technique and after 20 min exposure 12% saponins was extracted. As shown in table 1, a
similar report was recorded by Espinoza et al (2021), about 20% of saponin was extracted from quinoa
after 12 mins of ultrasonic exposure.
Solvent
Water

50%Eth
anol

70%
ethanol

30%
Ethanol

99%
Methan
ol

Table 1. Key finding on ultrasound assisted extraction technique
Source
Dilution Treatment
Compounds and
ratio
Condition
extraction rate
(mL/g)
Bitter Gourd
4
12/68.4
polyphenols 104.5 mg
(Momordica
(mins/°C)
GAE/g, proteins 46.2
charantia)
mg/1000 mL and
antioxidant activity
69.9%.
Chinese date
36
381/50
Saponin 15.54 %
(Zizyphus
(W/mins)
jujuba Mil var.
Spinose) leaves
exert
Quinoa
50
100 /30/ 12
Saponin 20 %; 87.54%
(chenopodium
(W/kHz/mins) foam stability; 52.49
quinoa) wild
units of emulsifier
activity per milliliter
(UAE/ml)
Lychee seeds
62.66
276/ 30/ 47
Saponin 51 %
(Litchi
(W/ min/ °C)
chinensis)
Sea urchins
gonad

0.66

40/ 35/ 30-60
(kHz/ °C /min)
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Saponin 4.62 %

Ref.
Chakraborty
et al 2020

Sun et al
2021

Espinoza et
al 2021

Fan et al
2020

Yusuf et al
2020

78.2 %
Ethanol
Water

(Diadema
setosum)
Alfalfa
(Medicago
sativa)
Soapberry
(Sapindus
rarak)

11.4
50

112.0/76.8/2.8
4
(W/°C/ h)
280/40/50
(W/kHz/°C)

Saponin 1.61; 18.6%
bio accessibility

Hadidi et al
2020

Saponin 3.45%

Nafiunisa et
al 2019

Isolation
Isolation of these compounds is still a challenge due to its unique molecular structure including its OH,
CH 3, or COOH, in the aglycone moiety. Moreover, arrangement and number of sugar units attached
to aglycone moiety plays a vital role in its isolation process. These high polar non-volatile compounds
are resistant towards chemical and thermal treatments. Generally, techniques like thin layer
chromatography (TLC), column chromatography (CC), low pressure liquid chromatography (LPLC),
medium pressure liquid chromatography (MPLC) and high performance liquid chromatography
(HPLC) are incorporated to isolate antidiabetic compounds including saponins (Majinda et al 2012).
Jayalakshmi et al (2021) isolated bioactive compounds from Euphorbia cotinifolia by column
chromatography using silica gel.
Nano encapsulation
Several anti-diabetic compounds (alkaloids, flavonoids, triterpenes, saponins and polysaccharids)
isolated from plants extracts including bitter gourd (Memordica charantia), basil extract (Ocimum
basilicum), neem oil (Azadirachta indica), ajowan oil (Trachyspermum ammi L) and green tea extract
(Camellia sinensis var Assamica) are extensively used for nano encapsulation by pharmaceutical and
nutraceutical industries. Due to the bitter organoleptic profile and poor stability, the utilization of these
compounds is confined to a certain limit. Nano-encapsulation techniques help in masking bitter taste of
these compounds and keeping the compounds intact within a protective layer using a significant wall
material. Some of the commonly used wall materials also known as nanocarriers are chitosan, alginate,
whey protein and zein (Maestrelli et al 2006).
Encapsulation is carried out in various ways including emulsion/interfacial polymerisation,
emulsification/coacervation and mechanical methods including spray drying, pray-cooling, spraycongealing/prilling, freeze-drying, electrodynamic methods and extrusion (Perinelli et al 2020). Reports
reveal that about 80–90% of flavour encapsulation is done using spray drying while 5-10% by spraychilling, 2-3% by melt extrusion and ∼2% by melt injection (Gupta et al 2016). Coelho (Coelho et al
2020) reports electro-spinning encapsulation as a heat free technique to encapsulate heat sensitive
compounds which tend to lose their original form and result in degradation.
Concluding Remarks
Efficient extraction of bioactive compounds in minimum time, temperature and solvents, proved it as
an effective for the pharmaceutical and nutraceutical industries. However, its low yield remains a
limitation for the researcher. Extensive research is required to isolate these compounds to enhance its
quantity. The results described in this review provides an encouragement for the coming future
researcher to develop a newer, safer, low cost and energy efficient technique using ultrasound for the
extraction of bioactive compounds from natural sources that can have the tendency to address these
metabolic disorders.
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Abstract
The use of chemical treatment for modification or improvement of product functionality is a
very common practice. These modifications often lead to label amendments. The use of
chemicals can also result in chemical waste giving environmental concerns. Consumer
awareness has increased tremendously in recent years and preferences grow for products with
minimal processing, clean labels, pesticide and chemical residue-free. Hence, the food industry
seeks innovative alternatives to current processing technologies tuned to add functionality to
diverse food systems.
Atmospheric cold plasma (ACP) has emerged as a novel processing technology, with
demonstrated efficiencies in microbial inactivation. ACP can be designed to be cost-effective,
sustainable, non-thermal and offer system and process design versatility. However, studies on
the effects of ACP and potential to modify the functional properties of foods are sparse. The
objective of this study is to determine the effect of ACP on physico-chemical and functional
properties of wheat flour. In this study, both whole wheat grains and wheat flour were
subjected to a dielectric barrier discharge (DBD) contained plasma reactor for a range of
treatment times (5–30 min) at 80 kV (Fig 1). The effect of ACP on flour hydration properties,
gel hydration properties, color, X-ray diffraction, rapid visco analysis differential scanning
colorimetry were studied for wheat flour. Plasma treatment increased the flour hydration
properties of wheat flour. A significant difference (p < 0.05) was found between control
(2.07 ± 0.04 g/g) and PTF-30 (2.87 ± 0.16 g/g). The Whiteness index increased with treatment
time compared to control (86.70 ± 0.003) for all flour samples. Rapid visco-analyser results
showed an increase in pasting and the final viscosities of wheat flour. The decrease in both
endothermic enthalpies and crystallinity was attributed to the depolymerization of starch and
plasma-induced changes. Overall DBD-ACP treatment can be tailored to develop a plasma
process with potential to improve functionality of wheat flour.

Fig 1: Schematics of DBD reactor for wheat grain and flour treatment
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Abstract
Various microbiological challenges have been associated with poultry meat such as spoilage,
pathogenic infection, and quality deterioration, which provoke major public health risks and
economic losses. Non-thermal technology such as atmospheric cold plasma is being
investigated for application to control microbial contamination of an increasing range of food
products while ensuring quality retention. The present project proposes a framework of
interventions to control the risks of contamination in the poultry processing chain by
Salmonella spp and Campylobacter spp by applying cold plasma technology treatments
separately and in combination with natural compounds. The overall aims are to investigate the
modes of plasma applications for controlling contamination and to determine the key
formulations governing the antimicrobial efficacy of both liquid and dry modes of delivery.
The chemistry and the antimicrobial efficacy of plasma functionalized water (PFW) was
assessed in terms of plasma process parameters. Deionized water was functionalized by
treatment with different plasma devices, namely the reactive species specificity (RSS) pin
system comprising spark or glow discharge and the microwave discharge based (Mini-MIP)
system. The antimicrobial potential of PFW was considered against Campylobacter jejuni
NCTC 11168 and Salmonella Typhimurium ATCC 14028 as planktonic cell in suspensions, as
well as mono-species biofilms formed on six food contact surfaces material. Results illustrated
that PFW/Mini-MIP has a significant bactericidal effect, which is a function of the plasma
process parameters; generation time, PFW volume, and the contact time. The volumes of liquid
exposed to different generation times effected S. Typhimurium and C. jejuni survival aligned
with the concentration of reactive oxygen and nitrogen species (RONS) concentrations (Nitrite
(NO2), Nitrate (NO3), and peroxide species). Using volumes less than 300 ml generation
volume, water exposed to plasma for a longer generation time attained the highest microbial
reduction of 7-8 log10 and 9-10 log10 CFU/ml for S. Typhimurium and C. jejuni in suspension,
respectively, within 15s of contact time. Longer contact times were required for the inactivation
of mature S. Typhimurium biofilms. For the PFW/RSS, combining spark and glow discharge
treatment enhanced pathogen inactivation potential. PFW is an effective approach to rapidly
control poultry-related pathogens in different physiological states- planktonic cells and
biofilms.
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Abstract
With a series of shortcomings exposed by conventional food processing methods, researchers
have employed a green and sustainable innovative processing technology. Compared with
traditional methods, cavitation-based processing technology has received extensive attention
for its low energy consumption, less pollution, and high product quality. The cavitation
phenomenon releases high energy due to the generation and collapse of bubbles, which
improves the efficiency of various food processing. In the research, hemp meal was used to
study the effect of ultrasonic cavitation on protein extraction. Ultrasonic treatment may
effectively improve the extraction rate and yield of hemp protein.
Keywords: Ultrasonic cavitation; Extraction of hemp protein; Protein contents determination
and amino acid profiling.
Introduction
Many food ingredients and food products are thermally sensitive and vulnerable to chemical,
physical and microbiological changes, which may lead to losses of some useful components.
In addition, low production efficiency, time, and energy consuming may occur during the
application of conventional food processing methods. These shortcomings have led to the dawn
of new sustainable, green and innovative techniques in food processing. In recent years, food
technology based on cavitation has become a hot research topic for its low energy consumption,
less pollution and high food quality in food processing, including blanching, filtration,
defoaming, degassing, cooking, drying, preservation, extraction, etc. Cavitation phenomenon
usually involves the generation, growth and collapse of bubbles due to changes in external
forces, resulting in high local energy density (Gogate and Kabadi, 2009). Regarding the
mechanisms of generation, cavitation is generally divided into four types, including acoustic,
hydrodynamic, optical and particle cavitation. Among them, when considering the feasibility
of operation and the possibility of obtaining high-quality and high-yield performance in food,
acoustic cavitation, mainly ultrasound cavitation, is commonly used in food processing
(Asaithambi et al., 2019).
Cavitation phenomenon aforementioned is of benefit to improve food processing techniques.
In a liquid solid system, the high temperature and pressure generated by bubble implosion can
break down water molecules into active free radicals like H+ and OH-. These radicals could
accelerate certain chemical reactions and modify other molecules (Riesz and Kondo, 1992). In
addition, micro-streaming created by bubbles can generate violent agitation that does help to
the blend of reactants and enhance heat and mass transfer during the processing (Simal et al.,
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1998). Besides the acoustic effects produced by cavitation, heat can be generated from part of
ultrasound energies and benefit various processes including thawing, homogenization, drying,
pasteurization, etc.(Tao and Sun, 2015). In terms of gas and solid systems, no cavitation occurs.
Pressure difference at gas/solid interfaces can be produced by the alternative compression and
rarefaction of ultrasonic waves, which reduce the diffusion boundary layer and promote the
mass transfer (García-Pérez et al., 2007).
Extraction is an important part of food processing, especially for some natural food ingredients
that are beneficial to people's health and life. People's demand for reduced energy consumption,
reduced pollution and high-quality extracts continues to stimulate the development and
optimization of extraction technology. In recent years, many green extraction technologies are
widely used including ultrasound-assisted extraction (UAE), microwave-assisted extraction
(MWE), sub-critical and supercritical fluid extraction (SFE) and enzyme assisted extraction.
Conventional extraction methods such as Soxhlet extraction and solid-liquid extraction require
a long processing time, and the use of certain toxic organic solvents will bring some food safety
problems. Ultrasound had been recognized as an effective extraction technology with shorter
processing time, higher food quality, reduced environmental pollution compared to traditional
food processing technologies (Chemat et al., 2011). Some studies on the extraction of plant
components, such as protein, polyphenol, lipid and oil, as well as pigments, have shown that
higher yields and shorter process time were obtained by UAE as compared to the traditional
methods (Panda and Manickam, 2019).
The objective of this study was to research the cavitation effects of ultrasonic cavitation
and its influence on the extraction of hemp protein. The ultrasonic treatment of hemp was
studied, and protein content determination and amino acid profile were discussed.
Material and Method
Power and intensity of ultrasonic instruments
The actual ultrasonic energy and power input can be measured by using the calorimetric
method (Preece et al., 2017): Q=cmΔT, where Q is the energy input as heat (J), m is the mass
of water (kg), and c is the specific heat capacity (specific heat capacity of water, (4181 J kg-1
K-1)) and ΔT are temperature changes (K). Assuming that all energy has been converted to heat
in the system, the power input is calculated by dividing the energy input by the treatment time
(in seconds). Therefore, the sound intensity of ultrasonic instruments of different frequencies
and powers can be measured.
Ultrasonic treatment
10 g of hemp meal is weighed and added to a 200 mL of 0.25 M NaOH. The ultrasound
treatment of different frequencies and powers is applied to the solution with different
processing time (2, 4, 6, 8, and 10 min). The solution is centrifuged for 15min at 5000 rpm and
4 °C. The resulting supernatant is then adjusted to pH 5 with HCl (0.3 M). The solution is then
centrifuged for 15min at 5000 rpm and 4 °C to obtain the protein pellet. The protein pellet is
dried in the oven.
Protein contents determination
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For hemp samples, a 6.25×N protein conversion factor was used to determine the protein
content from the measured nitrogen content according to Ochoa-Rivas et al. (Ochoa-Rivas et
al., 2017).
Amino acid profiling
The complete amino acid profile was determined with the HPLC method of the Association of
Official Analytical Chemists (AOAC) (Ochoa-Rivas et al., 2017).
Expected Results
In order to understand the mechanism of ultrasound cavitation on hemp meal, it is necessary to
obtain the extraction rate and yield of hemp protein. First of all, it can be predicted that
compared with the control group (without ultrasound treatment), ultrasound can effectively
improve the protein extraction rate and yield. Secondly, for different power ultrasonic
treatments, the effect on the extraction rate and yield of the protein should be different.
According to the literature, the optimal ultrasonic extraction time for different plant protein
extraction will be different. Regarding the effect of sonication on the amino acid profile, it is
currently unpredictable.
Conclusion
Hemp protein extraction was produced by alkaline extraction and ultrasonic treatment. The
effect of ultrasonic cavitation on the extraction of hemp protein was studied, including protein
contents determination and amino acid profile. Ultrasound treatment is predicted to increase
the rate and yield of protein extracted from hemp, which may be due to cell destruction caused
by cavitation effects. Specific and detailed conclusions and mechanisms require actual research
and discussion.
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Abstract
Tremella fuciformis is rich in protein, polysaccharide, a variety of minerals, trace elements,
vitamins and dietary fiber. Polysaccharides are accepted as the main functional bioactive
components in Tremella fuciformis.Deep eutectic solvents (DESs) are made by combining two or
three inexpensive and safe chemicals as environmental friendly functional monomers, which
attracts attentions these years. In this paper, nine temperature-responsive deep eutectic solvents
(TRDESs) were applied on polysaccharides extraction of Tremella fuciformis. These factors
involved into extractions were performed including type and concentration of TRDESs,
extraction time, PH, liquid-solid ratio. TRDESs could be recycled and reused after two phases
formed below the UCST of TRDESs with the Tremella fuciformis polysaccharide. The cyclic
stability of TRDESs was investigated into some aspects like extraction ability of extractant,
structure-function of polysaccharides after some recycles of TRDESs. Last but not the least, two
contents in TRDESs (the hydrogen bond donors (HBDs) and hydrogen bond acceptors (HBAs))
can be recovered with carbon dioxide and nitrogen test followed by the cyclic tests. What’s more,
density functional theory (DFT) calculations and hole theory show that hydrogen bond
interaction and HBAs are main reasons affecting extraction. This paper offers a exploration of
application of recyclable DESs and their physicochemical properties of various bioactive
compounds from mushroom.
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Abstract
The global food production , driven in part by population growth, depends on arable lands, which
has led to the great advance of the implementation of modern technologies in agriculture. This
study focuses on the status quo of the application of big data in arable farming of six representative
cereal crops (i.e., wheat, rice, maize, millet, barley and oat) from a bibliometric perspective. To
have a clear grasp on the big picture of the six staple cereal crops in terms of farming, 1536
publications were found to set up a benchmark group. Then the retrieval method of the
combination of “big data” and the six concrete cereal crops were applied to collect 121
publications. Two groups of publications were imported into VOSviewer to visualize and analyse
the outcomes. The results indicate that: (1) subject categories concerning genetics are irrelevant
to the topic; (2) remote sensing and algorithms are the two significant technologies that are
implemented in terms of the application of big data in arable farming with a particular focus on
cereal crops.
Introduction
It is estimated that, by 2050, the world's population will reach 9.1 billion, thus food production
must be increased by 70% to feed all these people (Fahad, 2020). Under the effect of this,
increasing the efficiency of croplands utilization has become an imperative strategy. To this
end, large datasets (big data) of information in terms of geography, soil, climate, crop, former
yield can be implemented to achieve specific treatment of each piece of land in order to realize
their potential at the least environment cost, which is overlapped with the broad concept of
precision agriculture (PA) (Pedersen, 2017). While precision agriculture lays more stress on
the in-field data, in addition to what PA involves, smart farming technology also covers the
analysis of more multifarious data (Wolfert et al. 2017), which means SFT is a more
comprehensive concept (Pedersen, 2017). Digital farming is another similar concept evolving
out of PA (Klerkx et al. 2019; Shepherd et al. 2020). The three concepts are all data-based or,
in another way, digitalized application in agriculture, which, can therefore be greatly enhanced
by the extensive use of big data technologies. Arable farming is an opposite concept to that of
permanent crop farming, which is a farming type that is used to cultivate arable crops (Aravind
et al. 2017). Precision agriculture, smart farming technology and digital farming can be used
not only in arable farming, but in all other farming systems including livestock and horticulture)
(Pedersen, 2017). In this study, the impact of big data applications on cereal crops such as
wheat, rice, maize, millet, barley and oat is taken into consideration.
To have a grasp on the status quo and research trends of the application of big data in cereal
crops, a bibliometric analysis is used to quantitatively assess the academic literature, which
provides a comprehensive understanding of a specific research topic from both macroscopic
and multi-dimensional perspectives (Bouzembrak et al. 2019). For this purpose, VOSviewer is
applied to process publications in the form of maps.
The objective of this study is to present the status quo of the application of big data in
arable farming focusing on six representative cereal crops (i.e., wheat, rice, maize, millet,
barley and oat) from a macroscopic perspective by analyzing publications related to this
field.
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Materials and Methods
Data collection
Web of science core collection database is used for searching experimental data, namely,
publications and the timespan was set from 1991 to 2021. There are three groups of search
terms involved in this research: (1) Term 1: “big data”; (2) Term 2: “farming” and (3) Term 3:
one of the six cereal crops. The three sets of search terms need to be used in combination to
collect research data. The easiest way should have been, obviously, combining three sets of
keywords (e.g. “big data”, “farming” and a specific cereal crop). But this combination can
only result in 11 publications. In order to increase the amount of experimental data, only
retrieval method of “big data” and one of the six cereal crops was used and resulted
in 121 publications. But the disadvantage of the retrieval method is that publications that were
unrelated to the field of farming are included, since the term “wheat” not only indicates a kind
of crop (farming), but the food (food science) or the commodity (business), and the seed in
terms of breeding and other molecular-level research. Therefore, a more comprehensive
retrieval method was applied to build up a group only considering the field of farming as a
benchmark to make a comparison with the 121 publications. The method combined “precision
agriculture”, “smart agriculture”, “digital agriculture” (or their synonyms) with the six cereal
crops and 1536 publications were found. Details of the number of publications found are
presented in Table 1.
Table 1. The number of publications retrieved by different combinations of search terms related
to big data research in cereal crops
Search terms
wheat
rice
maize
barley
millet
oat
Sum
(paddy)
Big data
53
56
34
7
1
2
121
Benchmark group
Precision agriculture
703
257
285
76
16
24
Precision farming
172
73
65
34
5
5
Smart agriculture
43
82
82
3
5
0
Smart farming
16
24
6
2
2
0
Digital agriculture
11
2
7
0
0
0
Digital farming
9
1
2
0
0
1
1536
Data analysis
VOSviewer was utilized to visualize the bibliometric indicators of two groups of publications
in the form of chart or map and analyze the results. VOSviewer is a freely-available software
developed by Leiden University (the Netherlands) that focuses on building bibliometric maps
based on network data (van Eck and Waltman, 2010). The basic steps involve (1) data download,
(2) data importing and (3) mapping and adjustment.
Results and Discussion
Fig. 1 shows a map of terms analysis of the benchmark group produced by VOSviewer, which
were identified by the natural language processing algorithms developed by VOSviewer,
presenting the most frequent terminologies that occurred in the text (van Eck, 2020). Each circle
represents a term, the size of which indicates the frequency of the term, the color represents the
cluster, the lines between circles indicate their links and the distance between the two circles
show the relatedness. As is shown in the map, four clusters are presented, of which most
frequent items in the red clusters are “index”, “stage”, “NDVI” (normalized difference
vegetation index) and “monitoring”, indicating that the main subject of the red cluster is the
application of remote sensing imagery in monitoring crop growth stage, and items like “plant
height” and “biomass” reinforce the suggestion. In the same way, the green cluster appears to
be related to the practice of modern agriculture technology in farms, the yellow cluster suggests
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the detection algorithm of weed based on UAV (unmanned aerial vehicle) image and the blue
cluster implicates soil science.

Figure 1. Terms analysis in regard to 1536 publications (the benchmark group), with an
occurrence frequency of more than 10.
Fig. 2 presents the map of terms network of the “big data” group with 121 publications. The
items were categorized into four clusters, of which the red and blue clusters embrace items
related to the application of remote sensing algorithm and artificial intelligence in crop growth
monitoring and yield estimation, items like “image”, “algorithm”, “yield” and “NDVI” shore
up the assumption. Items such as “genotype”, “gene” and “productivity” in the green and yellow
clusters suggest genomic selection in breeding. By comparison with the map of the benchmark
group, it is unequivocal that the green and yellow cluster is irrelevant to farming. On the basis
of the above analysis, of the “big data” group, publications categorized into subject categories
of genetic heredity and biochemistry molecular biology can be easily excluded.
Conclusions

A preliminary conclusion is that big data technologies can be applied in combination
with remote sensing or algorithm to fulfill crop management and yield prediction. In
particular, state-of-the-art technologies such as remote sensing and prediction
algorithms can be applied in combination with big data technologies to improve the
efficiency of monitoring crop growth, predicting crop yields for major cereal crops such
as wheat, rice (paddy), maize, millet, barley and oat.
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Figure 2. Terms analysis of 121 publications (the “big data” group), with an occurrence
frequency of more than 5.
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Abstract:
Cronobacter sakazakii are opportunistic foodborne pathogens closely associated with lethal infection
such as meningitis and necrotizing enterocolitis in neonates. Some strains of cronobacter sakazakii are
reported to have elevated resistance against various stresses such as heat treatment and low pH. This
elevated thermal resistance facilitates survival in food production sites and increased the risk of
contamination in powdered infant formula, the major vehicle of cronobacter sakazakii transmission.
The thermal genomic island is a specific DNA region in the genome of cronobacter sakazakii
responsible for the elevated heat resistance. In this study, we checked the connection between the
presence of the thermal-resistant genomic island and the thermal resistant phenotype at a genomic level
in some cronobacter sakazakii strains and shiga-toxin E. coli (STEC) strains, another member of the
Enterobacteriaceae family. It is confirmed that the presence of thermal resistant genomic island verifies
thermal resistant phenotype in cronobacters. However, no similarity is shown in the alignment between
the short version of thermal resistant genomic island in cronobacter sakazakii and STEC.
Introduction:
PIF is defined as an industrially produced breast-milk substitute from cow milk, thus an important
source of nutrition for neonates and infants. Common hurdle technologies used to inhibit the growth of
bacteria in PIF include lowering water activity and pasteurisation. However, these techniques cannot
fully prevent growth of pathogen. Moreover, pathogens like cronobacter could be re-introduced into the
food processing system in post-pasteurisation steps and rapidly resume growth during the reconstitution
at home. (Bai et al., 2019)
Cronobacter spp are a gram-negative, non-spore forming bacillus in the family of Enterobacteriaceae.
Cronobacter is directly correlated to the severe forms of infection such as necrotizing enterocolitis and
meningitis; the mortality of infants meningtis alone is estimated to be 40% in 2019. Cronobacter
sakazakii exhibits remarkably enhanced tolerance to desiccation and heat because of trehalose
accumulation in its cells. Correspondingly, cronobacter sakazakii is a persistent contaminant in PIF,
with an estimated prevalence of 4.4% in PIF from over 5500 samples collected across the world.
Therefore, cronobacter sakazakii was chosen as the subject for this study. (Guo et al., 2018)
A cluster of genes known as thermal resistant genomic island is responsible for the increased thermal
tolerance in some cronobacter sakazakii strains. Two types of thermal genomic island are identified in
the thermal resistant cronobacter sakazakii strains, the first has the size of 18 kbp and the second has
the size 6kbp. The long version of thermal genomic island has enclosed a short genes marker that is
also found in other bacteria in the genera Enterobacter which contains Cronobacter, Enterobacter,
Citrobacter and Escherichia.(Gajdosova et al., 2011) In addition, alignments conducted between the
thermal resistant genomic island in cronobacter sakazakii could also be used to examine the evolution
of thermal resistant bacteria against environmental stress, because cronobacter sakazakii is derived from
production sites while STEC from nature (animals).
The objective of the study was to investigate the relationship between the presence of thermal
island and thermal resistant phenotype at a genomic level in Cronobacter and STEC.
Material and Method:
Materials
The cronobacter strains analysed in this study are obtained from Irish milk powder plants. The
recognized heat tolerant strain cronobacter sakazakii ATTC 29544 and heat sensitive strain CBX33349
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were used as references. A thermal tolerance genomic island gene sequence was compared with the
genomic sequence of all 20 strains. The 46 STEC strains used in this study were isolated from Irish
sheep. The short version of thermal resistant genomic island is extracted from the cronobacter sakazakii
SP291 strain while the longer version from Cronobacter sakazakii ATTC29544. NCBI BLAST tool was
used to conduct this comparison in which thermal island sequence is the subject strain and all other
strains query strains.
The BLAST Tool
The Basic Local Alignment Search Tool (BLAST) is an algorithm developed by the National Center
for Biotechnology Information (NCBI) website. As indicated Wheeler and Bhagwat, the BLAST
program rapidly aligns and compares a query nucleotide or protein sequence with those listed in
database and evaluates the statistical significance of the matches. In this research project, the BLASTn
program, a nucleotide search and alignment tool to identify similar genes for specific traits, is used to
analyse the presence of thermal tolerance genomic island in bacterial strains. The genomic sequence of
the short version thermal tolerance genomic island is used to recognize the presence or absence of the
genes result in high heat resistance. A percentage identity greater than 90% will be accepted as the
presence of thermal tolerance genomic island. (NCBI, 2021)
Statistical significance of the results shown in BLAST
The BLASTn tool uses the following scoring parameters to illustrate the extent of matching between
query and subject strains.
Max Score
Max score represents the highest alignment score between the query and subject sequences (NCBI
BLAST).
Total Score
Total score is the sum of total length of alignments or the overall match between query and subject
sequences (NCBI BLAST).
Expectation value (E-value:)
The alignments done in the BLAST tool are assigned a statistical value, called the “Expect Value, which
determines the number of hits that can be ‘expected’ to occur by change when comparing a query
sequence the sequences found in databases. The smaller the E-value, the more significant the match.
Query cover
Query cover is defined as the percentage of the query length is found in the aligned segments
Percent Identity
The Percent Identity is a number characterizes the similarity between the sequences aligned and
describes the number of identical characters from both the sequences. The higher the identity% is, the
more significant the match between the query and the subject sequences (NCBI,2021).
Graphic Summary
The graphical overview or the graphical output demonstrates a quick overview of the query sequence
and the resulting hit sequences. The extent of matching is shown in different colour codes, where red
stands for high match score and black for low match score. The higher the alignment score is, the more
significant the match and represents red colour (NCBI,2021).
Multi-locus sequence typing (MLST)
MLST is an explicit procedure that identifies isolates of microorganisms using the DNA sequence of
internal fragments of multiple (generally seven) well-chosen housekeeping genes. In a typical MLST
run, each sequence for a specific locus is examined for identity with known sequences for that locus in
the MLST database. For each house-keeping gene, the different sequences present within a microbial
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species are defined as unique alleles and, for each isolate, the alleles at each of the seven loci specify
the allelic profile or sequence type (ST). MLST analysis reveals that cronobacter sakazakii consists of
8 different sequence types and the primary neonatal pathovar are ST1, ST4 and ST12. Through MLST
analysis, this study intends to examine the connection between the ST types of cronobacter sakazakii
and the thermal resistant phenotype (Ogrodzki and Forsythe, 2017).
Result and Discussion
Alignment result from heat sensitive and heat resistant cronobacter sakazakii strains and STEC strains:
The presence of the thermal resistant genomic island and the percentage identity between the first query
strain (short version of thermal resistant genomic island isolated from cronobacter sakazakii SP291)
and the subject strains.(whole genome of cronobacter strains obtained from milk powder plants) For
thermal resistant strains, the total percentage identity is higher than 95% and the highest total percentage
identity for thermal-sensitive strain is approximately 12%. As for the alignment between the query
strain and the STEC strains, no significant similarity was found. As stated by Gajdosova et al ( 2011)
and Orieskova et.al (2016), strains with high identity with the short version of thermal resistant genomic
island are thermal resistant strains.
Table 1: Result of comparative analysis of Sequence CFS1403
Strain

CFS1403

Max Score

11112

Total Score

11112

Query Cover

100%

Expectation value

0.0

Percent Identical

99.77%

The table above illustrates the alignment result between the short thermal resistant genomic
island and the CFS1403 strain with a query cover percentage of 100%. The percent identity between

the two strains is 99.97%, which indicates the presence of the thermal resistant genomic island within
the genome of the CFS1403 strain. The low expectation value of 0 also suggests an exceptional match
and the presence of the thermal resistant genomic area.
Table 2: Result of comparative analysis of Sequence CFS1410
Strain

CFS1410

Max Score

0

Total Score

0

Query Cover

0%

Expectation value

N/A

Percent Identical

0%

The table above illustrates the alignment result between the short thermal resistant genomic
island and the CFS1410 strain with a query cover percentage of 0%. The percent identity between

the two strains is 0%, which denies the presence of the thermal resistant genomic island within the
genome of the CFS1410 strain. The low expectation value of 0 demonstrates an exceptional match.
From this table, it is apparent that CFS1410 is a thermal sensitive strain.
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ST type analysis result from MLST
Table 3: Cronobacter sakazakii strains with the thermal resistant genomic island
Strain No. Vial
Name
CFS1403
VGA01
CFS1415
VGB20
CFS1428
VGC19
CFS1440
VGE06
CFS3123
VGH01
CFS3142
VGJ10
CFS3165
VGL08
CFS3536
76027
CFS3547
80803
CFS3542
76765

ST type
1
1
4
1
1
4
1
4
4
4

From Table 3, it is evident that half of the examined cronobacter sakazakii strains are found to possess
the thermal resistant genomic island and these thermal resistant strains either belong to ST1 or ST4.
According to Joseph and Forsythe, and Yang et.al, ST1 and ST4 cronobacter sakazakii strains are major
contaminants in PIF manufacturing facilities and pathovar of neonatal infections. Table 3 confirmed the
observation of Joseph and Forsythe (Joseph and Forsythe, 2011), and Guo et.al. (Guo et al., 2018) and
explained the increased survival of ST1 and ST4.
Conclusion
Both the presence of thermal resistant genomic island and the sequence type analysis can be used to
identify the thermal resistant cronobacter sakazakii strains. No significant similarity between all STEC
strains collected naturally and the thermal resistant genomic island might be explicated with the constant
mutation/adaptation of the thermal resistant island in the genome of cronobacter sakazakii strains from
industrial environments
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Abstract
The combined effect of essential oils (EOs) (oregano, lemongrass, thyme) of 0.1-0.2%
concentration and Modified Atmosphere Packaging (MAP) at (35% CO2/65% N2) on the
quality of fresh chicken meat stored at 4°C is to be investigated within a storage trial of up to
15 days at refrigerated temperature. pH values were recorded over the storage time and
decreased from 6.4 (day 0) to 5.9 (day 15). The values of the colour parameters L, a, b was not
considerably affected by EOs. Water holding capacity varied between 19.91 ml/100 g (day 0)
and 26.15 ml/100 g (day 15). The values of the lipid peroxidation (TBARS) were not
considerably affected by the EOs. The values for texture analysis (TPA) did not change
significantly between the untreated and EOs and MAP treated samples. These preliminary
analyses indicated that EOs could be combined with MAP to determine certain
physicochemical parameters of chicken breast.
Introduction
The popularity of poultry meat has increased steadily around the world in recent years. Of the
various poultry cuts, the consumption of chicken breast fillets is becoming quite popular due to
the relatively low cost of production of a high protein food with low fat content and the
convenience of a ‘boneless’ meat portion. Due to the perishable nature of chicken meat, the
poultry industry requires shelf-life extension methods for poultry products (Moutiq et al. 2020).
The high consumption of poultry, leads to concern that the products marketed should be safe,
have a low spoilage rate and show the right composition, packaging, colour, taste and
appearance (Ntzimani et al. 2010). Modern trends to achieve this goal include the application
of the hurdle technology concept and the use of natural food preservatives in order to maintain
minimal processing and to ensure protection and quality of chicken meat (Chouliara et al.
2007).
Extracts from herbs and spices have been used traditionally to improve the sensory
characteristics and extend the shelf-life of foods. Plant EOs are regarded as ‘‘natural’’
alternatives to chemical preservatives and their use in foods meets the demand of consumers
for minimally processed products (Chouliara et al. 2007). But the practical application of
several EOs in food is limited due to their strong flavour they impart on the foods. For these
reasons the preservative effect of EOs can be utilised by using them in lower concentrations in
combination with non-thermal preservation techniques like MAP.
MAP is considered as an effective method of food preservation. It is well-known as a method
for extending the shelf-life of a variety of foods, including fresh meat and poultry. Common
gases used in MAP are carbon dioxide (to inhibit bacterial growth), oxygen (to prevent
anaerobic growth and to retain meat color) and nitrogen (to avoid oxidation of fats and pack
collapse). These gases can be applied individually or in combination in order to achieve
optimum effect, depending on the specific needs of the particular food being preserved
(Chouliara et al. 2007).
The objective of this study is to investigate the combined effect of Modified Atmospheric
Packaging and selected plant EOs on the shelf-life extension of chicken breast fillets when
stored at 4°C.
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Materials and Methods
Experimental design
For all the experiments fresh chicken samples (10g) were prepared after which an EO edible
coating was formed using a three-step process i.e., dripping, draining, drying. For dripping, a
2% Sodium Alginate solution mixed at 80°C for 30 mins was kept in a water bath at 80°C for
15 mins to remove all the bubbles from the solution. Then 0.1-0.2% concentrated EOs and 0.1
g/100ml of Tween80 emulsifier were added and the solution was then homogenized at 6500
rpm for 5 mins. The chicken samples were dipped into the prepared solutions for 2 mins, and
then drained. Following this, a CaCl2 solution of 2% was used and samples were dipped into
it for 1 min to remove the excessive coating. Then the samples were placed onto a tray for
drying. All the samples in a group of 3 were placed in a polyethylene terephthalate(rPET) single
cavity tray of dimensions 220*170*50. These trays were packaged under MAP of
35%CO2/65%N2.
The following sample treatments were prepared: The first treatment (A1, A2, A3) contained
coated chicken samples with no EOs, packaged under MAP (35%CO2/65%N2). The second
treatment was (B1, B2, B3) with 0.1% conc. of thyme EO and the third treatment (C1, C2, C3)
used 0.2% conc. of thyme EO packaged under MAP 35%CO2/65%N2. The fourth and fifth
sample treatments were (D1, D2, D3) with 0.1% conc. of oregano EO and (E1, E2, E3) with
0.2 % conc. of oregano EO packaged under MAP 35%CO2/65%N2. The sixth and seventh
treatment (F1, F2, F3) was with 0.1% conc. of lemongrass EO and (G1, G2, G3) with 0.2 %
conc. of lemongrass EO packaged under MAP 35%CO2/65%N2. The final treatment (H1, H2,
H3) had no coating and was packaged under MAP 35%CO2/65%N2. All the trays were kept at
4°C. Sampling was carried out on 0, 5, 10, 15, 20 and 25 days of storage.
Analysis of Physicochemical Properties
Color Measurement
The colour of the coated and uncoated chicken samples was quantified using a Hunter L⁎ -a⁎ b⁎ colorimeter. The observer angle was set at 10° and the light source was a standard D65
halogen lamp. Prior to evaluation of the samples, the instrument was calibrated using standard
white (L⁎ = 93.97, a⁎ = 0.88 and b⁎ = 1.21) and green (L⁎ = 56.23, a⁎ = 21.85, b⁎ = 8.31) tiles.
Colour measurement for each sample was done in triplicate and average values were taken for
reporting purpose (Moutiq et al. 2020).
Analysis of pH
A 1g sample of essential oil coated, or uncoated chicken was put in a stomacher with 9.0 ml
deionised water for 210 s. The pH of the sample was measured using a pH meter a Thermo
Scientific 710A pH/Se meter. The pH meter was calibrated with the standard buffer solutions
(pH 4.00, 7.00, and 10.00) at room temperature prior to measurements (Moutiq et al. 2020).
Water Holding Capacity (WHC)
The WHC of meat is measured via the amount of free water released by the meat after physical
pressure or force is exerted upon it. The WHC was determined using a centrifugation method
adopted from (Moutiq et al. 2020). Approx. 5 g of finely chopped chicken breast samples were
mixed with 9 ml of cold 0.8 M sodium chloride solution and placed in stomacher a Star Blender
LB-400 for 210s followed by incubation at 4 °C for 30 min. After incubation, the meat slurry
was again stirred for 1 min followed by centrifugation at 16,000 g for 20 min. The supernatant
layer was collected and measured by volume. The amount of added solution retained by the
meat is reported as the water holding capacity in ml per 100 g meat.
WHC �

𝑚𝑚𝑚𝑚
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𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 𝑜𝑜𝑜𝑜 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 (𝑚𝑚𝑚𝑚)−𝑉𝑉𝑉𝑉𝑉𝑉𝑢𝑢𝑚𝑚𝑚𝑚 𝑜𝑜𝑜𝑜 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝑚𝑚𝑚𝑚)
𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡 𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 (𝑔𝑔)
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× 100

Lipid peroxidation
TBARS was assessed on the basis of the malondialdehyde formed during refrigerated storage.
Malondialdehyde, the compound used as an index of lipid peroxidation was determined by a
selective third-order derivative spectrophotometric method, adopted from (Botsoglou et al.
1994).
Texture Analysis
Texture is a major quality concern with boneless skinless broiler breast fillets. Meat texture
sensation is dictated by the presence of several factors including the amount of intramuscular
fat, water holding capacity and actomyosin complex (Čurlej et al. 2013). However, it is the
quality of collagen, which gives toughness to meat. To measure changes on the muscle fibres
in focus to products firmness, commercially supplied chicken breast muscle was subjected to
texture analysis in raw stage using an Instron one texture analyser.
Statistical analysis
The experiments evaluating the effects of treatment time were repeated thrice and each set was
replicated five times, thereby resulting in 15 measurements. For the storage studies, all
experiments were performed in triplicates. Analysis of variance (ANOVA) was used for mean
comparison and the data was represented as mean value ± standard deviation. Statistical
significance was evaluated at p ≤ 0.05, mean differences were separated by the least
significance difference procedure by (Moutiq et al. 2020).
Results and Discussion
Changes in Color parameters
The change in colour parameters of the chicken breast samples as a function of treatment will
be summarised as the results obtained are the outcome of the preliminary analysis. The L*
(Lightness), a* (redness), b* (yellowness) values of EOs coated chicken breasts were found to
be closely related to the uncoated samples, with no statistically drastic difference between them.
The results are in agreement with those reported by (Moutiq et al. 2020).
Changes in pH parameters
Based on the preliminary results, a small but statistically significant (P<0.05) reduction in the
pH values was recorded throughout the 15 days of storage of chicken meat, probably attributed
to the production of lactic acid through the LAB metabolism. Values of pH varied between 5.93
and 6.2 (MAP packaged sample A), 5.97–6.14 (MAP packaged thyme oil 0.1%, thyme oil 0.2
% in samples B&C respectively) ,5.86-6.04 (MAP packaged oregano oil 0.1%, oregano oil
0.2% in samples D&E respectively), 5.73-6.23 (MAP packaged lemongrass oil 0.1%,
lemongrass oil 0.2% in samples F&G respectively), 5.84-6.11 (MAP packaged non-coated
sample H). The addition of EOs resulted in a slight increase in pH values indicating an inhibitive
effect on acid production while MAP had no significant effect on pH.
Change in Water Holding Capacity
The 70–75% of water in the muscles of live poultry is bound primarily to the muscle proteins.
This ability of muscle proteins to intracellularly bind about 90% of the water is referred to as
WHC (Moutiq et al. 2020). Preliminary values of WHC varied between 16.01 and 23.63 (MAP
packaged sample A), 19.1-31.22 (MAP packaged thyme oil 0.1%, thyme oil 0.2 % in samples
B&C respectively) ,18.21-26.28 (MAP packaged oregano oil 0.1%, oregano oil 0.2% in
samples D&E respectively), 13.02-28.49 (MAP packaged lemongrass oil 0.1%, lemongrass oil
0.2% in samples F&G respectively), 29.66-40.02 (MAP packaged non-coated sample H). The
addition of EOs resulted in a slight increase in WHC values.
Change in Lipid peroxidation
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The TBARS assay involves the condensation of one molecule of malonaldehyde with two
molecules of 2-thiobarbituric acid under heated acidic conditions to form a pink chromogen,
which was spectrophotometrically measured in the assay. The results of TBARS assay
indicated that the difference in mean MDA content was insignificant (p > 0.05) between control
and EOs & MAP treated samples at all treatment times (0,5,10,15,20,25 days).
Change in texture parameters
The change in TPA of the chicken breast samples as a function of treatment will be examined
in further detail. The values of EOs coated chicken breasts were found to be closely related to
the uncoated samples, with no difference between them observed. The results are in agreement
with those reported by (Čurlej et al. 2013).
Conclusion
Based on the preliminary analyses, the physicochemical parameters of chicken sample should
increase the shelf-life as after the addition of 0.1%-0.2% (oregano, thyme, lemongrass) EOs as
they provide high preservative effect and under MAP packaging (35%CO2/65%N2) should
decrease the metabolic activity of the sample as no oxygen is present thus adding to improve
the shelf-life of the chicken breast.
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Abstract
Continued use of sanitisers can develop resistance of the bacteria to the sanitisers being used.
There is evidence in the literature that MdrL, qacH, emrE, and bcrABC genes present in L.
monocytogenes can result in resistance to sanitiser agents. This research will use genomic data
from whole-genome sequencing of bacterial pathogens recovered from Irish dairy process
facilities to search for the presence of known genes that confer sanitiser resistance. After
confirming the existence of sanitiser resistance genes, the potential change in minimum inhibitory
concentration (MIC) for these isolates will be established to confirm whether the genomic
prediction is supported by laboratory MIC analysis.
Introduction
Dairy product has the perishable nature and possibility of cross-contamination from the process
environment to the product. The Irish dairy industry spends a considerable amount of money
on cleaning their equipment and process facilities. Typically, the cleaning cycle finishes with a
sanitising step using chemicals to reduce further bacterial pathogens' possibility (Mc Carlie et
al. 2020). Quaternary ammonium compounds (QACs) are the most widely used fungicides for
surface cleaning of food processing equipment. Besides, hydrogen peroxide, peroxyacetic acid
and sodium hypochlorite are also used.
Similar to the antibiotic resistance issue, there is emerging evidence in the literature that there
are certain combinations of genes, which is present in the pathogen genome can result in
resistance to sanitising agents (Deng et al. 2017). The multidrug efflux pump gene Mdrl in L.
monocytogenes is the first gene confirmed to have a relationship with its resistance to QACs
(Mata et al. 2000). Then, in some benzalkonium chloride resistant isolates, a three-gene cassette
bcrABC was found to be associated with resistance to quaternary ammonium disinfectants such
as BC. Besides, Tn6188, a chromosomally integrated transposon carrying the small multidrug
resistance transporter gene qacH was also found to contribute to BAC tolerance in some L.
monocytogenes strains (Müller et al. 2013). Recently it was reported that the tolerance of L.
monocytogenes to quaternary ammonium sanitisers is mediated by a novel efflux pump
encoded by emrE (Kovacevic et al. 2016).
However, there is currently a lack of research linking laboratory MIC analysis with genome
prediction. Therefore, in this study, the analysis of a large amount of data obtained from wholegenome sequencing through advanced bioinformatics tools can help to confirm the connection
between genes and sanitiser resistance, thereby helping the Irish dairy industry to take action if
such sanitiser resistance is identified in isolates recovered from their process facilities.
The objective of this research is to identify the presence of sanitiser resistance genomic
regions in the genomic data obtained from L.monocytogenes recovered from Irish dairy
process facilities and establish the potential change in minimum inhibitory concentration
(MIC) for these isolates.
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Materials and Methods
Whole Genome Sequencing
The L. monocytogenes isolate samples were recovered from the Irish dairy production facilities
and stored in the laboratory. Sequencing libraries were prepared using Nextera XT chemistry
(Illumina Inc., San Diego, CA, USA) for a 2 × 300 bp sequencing run on an Illumina MiSeq
sequencer. The sequencing results were converted to Fasta format files and saved.
Data analysis
The mdrl, qacH, Tn6188, emrE, bcrABC gene sequences were obtained from the NCBI
database. Then BLAST was used to align and analyze the sanitiser resistance genes with the
obtained L. monocytogenes genome sequence.
MIC determination
MICs of QACs were determined using the broth dilution method. Strains of L. monocytogenes
were tested in BHI using 96-well microtiter plates and an inoculum of 104 to 105 cells ml−1.
Growth was recorded after 24 h using a Victor2 multilabel counter set at 630 nm. The lowest
concentration of disinfectant or antibiotic totally preventing growth was taken to be the MIC.
In cases in which not all three replicates had the same results, the MIC test was performed once
more.
Results and Discussion
Preliminary gene alignment
This study has so far obtained the genome sequences of 112 L. monocytogenes isolates and four
gene sequences that have been reported to confer sanitiser resistance.
• MdrL (Genbank: MG673927.1): MdrL gene is responsible for encoding multidrug efflux MFS
transporter. According to Romanova's research, the adaptation to benzalkonium chloride (BC) of
sensitive isolates of L. monocytogenes resulted in significant increases in expression of mdrl,
which indicates that the efflux pump Mdrl is partly responsible for the adaptation to BC
(Romanova et al. 2006).
• bcrABC (Genbank: JX023284.1): Elhanafi et al. isolated BC resistant strains from the 1998–
1999 hot dog outbreak in US, and identified BC resistance-conferring bcrABC cassette on a
large plasmid pLM80 of L. monocytogenes H7550 (1998–1999 outbreak). Jana et al. also found
that bcrABC positive isolates showed high MIC values for BC and increased sensitivity to BC
was observed after plasmid curing (Dutta et al. 2013).
• Tn6188 (Genbank: HG329628.1): Tn6188 comprises 5117 bp, is integrated chromosomally
within the radC gene and consists of three transposase genes (tnpABC) as well as genes
encoding a putative transcriptional regulator and QacH, which is an SMR transporter putatively
associated with the export of BC. Paul et al. found that L. monocytogenes strains harboring
Tn6188 had significantly higher BC MIC than strains without Tn6188, and there is a significant
increase in qacH expression in the presence of BC (Müller et al. 2013).
• emrE (Genbank: CP001602.2): A novel genomic island (LGI1) was discovered in L.
monocytogenes isolates responsible for the deadliest listeriosis outbreak in Canada in 2008.
According to Jovana et al.'s research, after one h of exposure to BAC, 49.6-fold upregulation
of efflux pump gene emrE occurred and deletion of emrE resulted in increased susceptibility to
QACs of L. monocytogenes. Thus, It is conjectured that a minimal function of LGI1 is to
increase the tolerance of L. monocytogenes to QACs via emrE (Kovacevic et al. 2016b).
In the preliminary alignment period, sample 1123 was randomly selected from 112 L.
monocytogenes genome sequences and aligned with the four known sanitiser resistance gene
sequences. The alignment was performed by BLAST. The description table of results is shown
in Table 1.
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Table 1. BLAST result description table of L. monocytogenes isolate 1123 sample and four
sanitiser resistance genes
Name

Max Score

Total Score

mdrl
qacH
Tn6188
bcrABC
emrE

1147
514
9426

1147
514
9426

Query
Cover
100%
100%
100%

E value

Percent Identity

0
1.00E-146
0

84.03
91.27
99.92

No significant similarity found

In the BLAST description table, the maximum score is the highest alignment score between the
query sequence and the database segments. It is sort of inversely proportional to the e-value. Total
score is the sum of the alignment scores of all sequences from the same DB. Percent query
Coverage is the percentage of the query length that is included in the aligned segments. E-value
is the measure of likeliness that sequence similarity is not by random chance. Percent Identity
describes how similar the query is to the aligned sequences.
Two sanitiser resistance genes were found in the genome sequence of the 1123 sample. It can be
seen from the table that there are gene sequences that has 84.03% similarity to mdrL, and 99.92%
similarity to Tn6188 separately in the 1123 sample genome. Since the qacH gene is considered to
be an effective sequence in the Tn6188 transposon, it is also used to participate in gene alignment.
Figure 1 shows the alignment result of sample 1123 and qacH gene. Multiple sequence alignment
was performed by using BLAST. The presence of qacH in the test strain was confirmed, and high
similarity (91%) to the known qacH gene sequence was observed.

Figure 1. Nucleotide sequence of L. monocytogenes strain 16-LI00532-0 SMR efflux pump
(qacH) gene (Genbank: MK944277.1) and sequence of an internal 377-bp fragment in L.
monocytogenes isolate sample 1123.
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The alignment results show that there is indeed more than one sanitiser resistance gene in L.
monocytogenes recovered from dairy factory facilities. Therefore, in subsequent experiments,
more gene alignments and MIC determinations can be performed.
Conclusions
This study has found that the genome sequence of L. monocytogenes recovered from the
facilities of dairy factory facilities has gene sequences that are very similar to the known
sanitiser resistance gene sequences, so it is considered that there are more than one resistance
genes in the recovered L. monocytogenes. In subsequent experiments, more alignments and
MIC determination will be conducted, and it is expected that strains containing sanitiser
resistance genes will have higher QAC resistance.
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APPLICATION OF NEAR-INFARED (NIR) AND ULTRAVIOLETVISIBLE (UV-Vis) SPECTROSCOPY FOR VODKA ADULTERATION
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Abstract
Vodka is a very popular alcoholic beverage with a high commercial value and is often adulterated for
economical gain. However, adulteration which is an illegal practice can damage consumers’ health. In
this study, near infrared (NIR) and ultraviolet-visible (UV-Vis) spectrometry along with chemometrics
multivariate analysis were used to detect and quantify adulterants (water, ethanol, methanol) in four
different vodka brands. Calibration models were constructed using principal component regression
(PCR) and partial least squares regression (PLSR). Model predictions were compared to actual. The
technology investigated is a cheap, fast and reliable method to detect adulterants in vodka.
Introduction
Vodka is a very popular alcoholic beverage and nowadays is produced in many countries. In the EU,
vodka is defined by law to be a spirit drink produced from ethyl alcohol of agricultural origin obtained
by fermentation with yeast from either (i) potatoes and/or cereals, or (ii) other agricultural raw materials,
followed by distillation and rectification so that the organoleptic characteristics of the raw materials
used, and by-products formed in the fermentation are selectively reduced. This process may be followed
by redistillation and/or treatment with appropriate processing aids, including treatment with activated
charcoal, to give it special organoleptic characteristics (Kolomiets et al 2010).
In 2013, the Food Safety Authority of Ireland (FSAI) stated that it had identified a small quantity of
adulterated Smirnoff Red Label vodka (1 litre bottles) on the Irish market. This follows information
provided to the FSAI from the Food Standards Agency (FSA) in the UK where an investigation is
ongoing into counterfeit alcohol. Alcoholic beverages are adulterated by substituting or diluting the
original liquid with other of lesser quality like water, ethanol, or methanol (Pontes et al 2006). Although
adulteration is usually performed for economic reasons, it can cause severe health problems, especially
when alcoholic beverages are adulterated with methanol. Although methanol is present in small
amounts in alcoholic beverages, in large amounts it can cause intoxication or death (the lethal dose lies
between 30 and 120 mL). Intoxication symptomatology depends on the amount ingested and can cause
headache, nausea, vomiting, damage to the retina, internal hemorrhage, liver and renal failure, and death
(Quintero et al 2020).
Taking into account this situation, efficient methods are needed to identify the adulterants of vodka.
Spectroscopy techniques and chemometric methods have previously been employed in the analysis of
beverages and food in order to improve quality control, detection of forgery or adulteration, and origin
identification (Martins et al 2017). An inexpensive and reliable technology, preferably with minimal
sample-preparation requirements is ideally required to identify counterfeit alcohol products at all stages
of their production and use. This technology could be UV, visible, and near-IR spectroscopy followed
by chemometric processing. Spectroscopy has become a standard technology in the food industries
because of its simplicity, relatively inexpensive operation, rapid measurements, and quality of the
obtained results through application of multivariate methods for information processing (Khodasevich
et al 2017).
The objective of this study was to investigate ultraviolet-visible (UV-Vis) and near-infrared (NIR)
spectroscopy to detect adulteration of vodka by using chemometrics multivariate analysis.
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Materials and Methods
Samples of vodka
Four different brands (Figure 1) of authentic vodka were obtained from authorized and certified liquor
stores in Dublin, Ireland. Samples of vodkas were adulterated by addition of deionized water, ethanol
(99.8% w/w) or methanol (99.8% w/w) in the levels of 5% v/v and 10% v/v in the pure vodka (24
samples).

Figure 1. Four different types of Vodka used for the study
Equipment
A UV-Vis (Biochrom Libra S22 UV-Vis) spectrometer and NIR (NIRONE Sensor S spectrometers Spectral Engines Oy, Finland) spectrometer were employed to measure the spectra and to identify
adulterants in the vodka samples.

Figure 2. UV-Vis Spectrophotometer
Multivariate analysis
The spectra data from the UV–VIS and NIR absorption of vodka samples are inherently multivariate;
therefore, multivariate methods such as principal component analysis (PCA) were used to reduce data
dimensionality. PCA was used to convert a set of correlated variables obtained from the observations
to a set of linearly uncorrelated variables called Principal Components (PC). The variability of the two
spectral data (NIR and UV-Vis) obtained was studied by estimating the first, second and third principal
component (PC).
Partial Least Square Regression (PLSR) for the adulterated samples was carried out to find a linear
regression model by projected the predicted variables and observed variables. The PLSR model for the
spectral data was built using MATLAB. The models were created for every adulterated vodka sample
and for every possible pre-treatment process and combination of pre-treatments to predict the best
model.
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Results and Discussion
Figure 3 shows that there are differences in intensity between the absorbance spectra of different liquor
brands. Higher absorbance bands were associated with brands aged for 12 years. However, it is still not
possible to determine the identity whiskies brands by visual analysis of the spectra. The application of
multivariate analysis can detect patterns related both to the intensities and the shape of spectroscopic
data, even if these small changes are not visible in raw spectra.
Figure 4 presents the comparison results. The dispersion graphs reveal that the real percentages versus
the predicted ones between algorithms PLS2, PLS1, and the HS-GC-FID method have an R2≥0.91
value. These results suggest that the models developed with PLS2 and PLS1 are capable of quantifying
the adulterants (water, ethanol, methanol) in the liquor samples with the same precision as the HS-GCFID method but faster, without pretreatment of samples or the use of reagents and solvents.

Figure 3. UV–Vis spectra of whiskies authentic samples of 12 and 8 years aging or less, used in the
calibration set (Martins et al 2017).

Figure 4. Comparison of the amount of adulterant quantified by NIR and HS-GC-FID. A) adulterantwater. B) adulterant- ethanol. C) adulterant- methanol (Quintero et al 2020).
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Conclusions
The developed chemometric methods in the NIR and UV–VIS can be used to efficiently verify the
authenticity of vodka, as they are capable of detecting adulterants and predicting the concentrations of
adulterants (water, ethanol, methanol) accurately and reliably. Also samples for NIR or UV do not
require any pre-treatment prior to spectral measurements or require specialized personnel and are
environmentally friendly as they do not use reagents and solvents. Therefore, it can be concluded that
NIR and UV–VIS coupled with multivariate analysis is a rapid analysis tool for adulteration detection
suitable for sample screening in regulatory agencies prior to reference methods.
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Abstracts
Plasma activated water will be generated using an atmospheric cold plasma jet at 30 kV for 5 min.
The bacterial suspension will be inoculated into PAW immediately after generation, and the
viable counts at different exposure times of 0.5, 1, 3, 5 and 24 h during 4°C storage will be
measured to determine the inactivation efficacy. Scanning electron microscopy images of the
bacteria will be conducted to examine the structural changes. Physicochemical properties of
PAW, including pH, conductivity, oxidation reduction potential (ORP), and concentrations of
reactive species including H2O2, NO2- and NO3- will be measured. The results are expected to
show the relationship between PAW inactivation efficacy and the applied voltage and exposure
time. The susceptibility difference of gram-negative and gram-positive bacteria to PAW.
Morphology change will be observed for all bacterial species using a scanning electron
microscopy.
Introduction
Microorganisms can grow on food matrixes and food-contact surfaces. Biofilms are formed by
multiple microbial species within an extracellular matrix of different compositions whose
characteristics are determined by the food production environments and the colonising species.
Bacteria and fungi are typical compositions in biofilms. It is well-established that more than
one bacterial species can be found in a biofilm matrix, which facilitates the formation and
attachments to food-contact surfaces. This is especially the case for some species that were
found to be able to form biofilms without the existence of specialised fimbriae (Galié et al.,
2018). Biofilms are highly resistant to disinfecting treatments using chemical disinfecting
agents, such as chlorine, quaternary ammonium compounds, and other biocides (Giaouris et al.,
2015). It has been found that many microorganisms can grow on food matrix as well as food
processing equipment in the food industry.
Plasma is referred to as the fourth state of matter where increases in the material’s energy levels
convert its state from solid to liquid to gas and ultimately to an ionised state of the gas, ‘plasma’,
which exhibits a highly reactive environment. The most studied plasma activated liquid is made
from water, called plasma activated water (PAW). PAW has been found to be a promising
antimicrobial agent that could effectively inactivate microorganisms on food-contact surface or
food products resulted from the formation of reactive species when plasma interacting with
water in the gas phase. Studies on PAW reactivity have shown the presence of different reactive
chemicals, including hydroxyl radicals (OH•), hydrogen peroxide (H2O2), ozone (O3),
superoxide (O2−), nitric oxide (NO•) and peroxynitrite (ONOOH) and their role in bacterial
inactivation (Zhou et al., 2018; Mai-Prochnow et al., 2021). Plasma treatment of water creates
an acidic environment that may contribute to the antimicrobial properties towards
microorganisms. In recent years, PAW has evolved to become a disinfection technology for
microbial decontamination on foods, food-contact surfaces (Zhou et al., 2018), and for medical
applications such as wound healing and cancer therapy (Bourke et al., 2017).
Airborne acoustic ultrasound employs non-contact transducers which can transmit ultrasonic
waves to the product using air as the coupling medium. In recent years, the design of airborne
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acoustic ultrasonic devices has been significantly advanced and successfully demonstrated in
various food industry applications including drying, defoaming and decontamination. However,
to date, it has not been employed for microbial biofilm disruption.
This study aims to determine the efficacy of combined airborne acoustic ultrasound and
plasma activated water from cold plasma system in inactivating Staphylococcus aureus
biofilms.
Materials and Methods
Culture preparation and biofilm formation
Non-pathogenic Staphylococcus aureus will be obtained from the microbiological culture stock
in Teagasc Food Research Centre (Ashtown, Dublin, Ireland). Loopfuls of cells from the
bacterial strain will be aseptically transferred into nutrient agar plate and then being incubated
at 37 °C for 24 h. A colony will be then inoculated in 5 mL of liquid broth in autoclaved coupons
and incubated 37 °C for 24 h. The final concentration will be adjusted to approximately 8 log10
CFU/mL.
Airborne acoustic ultrasound and plasma activated water treatments
All experiments were carried out using an airborne acoustic ultrasonic system (Pusonics S.L.,
Madrid, Spain) operating at a frequency of 26 kHz with a maximum power output of 170 W.
The system consists of an electronic power generator with a dynamic resonance controller, a
power amplifier, a high impedance matching box, and a circular stepped-plate transducer. The
biofilm coupons will be placed on a stainless-steel plate positioned at suitable distances from
the centre of the transducer at a maximum acoustic energy density of 10 W/cm2. The biofilm
coupons will be treated with airborne acoustic ultrasound for 15 min.
Plasma activated water treatments and combined treatments
Cold plasma treatments were carried out using a system sourced from Teagasc Food Research
Centre (Ashtown, Dublin, Ireland). Plasma generated within this region exited through a small
gap in the ground electrode entering ambient conditions in the plume region where it contacts
with treatment samples. Plasma will be generated at 30 kV using ambient air as the working
gas. For PAW generation from a cold plasma jet, the distance between the nozzle of the jet and
water surface was around 72 mm. For generation of PAW, a Duran bottle containing 100 mL
of sterile deionised water was treated with cold or thermal plasma for 15 min. Individual biofilm
coupons were immersed in 10 mL of PAW for 30 min at 4 °C during treatments. Sterile distilled
water was used instead of PAW for control treatments. For the determination of the synergistic
influence of PAW combined with airborne acoustic ultrasound treatment, the prepared samples
will be first treated with airborne acoustic ultrasound as described above, then followed by
PAW treatment with conditions described above.
Determination of antimicrobial efficacy of proposed inactivation treatments
The population of bacteria cells on control and treated coupons will be enumerated using the
plate count method. The biofilm cells will be detached from coupons using glass beads. A livedead BacLight bacterial viability and counting kit (Thermofisher Scientific, Ireland) will be
used as described by Charoux (Charoux et al., 2020).
Physicochemical properties of plasma activated water
The physicochemical properties including pH, electrical conductivity, ORP, RONS of PAW
will be measured immediately after plasma treatment using the methods described by Charoux
(Charoux et al., 2020).
Statistical analysis
All experiments were performed in three independent experiments with three technical
replicates each. Analysis of variance (ANOVA) and Tukey’s test was carried out using SPSS
and considered statistically significant at p < 0.05.
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Results and Discussions
The Inactivation of S. aureus using airborne acoustic ultrasound
The sample biofilms grown for 48 and 72 h on stainless steel coupons and treated using airborne
acoustic ultrasound for 15 min and the expected inactivation efficiency is shown in Figure 1. A
slightly higher number of adherent cells is expected in case of untreated controls after 72 h of
incubation compared to 48 h. The results may be resulted from damaged biofilm membrane
integrity. As results shown in research conducted by Charoux and colleagues which
demonstrated the fragmented and ruptured bacterial cells with 15 min airborne acoustic
ultrasound treatment (Charoux, O’Donnell and Tiwari, 2019). The direct damages caused by
stable cavitation and micro-streaming effects from ultrasonic waves destroyed the ultrastructure
of bacterial cells of biofilms (Dolan, Bastarrachea and Tikekar, 2018).
5
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Figure 1. Microbial count after biofilm detachment of ultrasonic-treated samples. AA:
Airborne acoustic ultrasound.
Antimicrobial efficacy of plasma activated water treatment and synergistic effects with
airborne acoustic ultrasound
The effect of PAW alone and in combination with airborne acoustic ultrasound will be assessed
on 72 h S. aureus biofilms formed on the stainless-steel surfaces. Significant reduction is
expected after PAW treatment and the combined method.

71

Figure 2. Microbial counts 72 h after ultrasonic, PAW, and combined treatments of sample.
AA: Airborne acoustic ultrasound; SDW: Sterile distilled water.
Physicochemical properties of plasma activated water
pH values of the PAW are expected to reduce significantly after cold plasma treatment. pH
level of the aqueous environment is an important bactericidal indicator of PAW. The reason for
acidification of PAW is predominantly due to the acidic reactive species such as nitrite and
nitrate acids generated by plasma treatment. The concentration of selected RONS is expected
to increase with plasma treatment. H2O2 is considered to be effective in resulting in the
microbial inactivation activities of PAW. Several studies have conducted to investigate the
bactericidal property of H2O2 to the antimicrobial activity of PAW (Perinban, Orsat and
Raghavan, 2019; Thirumdas et al., 2018). The conductivity of PAW after plasma activation is
expected to be significantly higher compared to the distilled water control.
Conclusions
This study shows the influences of PAW, airborne acoustic ultrasound and the combined
antimicrobial effects of two methods on the inactivation and intracellular disruption of biofilms.
Ultrasound is an effective tool for removing biofilms. Due to the increased diffusion of plasma
activated water into the biofilm matrix further leads to the inactivation. The inactivation
mechanisms need to be further studied for better understanding of the intracellular changes
caused by the synergistic effects of PAW and airborne acoustic ultrasound treatments.
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Abstract
Objective: The study aims to study the effect of microwave vacuum drying (MVD) and hot air drying
(HAD) on moisture content, texture properties and rehydration ability of beef slices samples by
hyperspectral imaging (HSI) technique. Method: Using HSI coupled with chemometric methods,
calibration prediction models will be established, and the visualisation of moisture content, texture
properties and rehydration ability dynamic change could be analysed. Expected result: Chemometric
prediction models based on hyperspectral data and reference analysis data will be established. The
moisture content, texture properties and rehydration ability of beef slices with various drying time
during hot air drying and microwave vacuum drying are expected to be precisely predicted by the HSI
technique. Conclusion: The results demonstrated the HSI system is able to monitor the changes of
quality parameters, including moisture content, texture properties, and rehydration ability, of beef slices
during microwave vacuum drying and hot air drying.
Introduction
As important preservation methods, drying processes are commonly adopted to prevent moisturerelated microorganisms growing in spoiling perishable food, like fresh beef slices, and reduce the
volume and weight of beef products, which significantly lessen the cost of transportation and storage.
Currently, convective drying, microwave drying, solar drying, and freeze-drying are the four most
common drying techniques applied in the food industry, while other novel drying techniques, containing
ultrasound, supercritical-assisted, high electric field, sun drying, have been developing for industry
application (Li et al., 2020). To obtain high-quality products, traditional drying processes generally rely
on tried, tested, and trusted drying schemes, where the end of drying is based on parameter schedules,
but such strategies could limit drying system productivity by generating defective products and cause
vast amounts of energy waste by impropriate overheating (Crichton et al., 2017, Devahastin and
Niamnuy, 2010, Cho et al., 2020). Therefore, it would be more effective to adjust drying conditions
according to dynamic quality attribute changes and define a specific drying moment instead of the exact
time as the end of drying processes to optimise both drying qualities, the energy efficiency of drying
system, and human errors, time, costs of final samples quality evaluation (Nallan Chakravartula et al.,
2019).
HSI combined with chemometric methods, as a rapid and non-destructive tool, is very suitable to be
used as an online monitor tool to evaluate dynamic changes of quality attributes of dried products during
drying processes. It provides both spectral information and the spatial location of targets attributes of
samples by combining the imaging and spectroscopic tools. Among them, spectral pre-treatment
algorithms, including spectral derivatives and scatter-correlation methods (Lohumi et al., 2015).
Standard normal variate (SNV), multiplicative scatter correction (MSC), Savitzky-Golay (SG) smooth,
first and second derivatives are common pre-treatment methods, and partial least squares regression
(PLSR), multiple linear regression (MLR), least squares support vector machines (LS-SVMs), and
artiﬁcial neural networks (ANN) are popular regression algorithms for calibration model establish (Qu
et al., 2017, Lin and Sun, 2020a).
This study aims to evaluate the dynamic changes of moisture content, texture properties, and
rehydration ability of beef samples during hot air drying and microwave vacuum drying using
the hyperspectral imaging technique coupled with chemometric methods.
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Materials and Methods
Sample treatments
A piece of the upper thigh of the beef cow's hindquarters was purchased from the local market (Dublin,
Ireland). Then the beef sample was cut into 4 cm × 4 cm in length and width, then sliced into beef slices
in 0.4 cm thick by a stainless-steel slicer (F250E, CE USO professionale, Italy).
Drying processes
The beef slices were conducted in a microwave vacuum drier, which can be found in the research (Lin
et al., 2020a), at 2 mbar and 250W, with different heating time of 0, 5, 10, 15, 20, 25, 30 min
respectively, and an air oven at 70 °C with various drying period of 0, 1, 2, 3, 4, 5, and 6 h separately.
Samples with different drying time were in triplicate, with 5 samples each, which will be used for
moisture content, texture properties and rehydration ability analysis, respectively. The mass of samples
was measured after drying periods, and then they were used for hyperspectral images scanning.
Hyperspectral imaging
The hyperspectral images were acquired using a near-infrared hyperspectral imaging system. The
system consisted of a 12-bit high-performance CCD camera (Xeva 992, Xenics Infrared Solutions,
Leuven, Belgium), an imaging spectrograph (ImSpector N17E, Specim, Spectral Imaging Ltd., Oulu,
Finland), a stepper motor (GPL-DZTSA-1000-X, Zolix Instrument Co, Beijing, China), halogen lamps
(JP245V -500WC, Ushio America, Inc.), and an imaging data acquisition software (SpectraSENS,
Gilden Photonics Ltd, Glasgow, UK). The NIR-HSI system was performed in the spectral range of 880–
1720 nm with a spectral resolution of 3.4 nm to acquire spectral data of beef samples.
Reference analysis
The moistures content of beef samples were measured by thermal gravity methods, where the sample
was dried at 105 °C until the constant weight. The mass difference before and after oven drying shown
as a wet base percentage (% W.B). Texture profile analysis and Warner-Bratzler Shear force (WBSF)
test were conducted to measure the hardness, springiness, and tenderness of beef. The reference method
used for rehydration measurement is water dipping tests, in which beef slices were dipped in 60 °C in
the distilled water and then determined by mass measurement and HSI acquire after 5, 10, 15, 20 min.
The rehydration rate was calculated by
𝛼𝛼 =

𝑚𝑚𝑡𝑡

𝑚𝑚0

(1)

Where 𝑚𝑚0 and 𝑚𝑚𝑡𝑡 were mass (g) of beef slices before and after rehydration process for t min,
respectivly.

Data analysis
Data pre-processing algorithms, like SNV, MSC, and SG smooth, were used to enhance spectral data
quality. Moreover, the performance for various multivariate regression algorithms, like PLSR, MLR,
and ANN, would be compared and used to establish a calibration model for drying attributes, containing
moisture content, texture properties and rehydration ability evaluation of beef slices. Then, the optimal
wavelength was selected for the model simplifying.
Expected Results and Discussion
The expected time-series hyperspectral images reflecting the moisture content, texture properties and
rehydration ability dynamic changes of various foods during dehydration periods are shown in Fig. 1.
Due to the change of these attributes affected by drying conditions, like temperature, air velocity,
relative humidity, microwave power, and dehydration time, drying patterns of beef samples are
anticipated to be different between HAD and MVD. Generally, during HAD, the moisture content of
surrounding parts of samples decrease more rapid than that of centre parts of the sample (Wu et al.,
2012, Sun et al., 2020, Liu et al., 2016), while the opposite trend is generally true in microwave-based
drying techniques (Pu and Sun, 2015, Lin et al., 2020b, Pu and Sun, 2016). The same trend may exist
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in texture and rehydration ability changes during HAD and MVD. By using HSI combine with
chemometric methods, such drying pattern could be distinguished by visualisation results. In the
industry application, high-quality products with great texture properties and rehydration ability are
anticipated to be obtained when applying HSI to online evaluation and control of beef dehydration
processes.
(a)

(b)

(c)

(d)

(e)

(f)

Fig. 1. HSI visualisation results of (a) moisture content, (b) rehydration ability, (c) WBSF, (d) hardness, (e)
gumminess, and (f) chewiness of (a) beef slices (b) ginger slices and (c-f) grass carp ﬁllets during dehydration
processes (Liu et al., 2018, Lin and Sun, 2020b, Ma et al., 2017).

Conclusions
By using HSI, dynamic visualisation results of moisture distribution, texture properties and rehydration
ability of beef slices during HAD and MVD are observed. Dynamic changes pattern of these attributs
of beef slices during different drying processes, namely HAD and MVD are compared.
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Abstract
Hyperspectral imaging technology provides reliable, efficient and non-destructive analysis of the color
change and moisture content. The purpose of this study is to analyze the moisture content and distribution of celery slices during microwave vacuum drying by setting different drying time, so as to analyze
and predict the changes of samples during drying. Hyperspectral imaging technology, which combines data analysis with partial least squares regression (PLSR) model, plays an important role in predicting spectral data and moisture distribution. The predicted results can explain the uneven distribution
of water in the drying process, and draw the conclusion that there is little difference in the main components of celery before and after drying treatment. It is hoped that this study can provide a suitable
method and theoretical basis for moisture analysis and prediction during microwave vacuum drying and
dehydration of celery.
Introduction
Celery is a common vegetable and spice plant, which is rich in dietary fiber. It is a vegetable with low
calorie and high water content, which is very popular among healthy dieters (Sinha, 2014). Every 100
grams of celery contains 95 grams of water, 0.7 grams of protein, 3 grams of carbohydrates, 1.6 grams
of fiber and 0.8 grams of ash (Bender, 2006). Celery also contains a series of nutritional elements such
as iron, phosphorus and vitamins. According to research, it has antioxidant (Kooti & Daraei, 2017) and
cholesterol-lowering (Tsi & Tan, 2000) functions. Therefore, under the advocacy of healthy diet, this
plant has become one of the most widely consumed vegetables in the world because of its rich nutrition
and pharmacological value (Raffo et al., 2006).
Drying celery can effectively increase the stability of celery preservation. The moisture and some volatile substances contained in celery can be removed by drying, and the loss of cellulose and nutrients
will not be too great. Common drying methods include hot air drying, freeze drying, RF vacuum drying
and microwave vacuum drying. Microwave vacuum drying is a drying method which combines the
advantages of microwave heating and vacuum conditions. Microwave heating can transfer energy
quickly and make drying more efficient. Under vacuum condition, the moisture in food can evaporate
quickly at lower temperature. On the one hand, moisture can be separated from the sample more
quickly. On the other hand, lower temperature can minimize the changes of food senses, reduce the
damage of high temperature to nutrients and reduce the loss of nutrients during drying (Sunjka et al.,
2004).
Hyperspectral imaging technology is an effective analysis technology of quality inspection system,
which has the advantages of non-destructive analysis and synchronous evaluation in addition to fast
operation speed. It is a technical means widely used in food quality imaging detection. The water content and other quality attributes in the sample can be detected in real time during the drying process,
and the spatial distribution of these components in the whole test sample can be located (Sun et al.,
2017). Because of this visibility, hyperspectral imaging can also show the distribution of the main components of the sample, which is convenient for subsequent analysis.
The purpose of this study is to discuss the measurement and feasibility analysis of hyperspectral
imaging technology in visualizing microwave vacuum drying process of celery.
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Material and Methods
Sample Preparation
Fresh celery was purchased from Tesco, a local supermarket. The selected celery samples have similar
maturity, uniform color and shape. Then put celery in a refrigerator at 5℃, wash it, and cut it into small
pieces with a length of 2 ± 0.05 cm with a stainless steel slicer (F250E, FAC s.r.l, Isola Vicentina, Italy).
Drying procedure
The celery samples were dried by microwave vacuum after the weight of samples was recorded
(FRCRT, Dublin, Ireland). The microwave power is 250 watts and the vacuum pressure is 2±0.2 kPa.
Celery slices were heated and turned on for 2 minutes and turned off for 1 minute. Celery slices were
divided into four groups with 10 pieces in each group, which were dried in microwave vacuum for 0,
15, 20, 24.5, 29, 31.5, 38, 42.5, 47, 53min and the weight and diameter were measured.
Drying celery samples to constant weight at 105℃, the water content (Cw) of celery can be calculated
by the following formula:
Cw = [(mo-md) / mo ] x100%

(Equation 1)

Where mo was the initial mass of the celery sample before drying, and md was the mass of the celery
sample after drying to constant weight.

Fig.1 The Hyperspectral Imaging System
A computer vision system mainly consists of a high-performance color digital camera (Canon PowerShot SX110 IS, Canon, USA), a spectrometer (imspectrometer n17e, specim, spectral imaging ltd.,
Oulu, Finland) and two halogen lamps (jp245v-500wc, ushio Inc., Tokyo, Japan). The fluorescent lamp
illuminates the sample at 45°, samples are presented by a translation stage (GPL-dztsa-1000-x, zolix

78

instrument co, Beijing, China) controlled by a stepping motor, and remote capture software is installed
on the control computer to obtain JPEG images. In this experiment, the spectral range of 1002–1575
nm was used for data analysis.
Image Acquisition and Calibration
In order to ensure the accuracy of image acquisition and data, the accurate calibration of spectrometer
is very important (Pu & Sun, 2015). After the hyperspectral imaging system is completely assembled,
the calibration lamp is used to convert the spectral axis into the corresponding wavelength. Hyperspectral images use black and white as reference to correct reflectivity.
Data Analysis
Data preprocessing, PLSR modeling and visualization are all operated by MATLAB R2021a (MathWorks Company, Natick, Massachusetts, USA). Data preprocessing is mainly to eliminate the influence
of light scattering and noise on spectral data. PLSR is a quantitative model between principal component analysis and spectral data, and it mainly builds a regression model by measuring the highly collinear variables.
Selection of wavelength
In this study, it is necessary to analyze the water distribution of celery slices, so it is necessary to select
the appropriate optimal wavelength to build a water content model through PLSR model to analyze the
quality data of samples.
Expected Results and Discussions
Drying kinetics of celery slices
The drying curve of celery slices during microwave vacuum drying was generated, which reflected the
change of moisture content at different time intervals. In the research of Wang et al. (2013), the relative
standard deviation (ratio of standard deviation to average measured value) was used to analyze whether
dehydration was uniform or not. With the increase of drying time, the relative standard deviation gradually increased, that is, the unevenness of water distribution in celery slices increased.
Modelling and prediction of moisture content
In the study by Lin et al. (2019), it was observed that the average reflectance of the spectrum was higher
for samples with higher water content, that is, the absorbance of the spectrum increased with drying
time. A quantitative calibration model for the celery drying process was derived using the PLSR model
and the fringe noise was removed from the near-infrared images prior to prediction. The predicted
model shows slight water non-uniform distribution, but the difference is not significant in principal
component analysis. According to the study by Pu & Sun (2015), it was shown that the moisture evaporation at the central position was faster than that at the edge in the microwave vacuum drying process.
Conclusion
In this study, the change of water content in microwave vacuum drying celery was analyzed by hyperspectral imaging technology, and the reflectivity change of celery dehydration with time was obtained
by using the obtained spectral data and predicted by PLSR model. The nonuniformity of water distribution and the difference of main components can be obtained and analyzed by prediction.
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Abstract
Seaweeds or macroalgae are of extreme relevance in the scientific community as this biomass
offer un-parallel opportunities in the discovery of new molecules and compounds including
mainly carbohydrates, proteins and lipids, as well as other minor compounds, such as
minerals,vitamins and pigments. Most of these compounds have promising potential and
demonstrated health benefits in in vivo and/or in vitro models, including antioxidant, antitumor and antibacterial activities. Thus, the interest of several industries in seaweeds has been
renewed as not only a source of biomass for basic nutrients, but as promising “multi-factories”
able to produce huge amount of compounds with food/feed, pharmaceutical and cosmeceutical
applications. This chapter summarizes the current studies exploring the composition of
seaweeds, emphasizing the most promising applications and/or biological activities of their
main compounds from a food industry perspective; as well as current challenges for their
exploitation including the extraction of the compounds and the sustainability issues associated
to this growing industry from both an Irish and global perspectives.
Marine algae are regarded as a promising nutrients resource in future as they can be sustainably
cultured without land and high investment. These macroalgae are now widely processed into
food and beverages, fertilizers and animal feed. Furthermore, bioactive compounds such as
polysaccharides and polyphenols in seaweeds have proven to have antibacterial, antiviral and
antifungal properties that can be utilized in cosmeceuticals, nutraceuticals and
pharmaceuticals.As a key procedure in seaweed production, the post-harvest process not only
requires more laboured and energy but also affect the quality of the final product significantly.
This paper reviewed all currentpost-harvest processes and technologies of seaweedand
addressed potential post-harvest strategies for seaweed production.
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Abstract
Consumption of poultry products is increasing worldwide, leading to an increased demand for
safe, fresh, high quality products. To ensure consumer safety while meeting quality standards,
poultry products must be routinely checked for safety and quality. Novel techniques, such as
spectral imaging, are being developed to acquire real-time chemical and spatial information
about products in non-destructive way to ensure safety and quality of products while preventing
economic losses. The overall aim of this research is to utilize spectral imaging techniques to
monitor poultry product quality and safety. This research has utilized both laboratory based
and handheld spectral imaging techniques in the Vis-NIR (400 – 1,000 nm) and NIR (900 –
1000 nm) spectral ranges. Previously, research has been focused on monitoring poultry quality
by determining if it is possible to discriminate between fresh and thawed from frozen poultry.
In a comparison between the Vis-NIR (400-1000 nm) and NIR (978 – 1,678 nm) regions to
discriminate between fresh and previously frozen poultry with and without skin, partial least
squares discriminant analysis (PLS-DA) models were built at the pixel and object level.
Successful discrimination between fresh and previously frozen poultry could be accomplished
using pixel level models built on Vis-NIR data. Wavelengths determined to be important for
discrimination are associated with myoglobin and its derivatives, which are mainly responsible
for the colour of meat. Discrimination of the two classes in the NIR range was poor in samples
with and without skin. In a following experiment using a handheld visible spectral imaging
system (443-726 nm) and white LED illumination, it was possible to discriminate between
fresh and thawed chicken thighs using a PLS-DA model on the object level using sample means
for training and testing. Currently, this research project is focused on predicting packaged
poultry shelf-life and assessing biofilm disruption technologies on common poultry processing
surfaces.
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Abstract
Honey is one of the most produced and consumed food substances worldwide, which has a
sweet taste, viscous and yellowish appearance, naturally produced by honey bees from floral
nectar. It is mainly constituted of 60-85% monosaccharides (glucose and fructose) and 7-10%
disaccharides (maltose and sucrose). Besides these, it also contains antioxidants, acids,
vitamins, protein, minerals and others. Thermal treatment is a processing procedure in the
industry to decrease the tendency of honey crystallization and to destroy contaminated
microorganisms. However, this treatment may cause the formation of 5-HMF (IUPAC name,
5-(hydroxymethyl) furan-2-carbaldehyde) which is a cyclic aldehyde. Moreover, it is a toxic,
carcinogenic, and mutagenic compound, mainly formed from hexose through the Maillard
reaction under high temperatures. Hyperspectral imaging (HSI) is an emerging technology has
gained attention as a non-destructive, chemical-free and environment-friendly procedure.
Therefore, this study applied to investigate the feasibility of HSI in the near infrared spectral
range for the prediction of HMF content in honey under different heat treatments. 7 different
brands of honey were obtained from local market. The honey samples were heated in the water
bath at 45 °C, 55 °C, 65 °C and 75 °C for 24 h. After heating, hyperspectral images were
acquired by a laboratory hyperspectral imaging system. The least-squares support vector
machines (LS-SVM) was applied to create prediction models. The highest prediction
performance was achieved by standard normal variate (SNV) pre-treated LS-SVM with the
coefficient of determination in prediction of 0.894. This study showed that HSI could be a
promising technology in honey production for the quality control purpose.
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Abstract
Cause and consequence of food loss and waste present ever-increasing societal and financial
challenges. The European Union is committed to reduce food waste by 50% per capita by 2030.
This study is part of a Horizon 2020 funded project (FreshProof) under Marie-Sklodowska Curie
actions aiming at addressing existing food supply chain waste and shortcomings using an
innovative systems approach. In this study, the potential of estimating remaining shelf-life of fresh
strawberries using hyperspectral imaging was investigated. Strawberry is one of the most
frequently discarded fruits throughout the supply chain, due to high perishability and poor
distribution management. Harvested strawberries were stored for nine days at five different
temperatures (ranging from 1-20 °C). Shelf-life was calculated based on subjective visual
evaluation of appearance attributes (colour, shrivelling, and decay) using a rating scale where 1
equals poor and 5 excellent quality; with 3 being the threshold indicating the end of shelf-life.
Hyperspectral images were obtained during storage, using a novel handheld pushbroom linescanning hyperspectral camera measuring spectral reflectance from 400 to 1000 nm with
spectroscopic resolution of 7nm. The model developed by partial least square regression (PLSR)
with full-range spectra was used to predict appearance scores of strawberries with a determination
coefficient of prediction R2p of 0.96 and root-mean-square error of prediction (RMSEP) of 0.18.
To validate the model and predict remaining shelf-life of strawberries, the appearance scores from
the PLSR model as predicted for day 3 of storage, were used to build a model based on first order
kinetics and Arrhenius equations. The models developed predicted appearance scores with R2p of
0.86 and RMSEP of 0.27, and remaining shelf-life with R2p of 0.86 and RMSEP of 1.4 day. The
results from this study provide the foundational framework for the development of a nondestructive system for accurate estimation of shelf-life of perishable food products. Such a system
will enable informed and accurate decision making and strategy planning that will benefit all
stakeholders in food supply chains across the globe and support the drive for zero waste.
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Abstract
Bisphenol A (BPA) is a well-known endocrine-disrupting chemical with widespread
applications in food industries. Several animal and human studies have recently established
connections between BPA exposure and elevated risks of reproductive toxicity, neurotoxicity,
immunotoxicity, and metabolic disease (Vom Saal & Vandenberg, 2021). In order to address
the emerging health concern, a temporary tolerable daily intake (t-TDI) of 4 μg kg body weight
(bw) -1 day -1 was suggested by European Food Safety Authority (EFSA) (EFSA, 2015). Diet is
the primary source of BPA exposure for the general population. BPA has been frequently
detected in various types of food, particularly in canned food. BPA can migrate from can
coatings (epoxy resins) into food content (Russo et al., 2019). Meat and meat products have
been identified as a main dietary contributor (EFSA, 2015). For non-canned meat products, the
sources of BPA contamination from farm-to-fork have remained unknown. The impact of
slaughtering and processing (i.e. thermal treatment) on BPA concentrations will be discussed.
The objective of this study is to estimate BPA exposure from the consumption of Irish beef,
pork, and chicken. Meat consumption data of five age groups (pre-school, children, teenagers,
adults, and elderly) can be obtained from relevant consumption surveys. Statistical analyses
will be conducted through Monte Carlo simulation. Overall, a probabilistic exposure
assessment model will be developed to assess the risk of dietary BPA exposure from meat and
meat products in Ireland.
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Abstract
The global food production , driven in part by population growth, depends on arable lands, which
has led to the great advance of the implementation of modern technologies in agriculture. This
study focuses on the status quo of the application of big data in arable farming of six representative
cereal crops (i.e., wheat, rice, maize, millet, barley and oat) from a bibliometric perspective. To
have a clear grasp on the big picture of the six staple cereal crops in terms of farming, 1536
publications were found to set up a benchmark group. Then the retrieval method of the
combination of “big data” and the six concrete cereal crops were applied to collect 121
publications. Two groups of publications were imported into VOSviewer to visualize and analyse
the outcomes. The results indicate that: (1) subject categories concerning genetics are irrelevant
to the topic; (2) remote sensing and algorithms are the two significant technologies that are
implemented in terms of the application of big data in arable farming with a particular focus on
cereal crops.
Introduction
It is estimated that, by 2050, the world's population will reach 9.1 billion, thus food production
must be increased by 70% to feed all these people (Fahad, 2020). Under the effect of this,
increasing the efficiency of croplands utilization has become an imperative strategy. To this
end, large datasets (big data) of information in terms of geography, soil, climate, crop, former
yield can be implemented to achieve specific treatment of each piece of land in order to realize
their potential at the least environment cost, which is overlapped with the broad concept of
precision agriculture (PA) (Pedersen, 2017). While precision agriculture lays more stress on
the in-field data, in addition to what PA involves, smart farming technology also covers the
analysis of more multifarious data (Wolfert et al. 2017), which means SFT is a more
comprehensive concept (Pedersen, 2017). Digital farming is another similar concept evolving
out of PA (Klerkx et al. 2019; Shepherd et al. 2020). The three concepts are all data-based or,
in another way, digitalized application in agriculture, which, can therefore be greatly enhanced
by the extensive use of big data technologies. Arable farming is an opposite concept to that of
permanent crop farming, which is a farming type that is used to cultivate arable crops (Aravind
et al. 2017). Precision agriculture, smart farming technology and digital farming can be used
not only in arable farming, but in all other farming systems including livestock and horticulture)
(Pedersen, 2017). In this study, the impact of big data applications on cereal crops such as
wheat, rice, maize, millet, barley and oat is taken into consideration.
To have a grasp on the status quo and research trends of the application of big data in cereal
crops, a bibliometric analysis is used to quantitatively assess the academic literature, which
provides a comprehensive understanding of a specific research topic from both macroscopic
and multi-dimensional perspectives (Bouzembrak et al. 2019). For this purpose, VOSviewer is
applied to process publications in the form of maps.
The objective of this study is to present the status quo of the application of big data in
arable farming focusing on six representative cereal crops (i.e., wheat, rice, maize, millet,
barley and oat) from a macroscopic perspective by analyzing publications related to this
field.
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Materials and Methods
Data collection
Web of science core collection database is used for searching experimental data, namely,
publications and the timespan was set from 1991 to 2021. There are three groups of search
terms involved in this research: (1) Term 1: “big data”; (2) Term 2: “farming” and (3) Term 3:
one of the six cereal crops. The three sets of search terms need to be used in combination to
collect research data. The easiest way should have been, obviously, combining three sets of
keywords (e.g. “big data”, “farming” and a specific cereal crop). But this combination can
only result in 11 publications. In order to increase the amount of experimental data, only
retrieval method of “big data” and one of the six cereal crops was used and resulted
in 121 publications. But the disadvantage of the retrieval method is that publications that were
unrelated to the field of farming are included, since the term “wheat” not only indicates a kind
of crop (farming), but the food (food science) or the commodity (business), and the seed in
terms of breeding and other molecular-level research. Therefore, a more comprehensive
retrieval method was applied to build up a group only considering the field of farming as a
benchmark to make a comparison with the 121 publications. The method combined “precision
agriculture”, “smart agriculture”, “digital agriculture” (or their synonyms) with the six cereal
crops and 1536 publications were found. Details of the number of publications found are
presented in Table 1.
Table 1. The number of publications retrieved by different combinations of search terms related
to big data research in cereal crops
Search terms
wheat
rice
maize
barley
millet
oat
Sum
(paddy)
Big data
53
56
34
7
1
2
121
Benchmark group
Precision agriculture
703
257
285
76
16
24
Precision farming
172
73
65
34
5
5
Smart agriculture
43
82
82
3
5
0
Smart farming
16
24
6
2
2
0
Digital agriculture
11
2
7
0
0
0
Digital farming
9
1
2
0
0
1
1536
Data analysis
VOSviewer was utilized to visualize the bibliometric indicators of two groups of publications
in the form of chart or map and analyze the results. VOSviewer is a freely-available software
developed by Leiden University (the Netherlands) that focuses on building bibliometric maps
based on network data (van Eck and Waltman, 2010). The basic steps involve (1) data download,
(2) data importing and (3) mapping and adjustment.
Results and Discussion
Fig. 1 shows a map of terms analysis of the benchmark group produced by VOSviewer, which
were identified by the natural language processing algorithms developed by VOSviewer,
presenting the most frequent terminologies that occurred in the text (van Eck, 2020). Each circle
represents a term, the size of which indicates the frequency of the term, the color represents the
cluster, the lines between circles indicate their links and the distance between the two circles
show the relatedness. As is shown in the map, four clusters are presented, of which most
frequent items in the red clusters are “index”, “stage”, “NDVI” (normalized difference
vegetation index) and “monitoring”, indicating that the main subject of the red cluster is the
application of remote sensing imagery in monitoring crop growth stage, and items like “plant
height” and “biomass” reinforce the suggestion. In the same way, the green cluster appears to
be related to the practice of modern agriculture technology in farms, the yellow cluster suggests
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the detection algorithm of weed based on UAV (unmanned aerial vehicle) image and the blue
cluster implicates soil science.

Figure 1. Terms analysis in regard to 1536 publications (the benchmark group), with an
occurrence frequency of more than 10.
Fig. 2 presents the map of terms network of the “big data” group with 121 publications. The
items were categorized into four clusters, of which the red and blue clusters embrace items
related to the application of remote sensing algorithm and artificial intelligence in crop growth
monitoring and yield estimation, items like “image”, “algorithm”, “yield” and “NDVI” shore
up the assumption. Items such as “genotype”, “gene” and “productivity” in the green and yellow
clusters suggest genomic selection in breeding. By comparison with the map of the benchmark
group, it is unequivocal that the green and yellow cluster is irrelevant to farming. On the basis
of the above analysis, of the “big data” group, publications categorized into subject categories
of genetic heredity and biochemistry molecular biology can be easily excluded.
Conclusions

A preliminary conclusion is that big data technologies can be applied in combination
with remote sensing or algorithm to fulfill crop management and yield prediction. In
particular, state-of-the-art technologies such as remote sensing and prediction
algorithms can be applied in combination with big data technologies to improve the
efficiency of monitoring crop growth, predicting crop yields for major cereal crops such
as wheat, rice (paddy), maize, millet, barley and oat.
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Figure 2. Terms analysis of 121 publications (the “big data” group), with an occurrence
frequency of more than 5.
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Abstract

Foodborne bacteria are of major concern which poses a serious threat to public health and food
safety. In food industry, attachment of bacteria to equipment surfaces, which occurs when the
surface is in direct contact with contaminated objects or exposed to the environment with
airborne microbes, intends to transmit pathogens to food. Conventional methods for the
detection of foodborne bacteria usually adopt the agar plate culturing method combined with
biochemical identification, which are undoubtedly laborious, tedious and time-consuming. To
address this, the project aims to evaluate the capability of spectral imaging at multiple spatial
scales (from microscopic to macroscopic) and modalities (from benchtop to portable) for
detection and classification of foodborne bacteria found on the stainless steel surface which is
a typical industrial surface in the food industry. Multiple bacterial strains were included:
Bacillus subtills, Lactobacillus plantarum, Escherichia coli, Cronobacter sakazakii and
Pseudomonas fluorescens. The limit of detection was assessed with a series of concentrations
ranging from optical density (OD) of 0.001 to 10 for Escherichia coli and Bacillus subtilis.
Results showed that reflectance Fourier transform infrared (FTIR) of samples with OD lower
than 0.1 are unable to present an acceptable spectral signal. Hyperspectral imaging covering
visible-near-infrared (VNIR) (406 – 951 nm) and short-wave infrared (SWIR) range (997 –
2517 nm) are most suitable for bacterial samples with 10 OD concentration. Our results
demonstrated the feasibility of applying FTIR and hyperspectral imaging combined with
machine learning algorithms to characterize spectroscopic fingerprints of dry bacterial cells on
substrates of relevance for food processing.
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Abstract
There has been considerable interest in healthy lifestyle habits and dietary choices in recent
times, leading to an increase in global demand, market trade and consumption of on-the-go
fresh, nutritious and convenient ready-to-eat (RTE) foods. These mainly comprise food items
that are minimally processed, mostly consumed raw as whole or diced or pre-prepared and
dressed for immediate consumption such as horticultural vegetables and fruit crops, herbs,
spices, nuts and seeds. However, the ready-to-eat foods are processed and prepared without
any additional treatment strategies and microbial inactivation steps leading to potential
susceptibility to microbial spoilage due to retention of indigenous microflora, including
foodborne pathogens. Many of these pathogens have been recognised as potential vehicles for
transmitting foodborne illnesses causing several foodborne diseases and disease outbreaks.
This research aims to develop a risk assessment model to characterise and assess microbial and
chemical safety risks associated with RTE horticultural salad, vegetables and fruit crops.
Enteric pathogenic microorganisms are potentially introduced to the human population via
several possible routes and through different pre-harvest (soil, irrigation water, manure) and
post-harvest (temperature, storage, packaging, sanitation) stages of the fresh produce chain.
The impact of safety risks on public health due to microbial contamination is carried out using
a risk assessment framework entailing four steps: hazard identification, exposure assessment,
hazard characterisation, and risk characterisation. Under the selected framework for potential
risk assessment of the pathogenic load in horticultural crops, the task of hazard identification
has been completed with the selection of 13 pathogens associated with microbial contamination
in horticultural crops following a semi-quantitative ranking of hazards. Following this, a
probabilistic exposure model will be developed to assess the survival potential of selected
pathogens and study parameters such as pathogen concentration in irrigation water, inactivation
percentage, likely survival at mean temperature, decay rates and possible growth at low
temperatures. A dose-response relationship will further be developed based on the available
scientific literature to establish an acceptable level of contamination in commonly consumed
RTE produce. All the analysed data from the study will be integrated to provide a quantitative
estimation of the potential risk to human health from microbial and chemical hazards in the
horticultural sector. The present study will give an in-depth assessment of critical stages likely
to influence potential chemical and microbial levels in RTE horticultural produce with specific
emphasis on non-potable water for irrigation purposes, subsequently aiding in the identification
of knowledge gaps in the field of microbial and chemical risk safety. Furthermore, the study
will also help improve our understanding of different risk factors and pathways of the enteric
pathogenic population in horticultural crops that can prove effective in minimising the risk of
contamination associated with them at the source.
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ABSTRACT
The moisture content (MC) of spinach samples needs to be determined due to the effect of non-uniform
heating temperatures during the microwave vacuum drying (MVD) process. Hyperspectral imaging (HSI)
system was used as an emerging non-destructive quality evaluation tool for the measurement of quality
indicators such as moisture content in samples. The partial least squares regression (PLSR) model was
used to obtain correlations between the spectral data and moisture content. Root square (𝑅𝑅 2 ) and the root
mean square error (RMSE) was used to evaluate the variability of model.
INTRODUCTION
Spinach is rich in carotenoids, vitamin C, vitamin K, minerals, coenzyme Q10 and etc. However, the high
MC in its leaves makes it difficult to preserve. Drying is the most common way to ensure a long shelf life
for food. Microwave vacuum drying (MVD), which combines the advantages of microwave drying and
vacuum dryings, like the rapid heating transfer and minimal deterioration, has great potential as an
alternative to the conventional drying method (Pu et al. 2018). MVD is particularly suitable for those food
with temperature sensitive components. Because the relatively low temperatures in drying process will
cause little damage to products. However, uneven temperature distribution cause the uneven MC
distribution in samples, which is an issue to be considered (Sun and Eames, 1996).
Near infrared-Hyperspectral imaging (NIR-HSI) is an emerging technology as a non-destructive quality
evaluation tool with powerful capabilities for acquiring spectral and spatial information about samples,
and integrating that information into one system allows multiple-dimensional images as the output
(Kamruzzaman et al. 2013; Xie et al. 2015; Xiong et al. 2015; Cheng et al. 2016; Liu et al. 2017; Yang et
al. 2017; Ma et al. 2018). In an HSI system, the spectral data is measured, recorded and collected. Then an
image of the target with a complete spectrum in each image pixel will be formed.
The objective of this study was to develop a reliable model to aid the HSI technique for evaluation
of the quality of spinach after MVD.
METHODOLOGY
Sample preparation and MVD processes
Fresh spinach was procured from a local supermarket. Intact spinach of similar shape and size were
selected as samples and stored in a refrigerator at 4 ± 0.5 °C to stabilize the moisture before testing. The
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selected spinach samples were divided into three batches of 10 intact leaf samples each. The MVD
process was carried out in a 100 w microwave vacuum oven with a vacuum pressure of 2 ± 0.2 kpa, with
reference to previous studies (Lin et al. 2019). The MVD operation was based on the research of Lin et al.
(2020) in ginger, with a few adaptations. The heating process was set to 1 min heating-on, 1 min heatingoff in order to prevent the spinach sample from being over-dried or burned.
Figure 1 shows an apparatus for the MVD of spinach samples. The glass desiccator, microwave oven
(Panasonic NN-CF778S, Panasonic Manufacturing U.K. Ltd., ardiff, UK), and vacuum pump (Edwards
RV3, Edwards Ltd., West Sussex, UK) are the main components of this apparatus. In the microwave
vacuum drying system, A fiber optic temperature sensor (FISO Technologies Inc., Quebec, Canada) and a
pressure sensor (PXM309, Omega Engineering Limited, Manchester, UK) are used to determine the
pressure and temperature in the MVD process.

Figure 1 Microwave vacuum drying system (Pu et al. 2018)
Hyper-spectral Imaging system
The HSI system (Figure 2) provided the visualized information of the MC of the treated spinach sample,
with details of the setup in reference to previous studies (Lin et al. 2019). The system was composed of an
imaging spectrometer (ImSpector N17E, Specim, Spectral Imaging Ltd., Oulu, Finland) with a CCD
camera (Xeva 992, Xenics Infrared Solutions, Leuven, Belgium), an illumination assembly (2 halogen
lamps JP245V-500WC, Ushio Inc, Tokyo, Japan), a translation platform (GPL-DZTSA- 1000-X, Zolix
Instrument Co., Beijing, China), and a computer (Dell Computer Inc., USA) with data acquisition and
processing software (SpectraSENS, Gilden Photonics Ltd. Gilden Photonics Ltd., Glasgow, UK).

Figure 2. Hyperspectral imaging system (Nguyen-Do-Trong et al. 2018)
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Imaging acquisition and data processing
The spinach sample was gradually passed through the detector's field of view and scanned continuously.
During this process, white and black will be used as reference background colors. Images will be acquired
by a CCD camera. Measuring reflectance spectra is a common method of using hyperspectral imaging,
which provides information that contains spectral (λ) and spatial (x and y) in a three-dimensional
hyperspectral image. Imaging and spectral processing by MATLAB software 2021b (The Mathworks
Inc., MA, USA). Since spectral information is susceptible to interference from background information,
the collected data was pre-processed using standard normal variance (SNV) and Savitzky-Gorey (SG)
(Gowen et al. 2007).
The calibration equation is derived by correlating the spectral data with the reference value using the
method of PLSR (Qu et al. 2017). Once the calibration equations obtained, validation in the predictions of
the model was performed. In this experiment, the reference data were randomly divided into two sets, one
for the calibration set (70%) and one for the prediction set (30%), with reference to previous studies on
mushrooms (Lin et al. 2019). The data were cross-validated in the calibration set. The accuracy of the
calibration model was evaluated by the root mean square error (RMSE) and coefficient of determination
(R2). The best calibration model has the R2 which is most closed to 1 and lower RMSE.
Expected Result and discussion
Drying process kinetics
Under given drying conditions, the moisture content will decrease logarithmically with time.
PLSR model performance
According to Pu and Sun (2015) and Lin et al. (2019), it can be predicted that the obtained model will have
an R2 close to 1. This indicates that there is a high linearity between the reference data and the predicted
data, and HSI combined with the PLS model can be used as a tool to evaluate the MC of dried spinach.
According to the research on the banana slice, ginger, mushroom (Pu et al. 2018; Lin et al. 2019; Lin et al.
2020), a similar result will be proved in this study that the moisture content will be decreased
logarithmically with the heating time.
Conclusion
In this research, spectral data will be measured as reflectance and pretreated to develop the PLSR model.
The model for the correlations between the MC and spectral data will be established by the PLSR, which
used to evaluate the quality of spinach.
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Abstract
Anaerobic digestate is a nutrient dense waste product which is a highly suitable medium for the
heterotrophic cultivation of microalgae. It contains adequate levels of carbon and nitrogen in order to
reach high growth rates and biomass concentrations of microalgae. If the cultivated microalgae are
utilised in the omega-3 industry, the advantages of incorporating microalgae cultivation in anaerobic
digestion could be three-fold, providing benefits to three distinct industries. The microalgae industry is
provided with a nutrient dense, cheap cultivation medium, the anaerobic digestion industry is helped
through a new revenue source, while the omega-3 market benefits from a new sustainable source. The
scope of the research will not cover the entire value chain of the microalgae, but instead focuses on
assessing the potential cost-benefit and return of investment from the perspective of the anaerobic
digestion company.
Introduction
Microalgae are single celled, ubiquitous photosynthetic micro-organisms and can hence convert
sunlight into biochemical compounds (Bux, 2013). Interest in microalgae has soared in recent years as
a result of their huge biotechnological potential. As a result, microalgae have been utilised in a vast
array of sectors, ranging from aquaculture to biofuels to cosmetics to nutrition. Although microalgae
are photosynthetic, several of their species are highly adaptable and can grow under a wide range of
conditions. This has led to study in the area of heterotrophic cultivation, which is microalgae cultivation
in which the carbon source is an inorganic source provided for the cultivation and is not the sun.
Heterotrophic cultivation takes place in the absence of light and is attractive due to the fact that it can
lower capital and operating costs associated with microalgae cultivation.
As a result of their ability to grow on nutrient rich waste products, microalgae have been proposed as a
means of treating certain waste products, such as anaerobic digestate. Anaerobic digestate is a nutrient
rich by-product, containing adequate amounts of nutrients for the heterotrophic cultivation of
microalgae. Once cultivated on the digestate, the biomass of the microalgae can go on to fulfil many
goals and purposes, one of which is in the omega-3 industry. The omega-3 supplement industry is a
well-established and fast growing market, but has several issues in supply. As certain strains of
microalgae are rich in omega-3, they could prove to be viable sources for the omega-3 market going
forward (Santos-sánchez et al., 2016).
The goal of this project is to gather and collate information to showcase that anaerobic digestate
is a suitable cultivation medium for omega-3 rich microalgae while also assessing the economic
advantages such an operation could possess.
Materials and Methods
This project is a techno-economic assessment, and no physical experiments were carried out. The
project outlines a proposal to construct a microalgae cultivation facility on the same site as an anaerobic
digester and utilising the anaerobic digestate as the cultivation medium. The outline of how this facility
will be operated is shown in the system boundaries figure below. However, in order to come to
conclusions about the proposal, assumptions had to be made so that calculations could be carried out to
the highest degree of accuracy as possible. Thus, it was necessary to research and collate previous
projects and extrapolate results to form a database for calculations in this project. The species of
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microalgae considered for the project is Schizochytrium sp. which is an omega-3 rich microalgae. The
calculations for this project were based on an initial assumption that 1000 tonnes of biomass would be
produced per year, and then calculations were carried out in order to assess the conditions under which
this could be achieved.

Figure 1. System boundaries of the proposal
The calculations were made in three distinct categories, namely capital costs (CAPEX), operating costs
(OPEX) and revenue calculations. Once capital and operating costs are known, they can be compared
to the annual revenue in order to assess the economic viability of the project. OPEX calculations
consider the continuous costs associated with such a facility. These costs include labour, energy
requirements, water needs and the requirement for additional fertilisers to provide adequate levels of
nutrients for optimal growth conditions. Capital costs are associated with the initial establishment of
the facility and getting it up and running. These costs include the purchase of a bioreactor in which the
cultivation will take place, the purchase of a disc stack centrifuge in which the dewatering phase of the
process will be carried out and land. The revenue generated will be based on how much omega-3 can
be produced from the biomass and the current market value of omega-3.
However, as most of these calculations will assume ideal conditions and optimal growth rates, it is
important to consider a sensitivity analysis. This will involve assuming that some of the aims of the
facility will not be met, and that revenue will thus be impacted. This will assess the impact that suboptimal performances could have on the overall feasibility of the project, and will be considered for
factors such as maximum biomass concentration, omega-3 content and the percentage of the market
value of omega-3 received by the supplier.
Results and Discussions
Anaerobic digestate is a suitable medium for the heterotrophic cultivation of microalgae, possessing
adequate amounts of nutrients to achieve relatively high biomass concentrations. Schizochytrium sp.
grown on anaerobic digestate, has been shown to reach maximum biomass concentrations of
approximately 165g biomass/L/cycle. This figure is lower than the concentrations achievable when
cultivated under mixotrophic conditions (sun-light and external carbon source), but it is done at a
fraction of the cost. It is also a figure which means that a high proportion of the digestate produced by
the collaborator, Green Generation, would be produced. At present they produce approximately 13000
tonnes of digestate per year, and in order to produce 1000 tonnes of biomass annually with a biomass
concentration of 165g biomass/L/cycle, almost 10000 tonnes of digestate would be used.
Based on the annual production of 1000 tonnes of biomass of nannochloropsis within the facility, based
on available literature, it is estimated that up to 20% of the biomass can be successfully extracted to be
used as an omega-3 product. This figure is hindered by the fact omega-3 must be extremely pure when
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extracted, as well as the fact that less than 50% of the total biomass produced actually contains omega3 fatty acids (Molino et al., 2019). This means that the facility under study could produce up to 200
tonnes of omega-3 per year. The current market value of omega-3 is in the range of €17000 per tonne,
meaning that this facility could generate over €3.4 million per year in revenue (Van der Voort et al.,
2017).
This revenue should be more than enough to cover the OPEX and CAPEX costs associated with the
project, therefore meaning that such a project should be both economically and technically feasible.
Calculations based on best case scenarios showed that the total annual costs per year could be as low
as €1,318,179.26. The sensitivity analysis highlighted that depending on the biomass concentration
achieved, the total annual costs could vary between €1,318,179.26 and €3,600,000, while the revenue
received varied between €480,000 and €4,250,000 depending on the share of the revenue received and
the amount omega-3 extracted from the biomass. This is highlighted in the figure below.

Figure 2. The total revenue against percent of revenue received for a range of lipid extraction
efficiencies
These calculations have demonstrated that there is a potential opportunity to be exploited here.
However, further research and collaboration between UCD and Green Generation will be required in
the future in order to confirm these theoretical results.
Conclusions
The proposal from this project, which is to cultivate microalgae on anaerobic digestate to produce an
omega-3 rich product is a realistic opportunity that could provide major benefits to three distinct
industries. In terms of the microalgae industry, a nutrient rich cultivation medium is provided in
anaerobic digestate and is also provided free of charge, as it is a waste product. The anaerobic digestion
industry could be provided with a new revenue stream by cultivating microalgae, which could make the
process more appealing as a whole. Finally, the omega-3 industry is presented with a new, more
sustainable source, as opposed to its current source, which is fish and is quickly becoming a strained
supply chain. These advantages are summarised in the figure below. The results of this project indicate
that such a facility is feasible, both technically and economically.
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Figure 3. Advantages of this proposal
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Abstract
Salmonella can cause illness and poses a significant threat to human safety. Recent studies show
that Salmonella can have a better survival ability in low moisture food. It is important to study
the inactivation model of Salmonella in milk powder. This study extracts survival of Salmonella
data from recent experiments and tries to find the conditions that affect the speed of inactivation.
The Weibull model can better describe the survival of Salmonella. The water activity (aw) has
significant effect on the speed of inactivation. Lower temperature may promote inactivation,
but more relevant research is needed to support this conclusion.

Introduction
Pre-processed food is widespread because it is able to control or prevent microbial growth in
food. Especially modifying the water activity can reduce most kind of microbiota. They are
also called low-water-activity foods (water activity levels lower than 0.85), such as peanut
butter, chocolate, cereal products, and milk powder and infant formula (Lian et al. 2015).
Although survival of Salmonella is quite inhibited at aw<0.93(Jung and Beuchat 1999), many
studies showed that Salmonella may survive in low-moisture food for a long time (Angulo et
al. 2008; Podolak et al. 2010).
Contamination of Salmonella in low-moisture foods can occur in different food processing
environments, such as poor sanitation practices, poor equipment design, and poor ingredient
control (PODOLAK et al. 2010). In the United States, Salmonella caused about 1.35 million
infections, 26,500 hospitalizations, and 420 deaths every year (CDC, 2020). Moreover, there
were 121.6 laboratory-confirmed infections of Salmonella per 100,000 infants in the U.S.
Infection may cause diarrhea, and severe cases may suffer from bacteremia and meningitis
(Angulo et al. 2008). The U.S. Food and Drug Administration (FDA) conducted sampling
inspections of Salmonella contamination rates on milk powder manufacturing plants. It was
found that 5.5% of 55 factories had Salmonella detected, and in 5,714 subsamples was 0.16%,
in which the average prevalence was 2.5%(Hayman et al. 2020). The milk powders (with
typical aw values <0.70) are commonly used as ingredients in many foods that do not need
more cooking steps before consumption, including confectionery, drinks, seasoning. It is
necessary to identify an effective pasteurization process to improve the food safety of milk
powders (Wei et al. 2020b).
There was some research before to conclude that Salmonella would decrease in most types
of low moisture food. Therefore, the objective of this study was to model the survival of
Salmonella in milk powders.
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Materials and Methods
Data collection
This study is a review of recently published research about the survival of Salmonella in lowmoisture food. Some research provided the number of Salmonella survival in the products.
Other data were represented in graphical form and the data was extracted by the software Graph
Grabber (Quintessa, 2021). The survival curve of Salmonella was downloaded and uploaded to
Graph Grabber, and then the data can be read after determining the coordinates of the graph.
All of the data was exported and stored in Excel. There are four types of milk powders,
including Nonfat dry milk powder (NFDM), whole milk powder (WMP), Goat milk powder
and Mixed NFDM and WMP, and their source can be seen in Table.2.
Data modeling
In order to fit the survival data of Salmonella to the Log-Linear Regression model and the
Weibull model. GInaFiT version 1.6 (Geeraerd et al. 2005) was established within Excel Addin to predict the survival of Salmonella in different kinds of milk powders. It can fit the data
into several models. Based on some previous studies (Lian et al. 2015; Paswan et al. 2020; Wei
et al. 2020a), the following two inactivation models are selected in this paper. There is one
example of Nonfat dry milk powder from Wei et al. (2020) shown in Fig.1.
Log-linear Model
According to Bigelow and Esty (Bigelow and Esty 1920), the model can be identified as:
Nt= N0 * exp (-kmax * t)
[1]
where Nt is the concentration at time t, N0 is the concentration at time 0, t is the time, and Kmax
is the speed of decrease per time unit (constant, after shoulder and/or before tail).
Weibull Model
According to the research from Mafart et al. (Mafart et al. 2002), the model can be identified:
Nt = N0*10*(-((t/delta) *p))
[2]
where Nt, N0, and t are same above, delta is the time required for first decimal reduction, and
p is a fitting parameter that defines the shape of the curve, p<1 for convex, p>1 for concave.

Results and Discussion
Data fitting

NFDM

8.00

Log10(N)

7.80
7.60
7.40
7.20
7.00
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0.00

Measured
Weibull
Log-linear
20.00

40.00
60.00
Time(day)

80.00

100.00

Figure 1. Log linear and Weibull Model fit for the survival of Salmonella data from Nonfat dry
milk powder (Wei et al. 2020a)
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After fitting the data to the log-linear model and the Weibull model, there are several parameters
that can be obtained, including the inactivation speed per time unit (Kmax), the time required
for the first log-decimal reduction (delta), and the shape factor value (p). To determine which
model is the best one to describe the data, the root mean square error (RMSE) and the coefficient
of determination (R2), were also obtained to quantify the goodness-of-fit of the models.
Model Judgement
Products

Aw

T (℃)

Log-linear
Kmax

NFDM

0.1

23

WMP

Weibull

R2

RMSE

0.02

0.90

0.1190

0.02

0.64

0.2239

Delta

Reference

p

R2

RMSE

98.35

0.6

0.97

0.0821

129.40

0.31

0.91

0.1294

(Kimber et al. 2012;
Paswan et al. 2020;
Wei et al. 2020a)

Table 1. Compare key parameters R2 and RMSE of two models
From Table.1, All the R2 values of the Weibull model are higher than that of the Log-linear
model, and all the RMSE are lower than that of the Log-linear model. It indicates that the
Weibull model can better describe the inactivation of Salmonella in milk powder. Other results
of the R2 and RMSE are similar, so the Weibull model is more suitable to describe the
inactivation of Salmonella.
Delta value
Delta value means the time to the first log reduction of the population, which is influenced by
the environment condition, such as substrate and temperature. Table 2 summarize all the aw and
delta value. In general, the Delta value increases as the aw decreases, which indicates that the
inactivation rate of Salmonella accelerates with the decreased aw. From goat milk powder, the
result shows that the temperature also has effect on the speed of inactivation of Salmonella.
Type of powder

Initial concentration

Terminal concentration

(log CFU/g)

(log CFU/g)

9.90

aw

Delta value

5.67

0.33

1.18

10.01

5.32

0.53

1.39

10.19

4.34

0.81

0.61

WMP

7.75

6.96

0.1

98.35

NFDM

7.86

7

0.1

129.40

4℃: 7.103

5.605

0.3

15.45

25℃: 7.103

4.449

0.3

0.21

8.1

6.3

0.2055

31.96

Skim milk powder

Author

(Lian et al. 2015)

(Wei et al. 2020a)

Goat milk powder
Mixed NFDM and WMP

(Paswan et al. 2020)
(Sekhon et al. 2021)

Table 2. Total results contains concentration, aw, delta value and their source

Conclusions
This study fits the models to the survival of Salmonella in milk powders. The fitting of the two
models shows similar results, R2 and RMSE value indicate that the Weibull model can better
describe the inactivation of Salmonella in all kinds of milk powders. The aw has significant
impact on the speed of inactivation. When the goat milk powder stored in different temperature,
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the lower temperature, the higher inactivation.
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Abstract
Studies of various novel technologies for food processing have become interesting topics as
these technologies provide higher quality fruit and vegetable juices/smoothies in terms of
nutritional retention and quality improvement when compared to thermal methods. The effects
of high-pressure processing (HPP), ultrasound (US), pulsed electric field (PEF), and cold
plasma (CP) on quality parameters of fruit smoothie were investigated. The smoothie samples
were treated with each novel processing technique with varied levels of processing parameters
and time. Then, colorimeter qualities, physicochemical properties, microbial inactivation,
enzymatic inactivation, shelf-life study, and sensory test of treated samples were evaluated. It
was expected that fruit smoothies treated with novel technologies showed no to minor negative
changes in colorimetric qualities and physicochemical properties. Moreover, the samples
treated with novel processing could achieve 5-log microbial reduction and a high significant
decrease in enzyme activity. It was also expected that samples treated with novel techniques
could obtain comparable shelf-life extension as thermal-treated one.
Introduction
The consumption of fruit and vegetable products are gradually increasing in recent years due
to healthy trend among consumers. Less-processed foods are becoming more popular as most
consumers’ preferences move toward products that contain high natural bioactive compounds,
which provide more health benefits. According to AIJN European Fruit Juice Association’s
market report in 2019, the consumption of fruit and vegetable beverages, especially smoothie
type, has been increasing for the past few years. Most of fruit and vegetable smoothies are
thermally processed via conventional method (i.e., pasteurization) in order to achieve microbial
reduction to ensure food safety. However, thermal processing causes a huge loss in nutritional
values, especially heat-sensitive compounds like vitamin C (ascorbic acid), and visual quality,
such as product colour. To overcome this issue, researchers in the food industry have been
looking for alternative processing methods for decades. Thus, novel non-thermal processing
technologies were studied to use as alternative methods in place of conventional one.
Currently, there are many studies regarding the application of non-thermal processing on fruit
and vegetable juices/beverages. These processing technologies, for example, are high pressure
processing, pulsed electric field, ultrasound, UV light, cold plasma, and irradiation. A crucial
factor that indicates these technologies to be effective as food processing methods is the similar
outcome of microbial inactivation when compared to thermal processing. Another important
factor is the ability to retain or improve nutritional and sensorial qualities of fruit and vegetable
juices, which gives non-thermal processing an advantageous aspect. Hence, many current
studies showed promising results for non-thermal processing (Jabbar et al. 2014; Moody et al.
2014; Ferrario et al. 2015; Misra et al. 2016; Sulaiman et al. 2016; Pankaj et al. 2017; Liao et
al. 2018; Dars et al. 2019; Illera et al. 2019; Umair et al. 2019; Yildiz et al. 2019; Hosseini et
al. 2020; Yildiz et al. 2020; Yildiz et al. 2021).
The objective of this study was to investigate the effects of various non-thermal novel
processing on the quality parameters of fruit smoothies. The shelf-life stability and
sensory attributes of treated fruit smoothies during cold storage were also evaluated and
compared to thermal-treated fruit smoothie.
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Materials and Methods
Formulation of fruit smoothie
The formulation of fruit smoothie was carried out following the formulation of commercialized
product in the market. Each ingredient was commercially provided by fruit juice supplier. Fruit
smoothies for the experiment were composed of various fruit juice and puree, which consisted
of banana puree, apple juice, mango puree, kiwi puree, lime juice, and seaweed extract. The
mixture was blended for 3 min or until homogenized. Fresh control sample was chilled
immediately after homogenization. Other portions of smoothie sample were used for further
experimentation.
Novel processing design for fruit smoothie treatment
Formulated smoothie sample was subjected to four types of novel processing treatment: high
pressure processing (HPP), ultrasound (US), pulsed electric field (PEF), and cold plasma (CP).
HPP, US, and PEF treatments of fruit smoothie followed the method proposed by Yildiz and
co-researchers (2019). CP treatment for smoothie sample was conducted according to Umair
and co-researchers (2019). For HPP, pressure level was varied in the range of 300 – 500 MPa
and processing time was varied up to 2 min. For US, samples were treated to achieve the desired
temperature of 25, 40, and 55℃ and time of 5 and 10 min. For PEF, the electric field intensity
was varied in the range of 30 – 40 kV/cm and treatment time was at 15 and 30 µs. For CP, a
dielectric barrier discharge (DBD) source was used with varied output power of 60 – 90 kV for
2 and 4 min. After the treatment, all smoothie samples were stored in refrigerated storage for
further experimentation.
Determination of colorimetric qualities
Colour parameters and non-enzymatic browning index were determined following the proposed
method of Umair and co-researchers (2019).
Analysis of physicochemical properties
Physicochemical properties of the smoothie sample, focusing on pH, titratable acid (TA), and
total soluble solids (TSS), were determined according to Liao and co-researchers (2018). For
cloud value and cloud stability, methods mentioned by Illera and colleagues (2019) were used.
Analysis of phytochemical properties
Total phenolic content (TPC), total antioxidant activity (TAA), and vitamin C content were
conducted via the method of Dars and co-researchers (2019).
Assessment of microbial inactivation
The microbial inactivation of treated samples was assessed according to Moody et al. (2014).
Assessment of enzyme activity
The activity of peroxidase (POD), polyphenol oxidase (PPO), and pectinmethylesterase (PME)
of treated smoothie was determined using the method of Jabbar and co-researchers (2014).
Assessment of shelf-life stability
The optimal condition for each novel processing technology was selected based on the results
of quality assessment mentioned prior to this stage of experimentation. The chosen treatment
was used as the optimal processing condition for shelf-life study. Shelf-life stability of smoothie
samples was determined using a method of Yildiz et al. (2021).
Data analysis
A minimum of three replicates were carried out for all treatments. For each case, untreated fruit
smoothie was used as an experiment control. Statistical analysis was conducted to analyse the
data using IBM SPSS program. Analysis of variance (ANOVA) and Duncan’s test were used.
The significance of results was determined at P < 0.05.
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Results and Discussion
Prediction of physical and chemical properties
The colorimetric parameters and physicochemical properties (pH, TA, TSS) of treated samples
were expected to show no to minor changes as reported by many studies in fruit and vegetable
juices (Jabbar et al. 2014; Pankaj et al. 2017; Liao et al. 2018; Dars et al. 2019; Umair et al.
2019; Yildiz et al. 2020). For chemical properties, TPC and TAA also showed no negative
changes in HPP, US, and PEF as there were reported of increases in these values after the
treatment (Abid et al. 2014; Yildiz et al. 2020). However, for CP treatment, a slight reduction
of TPC and TAA was found due to the presence of reactive species (Pankaj et al. 2017; Liao et
al. 2018). On the other hand, vitamin C content of all treatments were expectedly to be
decreased.
Prediction of microbial inactivation
All of novel processing treatments were expected to show significant microbial reduction as
close to 5-log reduction. According to a recent study, HPP, US, and PEF could achieve 5-log
reduction of acid-adapted Escherichia coli (Yildiz et al. 2019). For CP, a microbial reduction
of 4.34 log CFU/mL was achieved at 50 W power input and treatment time of 30 s (Liao et al.
2018). However, Hosseini and co-researchers (2020) reported that a 5-log reduction could be
possible for CP depending on oxygen concentration of gas source, electric field intensity, and
treatment time.
Prediction of enzymatic inactivation
Inactivation of POD, PPO, and PME were focused due to their influences on fruit and vegetable
juices quality during storage. It was expected that decreases in these enzyme activities would
be significant when compared to non-treated samples depending on the processing conditions.
However, a completely inactivation could not be achieved by the novel technologies as these
enzymes had moderate to high resistance unless a combination of more than one processing
and temperature was used (Abid et al. 2014; Jabbar et al. 2014; Dars et al. 2019).
Prediction of shelf-life stability
During storage, it was expected that the shelf-life extension of smoothie samples treated with
novel technologies could achieve comparable results to thermal-treated juice. It was reported
by Yildiz and co-researchers (2021) that HPP and US were able to maintain microbial stability
until the end of storage time similarly to that of thermal-treated samples, while PEF showed
development of microbial growth after 28 days of storage. Enzyme activities were shown to be
decreased and retained during storage for CP (Sulaiman et al. 2016; Illera et al. 2019).
Conclusions
It could be concluded that HPP, US, PEF, and CP treatments could provide an overall quality
extension of fruit smoothie depending on certain processing conditions. The results could be
comparable to conventional thermal treatment and thus could be used as alternative methods
for processing of fruit and vegetable juices/beverages.
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APPLICATION OF UV AND NIR SPECTROSCOPY TO DETECT
ADULTERATION IN GIN
Sri Adithyaa Sri Bashyam, Colm P. O’Donnell
UCD School of Biosystems and Food Engineering, University College Dublin, Belfield, Dublin 4,
Ireland
Abstract
Gin is a popular distilled alcoholic beverage having flavours predominantly from juniper berries. Due
to the high consumption and economic value, there is a threat of adulteration associated. Adulteration
of distilled alcoholic beverages such as gin is typically carried out by addition of water, ethanol or
methanol. There is also a need for a low-cost, high speed, non-intrusive method to detect adulteration.
In this study, the application of UV and NIR Spectroscopy for adulteration detection of gin samples is
evaluated. Gin samples from different brands are adulterated with increasing concentrations (1, 2, 4, 8,
16, 32, 50 %v/v) of deionized water or ethanol prior to UV and NIR analysis. The UV and NIR spectral
profiles of all samples are obtained and subjected to data processing techniques for better spectral peak
observation and analysed with chemometric models for adulteration detection and determination of the
level of adulterants.
Introduction
Gin is a beverage which is most famous as spirits flavoured with juniper berries and it is typically
colourless (Riu Aumatell, 2012). Originated from Holland, Gin was initially used by doctors as a
formulation for disorders relating to the stomach and the properties of the juniper berries which were
infused in the Gin were responsible for this medicinal and health benefits (Govindaraj et al., 2020). The
taste of gin is characterized by the botanicals added during the distillation procedure to give gin its
characteristic flavour (Govindaraj et al., 2020).
The adulteration of distilled spirits with water, ethanol or methanol is a problem with serious
repercussions, which compromises the product quality and leads to loss of tax revenue (Nascimento et
al., 2011). It can cause several health problems, especially when alcoholic beverages are adulterated
with methanol (Quintero Arenas et al., 2020). Food and beverages fraud is an expanding concern, as it
is incredibly lucrative, with perpetrators profiteering at lower risk, as the legal repercussions are much
more lenient than those for other illegal activities (Power et al., 2021).
Current trends in analysis are towards fast, simple and reliable analytical techniques, particularly as
standard methodologies are expensive, time consuming and often require high trained operators, with
potential to replace them (Power et al., 2021). The routine use of UV-Visible Spectroscopy provides an
easy, rapid and economical method allowing for the analysis of different compounds in beverages
(Govindaraj et al., 2020). NIR spectroscopy has become an important analytical tool because it normally
requires little sample preparation, is inexpensive, and can be performed quickly (Engelhard et al.,2004).
Nowadays, incorporation of multivariate data analysis and processing methods provide with new means
to better interrogate spectroscopic data in the beverage and food industries (Govindaraj et al., 2020). In
previous studies, there are many investigations that have identified adulterants in other alcoholic
beverages (beer, whisky, brandy, mezcal, rum, vodka) using spectroscopy.
The Objective of this study is to investigate application of UV-Visible and NIR Spectroscopy
techniques with chemometric models to detect adulteration of Gin Samples
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Materials and Methods
Sample Preparation
Commercial gin samples of different brands were purchased from local liquor stores in Dublin, Ireland.
Deionized water or ethanol was used as adulterant in this study. Adulterated Gin samples were prepared
by creating a solution of pure Gin and increasing concentrations of deionised water or ethanol in Gin
(0, 1, 2, 4, 8, 16, 32, 50 % v/v of deionized water in Gin). Deionized water, pipettes, volumetric flasks
and quartz cuvettes used in this study were obtained from UCD School of Biosystems and Food
Engineering laboratory.
UV Spectroscopy
A UV/Visible spectrophotometer (Biochrom Limited, Cambridge, UK) was used for spectral analysis
to detect adulteration. Deionized water was chosen as blank for the baseline. The range of the scan used
was between 200 nm to 600 nm with a path length of 1 cm and interval of 1 nm. The spectral peaks
between absorbance and wavelength was obtained and reproduced using the software, GraphPad Prism
9 (GraphPad, San Diego, CA, USA).
NIR Spectroscopy
NIR Spectroscopy equipment in the UCD School of Biosystems and Food Engineering will be used in
this study to detect adulteration and spectral peaks of the gin samples will be obtained.
Data Analysis
The spectral peaks obtained of the adulterated samples will be processed to remove and correct any
baseline effects. The spectral data will be analysed using chemometric models and the software,
MATLAB R2019b (The MathWorks Inc, Natick, MA, USA) for adulteration detection and to determine
the level of adulterants in the samples.
Results and Discussion
Results

Figure 1. UV Spectral profile of Bombay Sapphire Gin with increasing concentrations of deionised
water
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UV Spectral peaks were obtained for adulterated samples of Bombay Sapphire Gin (London Dry Gin)
diluted with increasing concentrations of 1, 2, 4, 8, 16, 32 and 50 %v/v of deionized water in gin as
represented in Figure 1. From the spectra it can be observed that there is a decrease in absorbance as
the concentration of adulterant increases in the samples
Expected results
From the obtained spectral data, there is a possibility to differentiate between adulterated and
unadulterated samples from the spectral profile due to the adulterant being known. However, even then
the spectral peaks are not well defined and are too close to discriminate every level of adulterant from
the spectral profile itself. This process becomes hardly achievable using only spectral data from
different spectroscopic techniques when the adulterant concentration in the samples is not known
(Pontes et al., 2006)
Govindraj et al (2020) identified that pre-processing of UV-Visible spectra using derivatives showed
clear separation between the samples in their study. Similar results can be expected to achieve when
UV-Visible and NIR Spectral data is pre-processed in this study. Power et al (2021) observed that the
NIR Spectra observed in their study was similar to those of other alcoholic beverages reported by other
authors, where the main absorption bands were mainly derived from water and ethanol. Similar
observations are expected to be achieved in this study.
The useful of these techniques can be further enhanced by chemometric methodologies (eg :- Principal
Component Analysis (PCA)), where both classification and discrimination techniques allow
differentiation between similar samples, using their molecular fingerprint (Power et al., 2021). In their
study, Power et al (2021) found that separate PCA for different combinations (type of adulterant and
concentration) illustrated the effects of type of adulteration and concentration to their Irish Whiskey
samples and also found regression models based on PLS were developed to predict the level of
adulteration. Results of similar nature in order to achieve the objective of this study are expected.
Conclusion
In this study, UV and NIR spectroscopy techniques were evaluated for adulteration detection in gin
samples. It can be observed that it is difficult to analyse all the parameters necessary for detection only
through the spectral data obtained. Hence the spectral data obtained is to be subjected to pre-processing
techniques and analysed in combination with chemometric models to detect adulteration and the
determine the level of adulterants in Gin samples.
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RISK ASSESSMENT OF PATHOGENS IN GRILLED MEATS
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Abstract
The presence of pathogens in meat due to inadequate cooking is a serious problem for food safety. The
grilling process effectively makes the meat products reach a sufficient temperature to achieve the
purpose of eliminating pathogens. However, a great number of customers could not meet the time
requirements during the home cooking practices and are at risk of contracting food-borne diseases.
Therefore, this article simulates the grilling processes of the beef ball and beef hamburger to verify
whether they are at risk of infection with Salmonella. Therefore, this report will first focus on the
materials and methods of simulating the grilling process, and then analyse the risk of Salmonella
infection using a numerical model, and finally provide consumers with advice on sensible and safe
cooking times.
Introduction
When consumers consume food and water contaminated by foodborne pathogens including Salmonella,
Listeria, and pathogenic Escherichia coli, it can cause foodborne diseases, involving intestinal
infectious diseases and food poisoning. In 2015, the EU reported 94,625 confirmed cases of Salmonella,
which was 21.2 cases per 100,000 people, and the most samples not meeting the Salmonella standards
were meat products that needed to be cooked before consumption (European Food Safety and European
Centre for Disease Prevention 2016). In addition, human diseases caused by food-borne pathogens
could cause economic losses. It is reported that the annual health care costs and productivity losses
caused by Salmonella are estimated to be 4 billion dollars in the United States (Milkievicz et al. 2020).
Grilling is a popular cooking method, especially in Asia. It is the process of heating meat products over
charcoal or electric heating devices. It is a high-temperature process for a short period of time, and it is
really uncertain due to the difficulty for consumers to control the appropriate time. Almost half of the
participants (74/150) judged the maturity of the meat based on experience and surface colour (Langsrud
et al. 2020). However, it is difficult to determine the maturity of the thermal process based on the
changes to surface colour.
Cooking food at a high temperature (70°C) for enough time (2min) can eliminate foodborne pathogens
and ensure food safety (Lahou et al. 2015). Following the label on the food package to cook food could
make poultry cooked meat products safer than inadequate cooking methods (Roccato et al. 2015).
However, few studies focus on simulating the heating process and detecting the pathogen level to
determine the appropriate cooking method and time control. As a result, it is significant to determine
the time to grill meat to avoid the risk of Salmonella infection to ensure the safety and quality of food.
The objective of this study was to simulate home cooking processes, obtain the time-temperature
relationships, and assess the risk of Salmonella infection in grilled meats.
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Materials and Methods
Materials
According to previous studies, the main research materials are beef, pork, lamb and poultry, and meat
could be made into steaks, burgers, sausages, fillet and strips (Lahou et al. 2015). During the thermal
treatment process, the core temperature needs to be measured, because the core temperature is the
lowest among the entire meat product during heating (Pesciaroli et al. 2019). In addition, the real-time
core temperature could be measured using a T-type thermocouple or an infrared thermal imaging
camera (Lahou et al. 2015; Pesciaroli et al. 2019).
Data collection
Table 1 shows the four articles collected involving time-temperature curves. Then, the Graph Grabber
software is used to collect the core temperature values corresponding to specific time points. In addition,
D-values and Z-values for different meat are also collected. D-value is the time needed to obtain 1 log
reduction of Salmonella at a constant temperature, and Z-value is the temperature needed to obtain 1
log reduction in D-value. Table 2 shows the D-values for the inactivation of Salmonella which indicates
D-value decreases with increasing temperature and varies depending on the type of meat products. In
the lower temperature, the D value is high and there is almost no reduction of Salmonella. However,
when the temperature reaching 70°C, it is really quick to get a pasteurization effect.
Table 1. Collection of articles involving time-temperature curves

Table 2. D-values of Salmonella (Ministry of Primary Industries, New Zealand Government, 2015)

Data processing
First, the average temperature for a specific time period could be calculated and the D-value
corresponding to the average temperature could be confirmed based on the D-values in Table 2. Then,
during this period, using Log N reduction = Time difference/D-value, the log reduction value of
Salmonella could be calculated (Table 3). It is simulated that the concentration of Salmonella in beef
hamburger before cooking is at a high value of 6 log. Finally, the log value of Salmonella at a specific
time point could be obtained using log10 (N) = log10 (N0 ) − t/D.
Results and Discussion
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Numerical modelling was developed to simulate changes in microbial levels during grilling. Table 3
shows the calculation of Salmonella levels with cooking time in the beef hamburger. Based on the log
N final data obtained from the table, the log N final versus time curves could be plotted (Figure 1).
When the log value is below zero, it means that the product is considered safe. In this case, it is safe for
the beef ball after 23.1 minutes and the beef hamburger after 9.72 minutes. The core temperature of the
beef ball reaches the peak at 23.1 min and that of the beef hamburger at 11.2 min, which means that the
heating process stops at these points. The factor of safety is the time difference between the time when
the value falls below zero and the time when the heating stops. Therefore, the factor of safety for the
beef ball is 0 min, and for the beef hamburger is 1.48 min.
Table 3. Calculation of changes in Salmonella levels in beef hamburger
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Figure 1. (a) Temperature-time curves (original data from Pesciaroli et al. 2019) and (b) resulting
Log N-time predictions of Salmonella counts of the beef ball and the beef hamburger
Therefore, the numerical modelling is to convert the time and temperature into estimated bacteria
numbers to assess the cooked meat product. In this assessment, the cooked beef balls and beef burgers
are safe and not contaminated by Salmonella. However, it is risky to stop heating the beef ball when it
has just reached a safe value. If the grilling is stopped a few seconds earlier, the beef ball might be
contaminated with Salmonella. Therefore, for safety reasons, the heating time should be extended. In
comparison, the beef hamburger has a factor of safety of 1.48min, which is more desirable than the beef
ball, but also a low value. Therefore, the factor of safety should be extended to ensure that there is no
Salmonella contamination in meat products to prevent errors in cooking times for consumers.
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Conclusions
In conclusion, this paper simulates cooking meat at home to evaluate the risk of Salmonella in different
types of meats. It is useful to focus on the core temperature because the maturity of the food center is
usually ignored during the cooking process. Furthermore, a numerical model has been developed to
predict the Salmonella level variation over grilling time and temperature. Finally, it is necessary to
provide consumers with cooking time advice instead of judging the doneness of meat by surface colour.
The reduction in cooking time could lead to inadequate cooking which is causing a risk of Salmonella
infection. Therefore, the grilling time should be extended appropriately to extend the factor of safety.
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TERAHERTZ IMAGING TECHNIQUE
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Abstract
Moisture and calorie content are two important parameters in roasted nuts, which affect the
taste, shelf life and nutritional value of roasted nuts. The project will use a terahertz timedomain spectroscopy (THz-TDS) system combined with chemometrics to quantitatively
analyze the moisture and calorie content in roasted nut products. The research will use a variety
of algorithms, including partial least squares (PLS) regression, to build predictive models for
moisture and calories. The correlation coefficient (𝑅𝑅2 ) and root mean square error (𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅) will
be used to evaluate the accuracy of the prediction model. The project expects to produce several
models for predicting the moisture and calorie content of roasted nuts.
Introduction
Roasted nut is popular all over the world as an energy-dense and nutritious food source.
Moisture and calorie content are two important parameters in roasted nuts, which may affect
the shelf life, taste and nutritional value of roasted nuts. Traditional moisture and calorie content
measurement methods are offline, destructive and time-consuming. Therefore, as a simple,
accurate, fast, and non-destructive online method, terahertz (THz) spectroscopy technology is
considered to be applied to the measurement of moisture and calorie content in roasted nuts.
THz radiation is between infrared radiation and microwave radiation in the electromagnetic
spectrum. Compared with near-infrared radiation, microwave radiation and x-rays, the
application of THz is still at a very preliminary stage. THz waves share some of the
characteristics of infrared and microwave. In recent decades, with the development of THz
sources and detectors, THz spectral imaging technology has shown great potential in the field
of food product inspection (Corsi and Sizov 2014).
THz spectral imaging technology is a kind of hyperspectral imaging technology. Compared
with traditional chemical detection methods, hyperspectral imaging technique including THz
imaging technique is simpler, faster, more accurate and real-time. In addition, THz imaging
technique has unique advantages. Studies have shown that the energy levels of many biological
phenomena (such as the vibration mode of proteins or DNA molecules) fall in the THz
frequency range, which means that it can provide a wealth of intra- and inter-molecular
information including hydrophobic interactions, hydrogen bonds and van der Waals forces
between biomolecules (Baxter and Guglietta 2011; Chen et al. 2015). On the other hand,
compared with some spectral imaging technologies such as near-infrared technology, THz has
a longer wavelength which makes it less affected by scattering. In addition, compared to Xrays, THz waves have much lower energy and are less likely to damage the biomolecules of the
sample. Therefore, THz technology is considered safe for both the operator and the sample (Ok
et al. 2014).
The objective of this research is to detect the moisture and calorie content in roasted nuts
using THz imaging technology.
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Materials and Methods
Roasted nut sample
The samples were roasted cashew nuts purchased locally in Dublin. The samples were not pretreated, and the packaging was removed before the measurement.
Moisture and calorie content measurement
The moisture content and calorie content of the sample will be measured by an oven and a
calorimeter. The moisture and calorie content of the sample will be measured by an oven and a
calorimeter. In the moisture measurement, put the sample in an oven at 105°C and dry it to a
constant weight. The moisture content is calculated as follows:
𝑊𝑊0 − 𝑊𝑊
𝑊𝑊𝐶𝐶 =
𝑊𝑊0

Where 𝑊𝑊𝐶𝐶 represents the moisture content, 𝑊𝑊0 represents the initial weight of the sample, and
𝑊𝑊 represents the weight after drying.

THz-TDS system
In this study, THz-TDS spectrometer will be used to collect raw spectral data. Figure 1 shows
a typical setup of THz-TDS spectrometer. The femtosecond laser was split into Probe beam
and Pump beam by beam splitter. The pump beam is projected onto the THz emitter to generate
a THz pulse, which is focused on the sample by a parabolic mirror. The probe beam converges
on the ITO glass with the THz pulse after passing a delay line used for compensation. The probe
beam collides with the THz beam with sample information. After the collinear light enters the
THz detector, the change in its polarization state will be detected to form a THz spectrum. The
THz-TDS system can measure in transmission, reflection and attenuation total reflection mode.
In the study, the transmission mode will be used.

Data processing
The original THz spectrum data contains a lot of information about the sample, which may
include the physical, chemical, and structural properties of the sample. In order to reduce the
redundant information to reveal the correlation, it is necessary to process the raw spectral data.
In THz spectroscopy, the use of chemometric methods, machine learning and search algorithms
to build models to process raw spectral data is common in both quantitative and qualitative

117

analysis. THz spectroscopy combined with chemometric methods has been considered as an
effective analysis method (Wang and Ma 2013; Chen et al. 2015; Liu et al. 2016; Wang et al.
2017; Afsah-Hejri et al. 2019). In this study, some algorithms including partial least squares
(PLS) will be used for modeling. The PLS regression used is the same as that used by Nie et al.
(2017).
Validation
To evaluate the accuracy of the prediction model and select a more accurate model, several
coefficients will be used. Correlation coefficient (𝑅𝑅2 ) and Root mean square error (𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅)
values are often used. A model with good predictive ability should have a high 𝑅𝑅2 (close to 1)
and a low 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 (close to 0). The definitions of the above parameters are as follows:
𝑅𝑅 =

∑𝑛𝑛𝑖𝑖=1

𝑛𝑛
�∑𝑖𝑖=1

(𝑦𝑦𝑖𝑖𝑖𝑖 − 𝑦𝑦𝑖𝑖𝑖𝑖 )(𝑦𝑦𝑖𝑖𝑖𝑖 − 𝑦𝑦𝑖𝑖𝑖𝑖 )

(𝑦𝑦𝑖𝑖𝑖𝑖 − 𝑦𝑦𝑖𝑖𝑖𝑖 )2 (𝑦𝑦𝑖𝑖𝑖𝑖 − 𝑦𝑦𝑖𝑖𝑖𝑖 )2

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 = �

∑𝑛𝑛𝑖𝑖=1

(𝑦𝑦𝑖𝑖𝑖𝑖 − 𝑦𝑦𝑖𝑖𝑖𝑖 )2
𝑛𝑛

In the formula, 𝑛𝑛 represents the number of samples in the training set; 𝑦𝑦𝑖𝑖𝑖𝑖 and 𝑦𝑦𝑖𝑖𝑖𝑖 represent the
reference value and predicted value of the i-th sample, respectively; 𝑦𝑦𝑖𝑖𝑖𝑖 and 𝑦𝑦𝑖𝑖𝑖𝑖 represent the
average value of 𝑦𝑦𝑖𝑖𝑖𝑖 and 𝑦𝑦𝑖𝑖𝑖𝑖 , respectively.

Expected Result

The study expects to obtain several models for predicting moisture and calorie content in
roasted nuts with high 𝑅𝑅2 and low 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅, and to prove the feasibility of using THz imaging
technology to detect moisture and calorie content in roasted nuts.
Conclusions (expected)

The moisture and calorie content in roasted nuts were successfully predicted. This work is
regarded as part of the construction of the THz spectral database. Several algorithms were used
in the study, and there may be more accurate modeling methods for the moisture and calorie
content in roasted nuts.
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Abstract
Biomass continues to grow in popularity in Europe as a suitable fuel in energy production.
Woodchips are an attractive source of fuel due to their relatively homogenous shape and
intrinsic attributes. It is necessary to assess the quality of biomass before using it as a fuel. This
is to avoid technical problems during energy conversion. (Mancini et al., 2019). Key quality
control parameters include moisture and ash content (Sirisomboon et al., 2020). The level of
bark in a feedstock is an additional quality parameter of importance. Excessive moisture can
reduce the fuel value of a feedstock, and high bark content can lead to increased ash deposition
and fouling in plant equipment. (Toscano et al., 2017). The aim of this research is to rapidly
predict moisture, ash and bark content in biomass using spectral imaging. Through scanning
biomass within plastic sample bags, this project aims to speed up moisture and ash predictions
and allow rapid classification of bark from woodchip. Samples of bark/wood chip were created
to represent seven levels of bark content (0, 5, 10, 20, 35, 50 and 100%). Woodchip samples
were sieved to isolate bark. Bark and woodchip were then mixed by weight to create each bark
content level. Samples were bagged in duplicate, sealed, and refrigerated before use. Spectral
images for each sample were collected and imported to MATLAB for processing. A
combination mask was created to remove background and shadow from each sample image.
These images will be used to build a classification model. A comparison between the NIR (978
– 1,678 nm) and Vis-NIR (400 – 1000nm) range will be made. A moisture trial comprising
pre-determined moisture content ranges was made. Woodchip was dried at 105℃ for 24 hours
to determine moisture contents. Twelve duplicate samples in total were bagged to represent a
moisture content of 10-20, 20-30, 30-40, 40-50, 50-60, and 60-70%. Spectra were collected
from each sample and will be processed. A larger sample set comprising 120 bags of woodchip
was collected across a nine-month period. These samples were scanned in duplicate. Spectra
were collected from this set and will be analyzed for moisture and ash prediction.
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A FEASIBILITY ANALYSIS OF POULTRY LITTER VALORISATION
THROUGH THERMOCHEMICAL BIOMASS CONVERSION PROCESSES
Joshua Cooney, Fionnuala Murphy
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Ireland.
Abstract
The current application and fate of poultry litter in the agricultural sector is for land spreading as
fertiliser. This traditionally has resulted in nutrient build up, increased nutrient loading in groundwater
and consequential the eutrophication of water bodies. Alternative valorisation of Poultry litter through
thermochemical biomass conversion technologies to produce bio-products is a prospective solution for
current applications. Establishing new sustainable value chains to provide value added products in the
circular bio-economy, could prove to be an effective and useful treatment for poultry litter and provide
a promising alternative in divesting from current practices.
Introduction
In the last number of decades’ proper systems have been implanted to handle animal residues in order
to make them environmentally friendly (Bertero et al. 2019). Poultry litter is one of the main residues
in concentrated animal feeding lots, the most common disposal of poultry litter is land spreading for
soil amendment (Beausang et al.2020). One of the major issues for the poultry industry has been the
disposal of poultry litter. Land spreading applications are a faulted solution as it can result in two major
problems, eutrophication of water bodies and the spread of pathogens (Atimtay and Yurdakul, 2020).
Thermochemical technologies are a promising alternative to recover energy, while also reducing the
environmental impact from biomass waste (Bora et al. 2020). In 2014 the European Union granted
permission to obtain energy from poultry waste through thermochemical technologies, pyrolysis, direct
combustion and gasification are widely used methods to recover energy from biomass waste (Atimtay
and Yurdakul, 2020). Sustainability is one of the main global issue face by Ireland and the EU. The
Bioeconomy drives seek out potential technologies such Thermochemical processing, as a potential
solution to maintain the value of product and limit waste formation (Beausang et al. 2020).
Determining The environmental impact of Thermochemical processes through a life cycle assessment
will determine their feasibility and integration into Irish agricultural sector to provide a valuable
sustainable alternative to traditional practices.
This project aims to analyse the feasibility of thermochemical processes and the potential of
environmental impacts of these processes as an alternative to current methodologies and
applications of poultry litter.
Materials and Methods
Determining the feasibility of thermochemical technologies and their processing ability to produce bio
products from valorisation of poultry litter against conventional land spreading under a number of
sections namely, biomass availability, life cycle analysis, life cycle impact assessment, scenario analysis
and uncertainty analysis as similarly described by (Beausang et al. 2020) for Anaerobic digestion of
Poultry litter. A life cycle Assessment describing the Inventoried Biomass data for poultry litter in both
county Monaghan and Tipperary will be therefore assessed.
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Characterising the available biomass inventory, its availability and nutrients attributed with current
methodologies soil amendment with the resource. This will allow for defining the environmental impact
associated with it. The consideration of the valorisation opportunities alternative can be explored
Conducting an environmental assessment through a clearly defined life cycle assessment examining the
thermochemical biomass conversion processes, in part with a scenario analysis. The scope and goal of
the projects’ limitations and feasibility of integration of thermochemical technologies against
conventional methods of land spreading should become apparent. From this conventional and
alternative methodologies can be compared based upon their differing environmental impacts,
sustainability and ability to add value chains to the Bioeconomy.

Figure 1. Incurred processes are shown in blue boxes with a solid outline and avoided
processes are show in boxes the dotted outline. The system boundary are all major
processes considered in this study (Bora et al. 2020)
Results and Discussion
Expected Results
The project is expected to collect positive results from the researched life cycle assessment of the
pyrolysis and gasification processes. The success of adding value chains to the circular economy should
become apparent under two sections; feasibility of the thermochemical processing and determining
whether integration of the technology is practicable in the location of analysis chosen, Monaghan and
Tipperary. Similar researched work investigating valorisation of poultry litter by (Bora et al. 2020)
found that thermochemical processes outperformed the conventional land spreading application, where
it was noted that there is observable climate change impact (15-53% improvement). This analysis was
conducted using the IMPACT 2002+ method.
Pyrolysis and Gasification processes are expected to display positive results. The gasification of poultry
litter has shown significant reductions in global warming potential and a major decrease in water body
eutrophication, by more than 90% (Jeswani et al. 2019). Compared to other biochemical technologies,
there was noticeable observed reductions in Ammonia emissions, this was largely due to reduced
storage time, which also result in further GWP savings (Jeswani et al. 2019). There is a high probability
that the similar observed results will be drawn from the project in GWP and water body eutrophication.
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Conclusion
The valorisation of poultry litter is expected to provide a feasible alternative to conventional land
spreading for soil amendment. Both gasification and pyrolysis are expected to produce positive
outcomes from their respective environmental assessments in addition to also adding value chains to
the Bioeconomy. However, given the location and feedstock availability it is yet to be known whether
the integration of these alternatives into the Irish agricultural sector will be possible.
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Economic Analysis of a hybrid microgrid; A case study of Tory Island,
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Abstract
Many small islands in the European Union still rely on diesel fuel for electricity generation. This study
assed the economic feasibility of integrating renewable energy technologies into a diesel-run microgrid
on an island off the northwest coast of Ireland. The techno-economic analysis was performed using the
renewable energy software, Hybrid Optimization Model for Electric Renewables (HOMER). The
optimisation model considered energy from diesel generators, along with the two renewable energy
technologies with greatest potential based on the island’s resources: solar photovoltaic (PV) and wind.
The results showed that a system which incorporated all three was optimal, leading to a net present
(NPC) cost of €728,307, a levelised cost of energy (LCOE) of €0.30, and renewable energy penetration
of 91.5%.
Introduction
Connecting offshore islands to mainland grids via submarine high-voltage cables carries considerable
costs, and its feasibility is typically determined based on distance and energy requirement (Jamnian et
al. 2019). Located 9km off the coast of county Donegal, Tory Island is the only year-round populated
island that is not connected to the national grid, and the state utility company have no plans to change
this. The island, with a population of 120 people relies on two diesel generators for electricity, which
consume ~ 500 L of diesel daily.
The cost of renewable energy has fallen considerably in the past twenty years, making it increasingly
feasible for isolated microgrids (Gioutsos et al. 2018). Wind and solar are the most applied systems
because of their modular nature, allowing versatility in location, size and cost. (Khare et al., 2016). As
well as reducing carbon emissions, the integration of renewable energy with existing diesel generators
can lower the cost of energy and increase energy independence of Islands (Gioutsos et al., 2018).
Because of the intermittent nature of renewable energy, such systems require substantial storage.
Hybrid Island microgrids with high renewable penetration have been successfully established on the
British Isles, the most cited example being the Isle of Eigg off the west coast of Scotland (Chmiel and
Bhattacharyya, 2015).
This study aimed to assess the economic feasibility and optimal configuration of a hybrid grid on
Tory island.

Figure 1. Map showing the location of Tory
Island.

Figure 2. West town; one of the two villages on
the island

124

Methods
The following renewable resources and system components were input to the HOMER optimisation
model. Until data on the island’s current diesel consumption and electrical load is made available,
estimates will be used. There is no information on the type or condition of diesel generators on the
island, so the model assumes that new ones will be bought.
Site-specific renewable resources
Meteorological data was sourced using NASA Prediction of Worldwide Energy Resource feature
available within HOMER. Mean solar radiance is highest June (5.29 kWh/day) and lowest in December
(0.38 kWh/day; fig. 3). Clearness index is highest in May (0.507) and lowest in December (0.293).
Average wind speed is highest in January (11.5m/s) and lowest in July (7.35m/s; fig. 4).

Figure 3. Mean monthly solar radiance

Figure 4. Average monthly wind speed

Electrical load
The electric load was calculated based on the following assumptions: The island has a population of
120 people, and there are 2.73 people per household nationally, suggesting there should be 44
households. The average Irish household consumes 4,200 kWh of electricity per year (CER, 2017), with
higher demand in winter than over the summer.
4,200 kWh x 44 = 184,800 kWh/year = 506kWh/day
Solar PV
According to an International Renewable Energy Agency report (IRENA, 2019), the average installed
cost of utility-scale solar in the UK is €1150/kW. This value was used in the optimisation model, as
there are no cost data available for Ireland. The model assumed a replacement cost the same as the
capital cost (€1150/kW) and an operation and maintenance cost (O&M) of €25/year.
Wind Turbines
Based on the predicted electrical load, 10kw wind turbine was chosen with a capital cost of €55,000,
replacement cost of €55,000 and O&M of 500€/year. A range of between 0 and 6 turbines were
considered.
Battery storage and inverter
Lead acid batteries were chosen for this study, as they are the least expensive, and well suited to the
charge cycles of hybrid microgrids (May et al., 2018). These were assigned a capital cost (per kWh) of
€350, a replacement cost of €350 and an O&M cost of €15/year. Inverter capacity was estimated to
have a capital cost of €320/kW, a replacement cost of €320 and O&M cost of €40/year.
Diesel generator
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The generator was assigned a capital cost of €500/kW, a replacement cost of €500 and O&M cost of
€0.05/hr. A capacity range of between 0 and 60 kW was considered, in increments of 10kW. The model
was run using the average price of state-subsidised diesel, which is €0.6/L (IFA, 2017).
Results and Discussion
Table 1. Cost summary of optimal hybrid system
Cost
Wind
Summary
System
Solar PV Turbines
Capital
€295,700
€46,000 €165,000
Replacement €144,144
€0
€52,603
O&M
€156,320
€12,928 €19,391
Fuel
€166,491
€0
€0
Salvage
-€34,347
€0
-€29,645
Total
€728,307
€58,928 €207,349

Generator
€20,000
€37,717
€67,766
€166,491
-€3,026
€288,948

Lead
Acid
Battery
€45,500
€45,677
€25,209
€0
-€143
€116,243

Inverter
€19,200
€8,146
€31,026
€0
-€1,533
€56,839

Figure 5. Cumulative nominal cash flow of optimal hybrid system (blue) and diesel-only system (grey)
over time
The capital costs of a diesel-only system are lower than the optimal hybrid system (€178,500 vs
€295,700), but after 5 years of operation, the cumulative costs become higher (Fig. 5). The net present
costs of the optimal and diesel system are €728,307 and €939,800, respectively. The results of the
optimisation are heavily dependent on the price of diesel, which is susceptible to fluctuation (Gioutsos
et al., 2018).
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Conclusion
The results of this study indicate that a hybrid grid powered by diesel generators, solar PV and wind
turbines would be cost effective on Tory Island. A diesel-only scenario resulted in a LCOE of €0.40,
whereas the optimal hybrid configuration had an LCOE of €0.30, a reduction of 25%. The capital costs
of a diesel-only system were lower but running costs were substantially higher. Further study will
include accurate data on the island’s fuel use and electric load, as well as more realistic costs of system
components. It may also assess the feasibility of using old electric vehicle batteries for storage.
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Abstract
Wind energy is currently the world's largest renewable energy source with a growth of 3441%
experienced between 2000 to 2018 (SEAI 2021). Since 2018 wind has provided approximately 30% of
Ireland's electricity demand, with this figure expected to grow as more investment is made by the
government and large industry stakeholders (SEAI 2011). Wind is an ever-changing element with
recorded statistically significant increases and decreases in average speeds such as a global 8% decrease
from 1980 to 2010 and a 17% increase from 2010 to 2019. As this may have both positive and negative
effects on the quickly growing industry in Ireland it is a key area of interest. With the use of GIS and
economic modelling software. The following study will aim to track the historic change in wind patterns
in Ireland, its effect on potential wind power generation and the possible role climate change may have
on such results. It is expected that these mentioned changes will also be reflected in the final output of
the study.
Introduction
Wind energy plays a large role in Ireland’s goal to achieve its 70% total renewable energy penetration
by 2030 stated in the Climate Action Plan (Department of Communications, Climate Action &
Environment 2019). To date, Ireland is 2nd globally in overall wind energy penetration with the source
accounting for 32.5% of total electricity production (Latest News 2020) and 85% of the nation’s
renewable energy production (SEAI 2021). There has been a 3441% increase in Irelands installed wind
capacity from 2000 to 2018 (SEAI 2021). This growth is set to continue as a detailed Wind energy road
map has been released by the SEAI, outlining a goal of 40,000 MW in installed capacity by 2050 with
an expected cumulative investment of €100-200 billion (SEAI 2011).
Research by Zhenzhong Zeng et al. (2019) found that on average wind speeds globally have increased
by 0.4 m/s from 7 m/s to 7.4 m/s since 2010 which equates to a ≈17% increase in potential wind power.
the high increase in potential power is due to wind power being a function of the 3rd power when all
other factors are kept equal. Concerning Ireland, there has been a decrease in wind speeds documented
between 1990 – 2005 (Nolan 2015). Separate reports and studies have shown various results for
projected increasing wind speeds in northern Europe (Hueging et al. 2013). These conflicting reports
highlight a target area for research. As climate change affects multiple parameters that are correlated to
the wind there may be changes in its direction and patterns. New wind patterns could provide alternative
suitable locations for wind farms but may also reduce the efficiency and power output of existing wind
farms (Nolan 2015). These changes may be of concern to the stated future €100-200 billion wind energy
industry of Ireland.
Objective: The objective of this study is to analyse and quantify the historical change of Ireland’s
potential wind resources with the use of GIS technology and economical modelling software and
furthermore, determine climate changes potential influence on the findings
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Material and Methods
Weather data – Met Eireann
Met Eireann provides weather information on 507 weather stations a total of 23 contained complete
daily records relating to maximum air temperature, minimum air temperature, mean wind speed, highest
10-minute mean wind speed, wind direction at max 10 minutes, highest gust and mean Convective
planetary boundary layer (CBL) pressure. Table 1 contains the names and years for which the stations
have collected data for. As the reference turbines hub length is 64 m tall the wind speed at this height
will be calculated using log law as shown in equation 1.
Table 1. Weather stations
Station name
Athenry
Ballyhasie
Belmullet
Casement
Cork Airport
Dublin Airport
Dunsany
Claremorris
Mt Dillon
Newport
Oak Park
Roches Point

Available data
2010 – present
2005 – present
1956 – present
1964 – present
1962 – present
1942 – present
2006 – present
1950 – present
2006 – present
2005 – present
2003 – present
1955 – present

Station name
Finner
Gurteen
Johnstown ii
Knock Airport
Mace Head
Malin Head
Moore Park
Mullingar
Shannon Airport
Sherkin Island
Valentia Observatory

Available data
2011 – present
2008 – present
2005 – present
1996 – present
2003 – present
1955 – present
2003 – present
1973 – present
1945 – present
2004 – present
1942 – present
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V = velocity to be calculated at height Z

Z = height above ground level for velocity V
Vref= known velocity at height Zref
Zref= reference height where Vref is known
Z0 = roughness length in the current wind direction
Equation 1. Log law Wind speed
Terrain data – DEM USGS Shuttle radar topography mission (SRTM)
To improve the accuracy of the study a Digital Elevation Model (DEM) data set of the country of Ireland
was downloaded which was published by the US geological survey in 2000. The dataset contains the
bare earth surface height of Ireland with a minimum vertical accuracy of 2.9 m (Mukul, Srivastava,
Jade and Mukul 2017).
Spatial Data – Data.gov
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Open source Environmental and physiographic and infrastructure data outlined in table 2 will be
downloaded from ‘Data.gov.ie’. These datasets are provided by various Irish government agencies
under EU INSPIRE directive (INSPIRE Directive).
Table 2. Spatial datasets
Datasets
Protected areas
Rivers
Coastlines and wetlands
Lakes
Ancient and cultural monuments

Residential areas
Road
Railways
Airports
Transmission lines
Methods
ArcGIS – suitability map creation

ArcGIS is a Geographic Information System (GIS) program used to analyse and visualise locationbased data. The various spatial datasets collected will undergo restrictive and classifying analytical
methods to create various suitability maps for different criteria. Environmental and physiographic
suitability maps will be binary thus only showing areas that match all necessary criteria.
A weighted classifying techno-economic suitability map will also be created with its output ranging
from values between 1 and 3 with 1 being areas of best suitability and 3 the worst. These suitability
maps will be superimposed upon one another in a restrictive manner to only produce areas that are
acceptable for wind farms see figure 1. This method follows steps used by Noorollahi et al. (2016).

Figure 1. Suitability map workflow

Calculating the number of wind turbines per site
For the study, it will be assumed that 100% of the land with the highest suitability rating will be used.
The Enercon E-70 turbine will be used as reference as it is one of the most common onshore turbines
in Ireland see specification in table 3. A spacing of 7 rotor blade lengths will require a 497-meter
distance between each turbine. This is to minimise any interference the turbines will have with each
other.
Table 3. Enercon E-70 specifications
Enercon E-70
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Rated Power
Rotor Diameter

2.3MW
71m

Wind Zone
Wind Class

WZIII / WZ 4 GK I
IEC IA and IEC IIA

Economic Analysis
HOMER Pro is an energy modelling software that is used to model energy systems in relation to
viability, power output, cost and so on. The various data points such as weather, suitability maps and
turbine type used will be inputted to calculate the power output and the economical requirements and
potential of Ireland's wind resources. This calculation will be repeated yearly to track any change.
Expected Results and Discussions
Expected Results
As outlined by research published by Atkinson et al. (2006) there was a documented decrease in wind
speeds across Ireland between 1990 to 2005 and research by Zeng et al. (2019) indicated a global
increase from 2010 to 2019. The outputted models should correlate with this and show a downwards
trend in power potential while also showing a negative effect on the visibility of multiple wind farms.
A reversal in this trend should be seen from 2010 at the latest. It is not known if the change in wind
speeds will change the overall area in which wind farms are suitable.
Linking the historical change in wind patterns to climate change may be difficult due to the number of
variables that are taken into consideration. Correlations with previous climate change studies will be
sought after but a conscious effort on avoiding confirmation bias will be made.
Conclusion
Overall wind is an ever-changing, complex element that is affected by multiple parameters. Year by
year there is expected to be a change in speed. By tracking previous changes in wind patterns, it may
be possible for large stakeholders in the industry to plan accordingly for the future in relation to new
potential wind farms, or the distribution of resources across the globe.
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Abstract
Energy crop production on cutaway peatland has huge potential in Ireland, primarily due to existing
infrastructure, drainage, and incapability to support intensive agricultural practices, thus eliminating
land competition constraints. In this study, the growth performance of several potential energy crops
will be analysed using hyperspectral imaging. The results obtained from the samples will be used to
determine the most suitable energy crop(s) which can be grown on cutaway peatlands, and from there,
select a bioenergy conversion technology best suited to that energy crop(s). Once a suitable energy
crop(s) and bioenergy conversion technology is established, a cost analysis can be carried out to
determine the feasibility of the best-suited system to implement on a cutaway peatland, energy
production facility.
Introduction
The utilisation of marginal lands such as cutaway peatland for energy crop production would potentially
reduce the competition with land currently used for food production, thus having a positive socioeconomic impact (Laasasenaho, 2017). Lands previously used for peat extraction are defined
as “Cutaway Peatlands” and are typically referred to as “wastelands” due to their limited capacity to
support large-scale agricultural practices sustainably (Laasasenaho, 2017). There is 82,080 ha of
industrial classed peatlands in Ireland, with 16,000 ha classed as “cutaway” in 2017 and continuously
rising (Renou-Wilson, 2011; Black et al. 2017). The potential for energy crop production on cutaway
peatland is heavily dependent on soil characteristics such as pH, porosity, and bulk density, which are
factors that determine the growth capacity for plants and ultimately the viability of sustainable energy
crop production on cutaway peatlands (Laasasenaho, 2017; Kitir et al. 2018).
Most large-scale industrial cutaway peatlands are over 1000 ha in size and adequately set up for an
energy crop production system in terms of infrastructure, transportation via railway line, and the
existing drainage systems that would provide adequate drainage during the summer months when the
harvesting of most energy crops occurs. In many ways, the existing infrastructure on cutaway peatlands
combined with the adaptation of the surrounding ecosystems makes energy crop production a more
sustainable approach than the abrupt rewetting, which would dramatically affect the newly adapted
ecosystem (Renou-Wilson et al, 2019; Beyer et al, 2021). Energy crop growth, crop diversity potential,
and overall quality of the feedstock would determine the most suitable bioenergy conversion technology
and, overall, the suitability of adopting an energy crop system on cutaway peatlands. The addition of
lime will play a key role in improving the peat soil fertility and structure. Lime is a valuable soil
conditioner and pH regulator which can be used in organic agriculture practices due to its natural
characteristics. The addition of lime on peatland will be costly in terms of application and the sheer
volume required on the acidic peatland (Biasi et al, 2008; Gibbons et al, 2014). The crops in this study
are chosen with bioenergy conversion technologies such as an organically fed-green biorefinery and
Anaerobic Digestion (AD) plant in mind.
Hyperspectral imaging for grass quality analysis is a growing technique applied in the lab and on the
field where imaging techniques and NIR spectroscopy can be used to obtain spectral and spatial
information on field samples (Dale et al, 2013). Hyperspectral imaging can be used to analyse chemical
properties of plant leaves such as water content and the presence of macronutrients and micronutrients
available in the plant and help determine the plant's growth performance (Pandey, 2017).
The study aims to determine an energy crop(s) that will grow sufficiently on cutaway peatlands
with minimum inputs for use in a bioenergy conversion technology whilst achieving sustainability.
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Materials and Methods
Seeds, Soil, and lime
Many food crops are considered for this study due to their traditional use in Ireland and common
management practices. The crops chosen are maize, fodder beet, barley, red clover, fodder rape, kale,
and grass mix. The seed samples were sourced from Germinal Ireland (Thurles Co. Tipperary), and the
peat soil was sourced from Bord Na Mona’s cutaway horticultural peatland in Robinstown, Ballivor
Co. Meath. Agricultural lime was sourced from Hanly quarries (Elphin, Co. Roscommon). Seed sample
trays were prepared in early March ahead of planting on the actual peatlands in Robinstown. The sample
seed trays were prepared for germination and plant leaf sampling purposes. The pH of the peat soils
used in the seed tray samples were tested using de-ionised water and pH test strips. The virgin peat soil
had a pH of 5.5 and the virgin peat soil with lime applied had a pH of 6.5. Peat soils tend to be more
acidic (pH of 4-5.5) than conventional mineral soils (pH of 5.5-7.5) thus reducing the uptake of nutrients
in plants, applying lime will increase the alkalinity of peat soil and enhance the uptake of nutrients,
improving crop performance (Gibbons et al, 2014).
Sample seed trays and plots
Sample trays were prepared with virgin peat and virgin peat with lime added to increase the alkalinity
of the soil and promote favourable soil conditions. Small amounts of lime were applied to the peat with
pH tests carried out between applications until the soil pH reached 6.5-7. 1.4 kg of lime was used for
the seed tray samples. All seed samples were subject to one variable which was virgin peat soil and
virgin peat soil with agricultural lime added. The sample trays were placed in a room with a stable
environment at a temperature of 26ºC and a daily watering regime.
Seed plots will be prepared for field observation purposes to assess growth capacity of the energy crops
when exposed to the environment. Plots of 0.0005 ha will be prepared and only crops which have
germinated in the seed tray samples will be chosen for the field study. Realistic sowing methods will
be applied in the field, i.e., air seeding and direct drilling.
Data Analysis
Leaf samples will be taken from the seed trays and analysed in UCD. NIR Spectroscopy equipment in
the UCD School of Biosystems and Food Engineering laboratory will be used to assess the chemical
properties of plant leaves and determine the growth performance of the samples in ideal conditions on
virgin peat and virgin peat with lime applied. The crop(s) with the best growth performance will be
used to select an appropriate bioenergy conversion technology. The information gathered throughout
the study can be used to carry out a cost analysis to determine the feasibility of an energy crop system
on cutaway peatland.
Results and Discussion
Seed germination was observed for all seed tray samples for both virgin peat soil and virgin peat soil
with lime applied. The growth performance of barley and grass is clearly visible, the addition of lime
has resulted in fuller seed trays to date and there is a visible difference in the plant health which was
observed by colour. Maize and fodder beet seeds germinated in both seed trays but no visual observation
of growth performance and health can be observed yet.
Observations so far indicate that the growth performance of crops on peat soils with lime applied may
outperform growth performance of crops on peat soils with no lime applied. It is expected that the crops
may not perform as well when exposed to the environment during the field trials. The trials which will
be carried out in the field can be used to predict yields of the best performing energy crop(s). Once a
yield is established, the technical potential of the energy crop(s) can be calculated for a certain area and
a feasibility analysis can be carried out to determine the feasibility of an energy crop system on cutaway
peatland.
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Conclusion
The energy crop yields and growth performance are expected to be lower than conventional crop yields
considering that peatlands are regarded as marginal for crop production, however, considering if an
organic approach is adopted and if lime application will suffice a respectable energy crop yield on
cutaway peatlands it may be sustainable to produce energy crops on cutaway peatlands. If agrochemicals are required to achieve respectable energy crop yields on cutaway peatlands, economic and
environmental sustainability may be compromised. If time allowed, it would be worth planting larger
field plots and actually harvesting the samples and ensiling the crops and then carrying out a quality
analysis on the ensiled crop and determine its quality for use in a bioenergy conversion technology and
its feeding quality for use in the agricultural sector as silage.
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Abstract
This study constructs a potential business case for a green technology planning on entering the area of
marine plastic collection. A business case is an essential piece of framework that should be completed
by all prospective start-ups to ensure that key aspects of a business proposal are addressed and can be
easily viewed by potential investors. This study begins with an overview of the current marine plastic
debris crisis and what is being done to solve this crisis. The study then uses methods such as the ‘fivecase model’ which allows start-ups to assess five key areas that need to be addressed before any launch
can take place. The investigation will also use primary market research to collect information on
consumer knowledge, sentiments and purchasing habits towards marine plastic and recycled products.
The results of the study reach a conclusion that there is a strong business case for green technologies
planning on entering the area of marine plastic collection.
Introduction
The production of cheap plastic and the spike in demand for single use items such as food containers
and polyethylene bags mean that there has never been more plastic ending up in marine settings . A
completed marine plastic survey in 2010 suggested that the tonnage of plastic entering the ocean in that
year was somewhere between 4.8 and 12.7 million (Jambeck et al., 2015).
Every year, thousands of tonnes of this marine plastic debris (MPD) is transported over thousands of
miles due to winds and ocean currents and subsequently end up in large ocean gyres, also known as the
7 great garbage patches. The biggest of these garbage patches is the ‘Great Pacific Garbage Patch’
which contains an estimated 1.8 trillion pieces of MPD and measures up to 15,000,000 km2 (Niaounakis,
2017). Although an immediate thought would be to target these garbage patches and significantly
reduce the crisis, there are several issues stopping this fix. Firstly, these garbage patches, along with
50% of total marine plastic debris sit beyond any national boundary. This means that no one country is
responsible for any of these areas of plastic accumulation and as a result, no action has been taken to
solve the crisis (Borrelle and Rochman, 2017).
The lack of any national action to the marine plastic debris crisis has subsequently meant that there is
an insufficient level of legislation regarding plastic management and collection targets. Weak
legislation has meant innovation and new technologies have been slow to develop and the biggest
collector of marine plastic remains fishermen who are subsidized for their collection in some regions.
Despite this grand challenge, positive signs have emerged recently with large scale ocean boom
technologies being deployed to collect large amounts of plastic. Despite these successful developments,
there is only one major player in the ocean boom market meaning that there appears to be huge potential
for a green technology to enter, be profitable and become a potential leader in this market.
The objective of this study is to find out if there is a business case for green technologies to be
profitable in the area of marine plastic collection.
Materials and Methods
The Five Case Model
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This study will use the method of the five-case model, as seen in the ‘Making Sense of Public Sector
Investments’ book to fully structure and focus on each vital aspect that emerging businesses must satisfy
when proposing a business plan. This method is a key tool used by start-ups and projects looking to be
successful in investment appraisals. (Smith and Flanagan, 2001) The five-case model consists of five
cases (strategic, economic, commercial, financial and management). Firstly, the strategic case covers
the context of the marine plastic industry, current legislation and policy including the ‘EU Clean Seas
Campaign’ and the ‘Honolulu Strategy’, the capabilities of a green tech to meet demands of plastic
processors and will ultimately highlight if there is a need for change in this area. The economic case
looks at the potential return on investment of this start-up launching. Factors that need to be considered
included calculating costs, sensitivity analyses, worst-case scenarios, economic risks, constraints, and
dependencies. A thorough investigation into current competition and players is also essential in this
case. (Smith and Flanagan, 2001) The commercial case looks at the feasibility and commercial viability
of a new marine plastic collection business delivering plastic waste. Key aspects of the commercial case
also include the supply strategy such as infrastructure, services and buildings needed. Other key areas
include potential channels to market, contracts with other players such as end users and any strategic
partnerships needed with other businesses. Symbolic marketing will also be looked at due to the benefits
of recycled marine plastic products to environmentally conscious consumers and the inelastic price this
will likely have.

Figure 1: The Five Case Model Framework (Smith and Flanagan, 2001).
(Smith and Flanagan, 2001) The financial case is a full financial appraisal of the proposed green
technology which will highlight the affordability of the business. Financial accounting methods such as
an income statement, cash flow forecast, sales projection and breakeven analysis will be used to fully
comprehend the income, expenditure, and targets that marine plastic collection business is likely to face
from prototype development to five years into business. This case will also see the appraisal of several
potential sources of capital investment such as venture capitalist, EU grants, angel investors and bank
loans. (Smith and Flanagan, 2001) Finally, the management case will highlight how the proposal
project can be delivered practically. Aspects that need to be clarified for this case to work include roles
in the green technology, location of the plastic collection, governance structure, clear delivery dates and
milestones and a contract management plan.
Primary Market research
Primary market research was conducted by creating an 8-question survey on Google forms that was
posted and advertised online before subsequently being completed by a sample size of 30. The survey
was designed to understand the existing knowledge, emotions, and consumption habits of consumers in
the marketplace with regards to marine plastic. This research and results collected will help to
understand if there is a demand amongst consumers for an end product of marine plastic debris. If the
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demand does not exist, the plastic processor will not see any reason to process marine plastic waste and
therefore the business case for this green technology would fail.
Results and Discussion

Figure 2. Results from question 6 of the market analysis research survey.
The results from this question present an interesting finding. More than 65% of the survey participants
state that they are environmentally conscious consumers. This is a huge percentage of the sample size
and is most likely the result of environmental awareness campaigns and the recent rise of climate youth
activism. These results indicate that there is without doubt a market for upcycled products made from
marine plastic waste.
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Figure 3. Results from question 8 of the market analysis survey.
The results from figure 3 suggest that a large percentage of the population (75.9 %) would be willing
to pay slightly extra for substitute plastic products knowing that they have been recovered from marine
settings. More people are resonating with the symbolic value of recycled products and as a result are
willing to pay slightly additional prices.
Conclusions
It can be concluded that there is a business case for a start-up green technology to enter the area of
marine plastic debris collection. The methods used in this project suggest that this type of start-up is not
only badly needed and wanted by consumers to change the marine plastic crisis. The business case
satisfies the key areas of strategic fit, economic, commercial, financial and management viability which
is essential for any business that plans on making profits in the long run.
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Abstract
Peanuts are one of the most important sources of fats and proteins for humans and are widely
grown worldwide. Plumpness (expressed as the percentage of peanut core and shell) is an
important index to reflect the quality of peanut seed. The research used a terahertz (THz) time
domain imaging system to scan terahertz data for healthy peanuts, incomplete peanuts, and borers.
After obtaining terahertz imaging, peanut peel and peanut core were separated, and RGB images
were recorded for reference. In this research, a control experiment was set to select the terahertz
range in which the absorption coefficients and time domain signals of peanut shell and kernel
were significantly different. The dynamic threshold segmentation method was used to establish
the fullness model of terahertz image and RGB image. The expected result of the research is that
the plumpness of peanut can be measured using terahertz time domain imaging technology to
achieve the purpose of quality evaluation of peanut.
Introduction
Peanut is the second largest oil crop globally, second only to rape (Zhou, 2016). The plumpness
of peanut seeds is a key index reflecting seed vigor, which affects seed yield and oil quality.
Ensuring the quality of peanut can improve the quality and yield of peanut edible oil and ensure
the safety of oil supply and reduce the dependence on oil import. Generally, peanuts with large,
plump and non-damaged grains have high vigor. They are more likely to produce high quality
and high yield after planting, which means that peanuts with high plumpness contribute to the
increase of peanuts quantity and quality per plant. Therefore, the measurement of plumpness
helps elucidate its response characteristics in the terahertz domain and provide technical
support for peanuts quality control.
At present, high performance liquid chromatography, enzyme-linked immunosorbent assay,
liquid chromatography and tandem mass spectrometry have been widely used in the detection
of harmful components in peanuts. Although these methods have high sensitivity and accuracy,
the analyte must be extracted from the sample through complex steps. The reagents used are
harmful to the operator (Hu et al., 2016; Li et al., 2017). Besides, traditional methods for testing
peanut viability, such as tetrazolium salts and standard germination tests, are also destructive
and time-consuming (Gua et al., 2013).
Therefore, it is urgent to find a safe, non-destructive, non-invasive, reliable and convenient
method for peanut quality evaluation. Terahertz time domain imaging technology is a new
spectrum technology which integrates computer vision and spectrum technology. Terahertz
wave has the penetration characteristic of submillimetre wave and the fingerprint characteristic
of infrared spectrum. Besides, terahertz radiation is a non-ionizing radiation with a photon
energy of only about 1 to 10 meV than X-rays with a photon energy greater than 5 keV, which
means a high level of safety for operators. It may be an ideal alternative to X-rays for quality
detection (Afsah‐Hejri et al. 2019). These advantages make the terahertz time domain imaging
technology has great application potential in peanut quality evaluation.
The objective of this study was to evaluate the quality of peanut by using hyperspectral
imaging to measure the saturation of peanut.
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Materials and Methods
Sample Preparation
In order to fully investigate the performance of terahertz in the detection of thin-shacked seeds,
80 peanuts (including whole peanuts, moth-eaten peanuts and peanuts with incomplete kernels)
were collected from a local seed company. Because the water content has a great interference
to the terahertz wave, the water content of the sample selected in this experiment is below 8%.
Experimental Setup
A terahertz time domain imaging system was used in this study, as shown in Figure 1.

Figure 1. The THz imaging experimental setup (Sun, X. & Liu, J. 2020).
Data Acquisition
In this study, the terahertz frequency used in the experiment is between 0.1 and 7.0 terahertz,
and the maximum transmission scanning area can reach 150 mm*150 mm. The ambient
temperature of the laboratory is controlled at 22 degrees Celsius. Before the experiment, dry
air is injected through an air pump to make the relative humidity inside the terahertz equipment
reach 3%. The influence of moisture in the air on the terahertz wave is minimized. Assuming
that polyethylene plates (PE plates) are transparent at terahertz frequencies, 3 mm thick PE
plates are used as supporting platforms for peanuts. Each peanut was placed on the PE board
for point-by-point scanning, and the average number of scans for a single point was set to 64
times. Image collection is controlled by software. After scanning, terahertz spectral information
of peanut can be obtained, including the spectral information corresponding to each pixel and
terahertz images of different frequencies. After the terahertz images were collected, the peanut
shell and peanut kernel were separated by manual operation. To simplify the image processing,
the peanut shells and seeds were shot against a pure black background, with an RGB camera
set at the same height and the same light intensity (Sun and Liu, 2020).
Image Analysis
The terahertz image was extracted by Matlab2013, and the image segmentation of the complete
peanuts and background and the peanut shell and kernels was realized by artificial threshold
judgment. Thus, the fullness was calculated by the kernels and shell area ratio, which was
expressed as %. Because the edge image is too thin, it may be lost during terahertz image
processing and segmentation. So, to maintain their integrity, peanuts are manually separated
into shells and cores after terahertz images are taken. Next, collect their RGB images. Manual
retesting was performed to confirm the presence of incomplete nucleolus and moth damage
samples for qualitative analysis. The RGB image of peanut was processed by threshold
segmentation, which divided the image into background and region of interest. The plumpness
calculated from the RGB image is used as the reference value of the modified terahertz image
plumpness measurement model.
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Results and Discussion
Prediction of Terahertz Spectral Characteristics of Peanuts
Peanut is a typical shell - wrapped fruit. In general, we cannot obtain the physical and chemical
properties of the kernel without loss. Terahertz image information of core and spectral
information of shell can be obtained by penetrating thin shell. Because terahertz has millimetre
wave penetration characteristics and has the fingerprint characteristics of infrared spectrum.
Polyethylene glycol, polyethylene, peanut kernel and shell have different absorption
characteristics for terahertz pulse, because the phase and amplitude of the terahertz pulse have a
certain delay attenuation. Their absorption strength is in descending order: peanut kernels, shells
and polyethylene materials.
The main composition of peanut shell is cellulose (40%), and the main composition of peanut
kernel is fat (49.6%) and protein (23.6%). Cellulose's ability to absorb terahertz waves increases
gradually between 0.5 and 2.0 terahertz, fat and protein absorption is very strong, and the
amplitude of the time-domain signal is almost zero. Peanut shells are high in cellulose and are
increasingly absorbent in the 0.5-2.0 THz. The absorption intensity of peanut kernels in the 0.52.5 THz increased with the increase of frequency. As a multi-component biomaterial mainly
composed of carbohydrates, sound peanut with shell was expected to have no obvious
characteristic peak in the whole experiment. The absorption characteristics of shells and kernels
are significantly different in the 0.5-2.0 THz. Therefore, terahertz images corresponding to the
0.5-2.0 THz are extracted for further analysis (Sun, X. & Liu, J. 2020).
Prediction of Plumpness
Plumpness is an important index to evaluate seed quality. The traditional method of detecting the
plumpness of shelled seeds can only be realized by destroying the shell. The terahertz wave has
good penetrating ability and has no damage to peanuts. Plumpness can be measured by calculating
the area of the peanut kernel from an RGB image.
Since this research has not been carried out in the experimental stage, there is no image data at
present. The terahertz time domain images of sunflower seeds were obtained according to the
published literature, as shown in Figure 2.

Figure 2. Terahertz image of sunflower seed in different frequency bands, (Sun, X. & Liu, J.
2020).
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After completing the experiment of this study, the terahertz time domain image of peanut was
obtained. The threshold value judged the peanut shell region and peanut kernel region in the
image. The area of each region can be obtained by counting the number of pixels in each region.
Plumpness of peanuts THz image was 𝑃𝑃𝑇𝑇 :

𝑆𝑆𝑇𝑇2
× 100%
𝑆𝑆𝑇𝑇1
Where 𝑃𝑃𝑇𝑇 represented the saturation of peanuts THz image; 𝑆𝑆𝑇𝑇1 and 𝑆𝑆𝑇𝑇2 represented the area of
the nut and shell of the peanut in the THz image.
𝑃𝑃𝑇𝑇 =

Conclusions

The study assessed the quality of peanuts by calculating their plumpness using terahertz
imaging. The characteristic images of 0.5-2.0THz, 0.5-1.0THz, 1.0-1.5 THz and 1.5-2.0 THz
controls were extracted. Defects and intact peanuts could be clearly distinguished in the 0.52.0THz. It is expected that the saturation model of terahertz image and RGB image can be
established by using threshold segmentation, and the saturation of peanut sample can be
calculated. The expected results are that it is feasible to measure the plumpness of intact peanut
and evaluate the quality of peanut using terahertz imaging technology.
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Abstract
This paper presents the design of a Solar Photovoltaic off-grid system to supply electricity to rural
homes for a traditional family in La Mosquitia Region, Honduras. Since Honduras has a strong
solar energy potential, this study comprises the irradiation analysis for the selected area. The
proposed system is designed to supply 100% of the energy demand, supporting mainly lighting
and appliance load in a rural house. Using the estimated energy load data, the sizing for the best
system scenario has been developed with HOMER Pro's software. The software Helioscope will
be used for the architectural design, future energy analytics, shade analysis and site assessment.
Introduction
The constant growth of energy consumption in a world of high population growth forces a
search for new energy resources to satisfy this great energy demand. More than 1.3 billion
people lack access to electricity, which affects rural areas of developed countries (Ranaboldo,
2015). The traditional approach for delivering electricity in several countries to remote areas is
by constructing diesel generators (Raimundo et al 2010). Diesel generators, however, have
some strong flaws and limitations, such as the high and unpredictable cost of electricity, the
constant need for the population to transport fuel, and the unavoidable emission of carbon
dioxide and other contaminants.
The selected area for the project is La Mosquitia, Honduras. The Mosquitia region is part of
northeastern Honduras' Gracias a Dios Department, with a land extension of 16,630 km2. In
2008, the population surpassed 80,000 people, reflecting a population density of 4.8
inhabitants/ km2, the lowest in the country (Preston, 2015). After Nicaragua, Honduras has one
of Latin America's lowest rates of rural electrification. Approximately 54 percent of the rural
population currently lacks access to power. More than 386,000 families or more are estimated
to remain without access to electricity in rural areas (INE, 2009). In the western region of
Honduras, the national electricity grid is centralized, while the sparsely inhabited eastern region
lies entirely outside the commercial line-extension ranges. The population is heavily scattered
in rural areas, and access to electricity is always difficult. These two features limit the
conventional grid from supplying electric services and call for off-grid site-specific
alternatives.
Renewable energy technologies have proven to be a reliable and affordable alternative for
autonomously electrifying isolated communities. The Sun has become a natural and
irreplaceable energy source for humanity. Thanks to its abundant energy potential, it can have
varied applications such as energy production, water heating, and air conditioning.
This study's main objective is to design an off-grid economic PV solar system that can
provide 100% of the Electricity demand needed by a traditional family located in the
rural community of La Mosquitia, Honduras.
Materials and Methods
Off-Grid PV System

143

An off-grid system is an electrical installation that supplies one or more appliances with energy
completely independent of a power grid (Häberlin, 2012). An off-grid system is not connected
to the power grid and thus requires battery storage. The high battery and off-grid inverter costs
mean that off-grid systems are far more costly than on-grid systems, so they are typically only
used in rural areas far from the electricity grid. The four main components that make up an offgrid system are: Solar modules, Charge controller(s), Batteries, Inverter(s).
Solar Irradiation in Honduras
Solar irradiation is the quantity that measures the energy per unit area of incident solar radiation
on a surface placed in a specific place and time range (Wh / m2). Figure 1 shows the map of
Honduras with global irradiation throughout the territory, which will serve as the basis for
designing any solar installation and thus increasing its efficiency.

La Mosquitia

Source: (World Bank Group, 2019)
Data analysis for La Mosquitia, Honduras
Honduras is a tropical country and has excellent solar potential with the highest values
located in the country's south region. Specific data for La Mosquitia Region, obtained from
World Bank Group (2019), is presented in Table 1. The data is essential for the solar design
process and calculations.
Table 1: Solar Data for La Mosquitia Region in Honduras
Data
Abbreviation
Value
Unit
Specific photovoltaic power output
PVOUT
3.88 — 4.34
kWh/kWp
Direct normal irradiation
DNI
3.33 — 4.41
kWh/m2
Global horizontal irradiation
GHI
4.79 — 5.33
kWh/m2
Optimum tilt of PV modules
OPTA
14 — 16
°
Air temperature
TEMP
23.9 — 26.3
°C
Terrain elevation
ELE
-31 — 954
m

Estimation of the Load and Energy Consumption of the House
The preferred home is situated in the isolated community of La Mosquitia. People in rural areas
do not use electric heaters or air conditioners to heat or cool their houses and usually employ
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using gas or wood for cooking. The average load for a rural house is minimal, with an expected
7-9 kWh/day load. Table 2 shows a description of the energy load estimation for a traditional
family in rural communities such as La Mosquitia.
Table 2: Energy Consumption for a Traditional House
Quantity Power [W] Hours of Use Energy per day
[kWh/day]
Lights
5
25
6
0.75
Fan
3
75
4
0.90
TV
1
150
4
0.60
Small Refrigerator
1
250
4
1.00
4
150
2
2.40
Miscellaneous load
5.65
Subtotal
1.13
20% Increment
6.78
Total
Item

Preliminary Design
System Sizing
HOMER Pro was used to complete the intended system pre-design. In the results, more than 364
different configurations were evaluated, and the chosen system was found to be the most costeffective including factors such as initial capital cost, excess electricity generation, cost/kWh, and
system performance. According to the results, the system will consist of: Solar PV System of 6.72
kW, Battery system of 8 Trojan batteries of 225Ah and a system converter of 1.32kW. Figure 2
shows the schematic diagram of the system.

Figure 2: Schematic diagram of the proposed system
The proposed system gives a total of 43 hours of autonomy, making it feasible for rural
communities which lack a regular access to electricity. The solar panels selected will be
polycrystalline, due to their lower costs. The data gathered from the Homer pre-design will be
used to compare to regular calculations obtained from different literature formulas. Within the
pre-design, it is necessary to identify if there are obstacles in the area, shadow analysis to know
the losses of the system. It is also important to perform an architectural analysis to see the
feasibility of placing the solar panels on the roof or on the ground.
Conclusions
The proposed design is viable for implementation in rural areas in developing countries, providing
the facility to provide electricity to these communities. For the Mosquitia region, taking into
account that its daily load for a traditional family is 7-9 kWh / day, energy can be provided through
a 6.72 kW off-grid PV project with 8 batteries of 225Ah and a converter of 1.32kW. This project
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will help the area reduce its dependence on diesel generators, bringing benefits for both the
environment and families.
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Feasibility Assessment of a Gravitational Water Vortex Hydropower System in the
County of Dublin, Ireland
Bernardo Salomon, Patrick Grace
UCD School of Biosystems ad Food Engineering, University College Dublin, Belfield, Dublin 4, Ireland.
Abstract
Demand for more clean energy and environmentally friendly energy sources are continuously growing to
reduce the total amount of greenhouse gas emissions. An economical and technological feasibility
assessment is being developed for the County of Dublin with the basis of supporting the Irish Government’s
requirement to comply with European Legislations. Models will be produced using Homer Pro software to
evaluate the feasibility of implementing gravitational water vortex hydropower. The success of the models
will be measured by the electrical output which can be generated, to satisfy the load requirements and the
overall cost-benefit of the system. Results will indicate the number of possible locations where this type of
renewable energy system could be developed.
Introduction
The depletion of fossil fuels combined with the increase in energy demand and greenhouse gas emissions
creates a need for the adoption of renewable energy systems and sustainable alternatives for electricity
production. As a means to tackle these issues, the European Legislation requires nations to decarbonize
their economies. The plan to achieve this is by the establishment of directives that state members within the
European Union must comply with. One of these is Directive 2018/2001 which promotes the use of energy
from renewable sources and sets a renewable energy target of at least 32% by the year 2030 (European
Parliament, 2018). Ireland possesses abundant renewable energy sources which can be exploited to reach
its renewable energy targets. One of these is the hydro resource from the Irish water bodies.
Hydropower is a cleaner energy source that contributes less greenhouse gas emissions and produces less
pollution during the operation stage (Liu et al., 2013). Nevertheless, as of 2018, only 4% of the renewable
energy production in Ireland has come from hydro resources (Sustainable Energy Authority of Ireland,
2020). This creates an opportunity for projects considering small and micro hydropower. The advantage of
this type of system is that it does not require the construction of a dam or a large water reservoir. Besides,
small and micro-hydroelectric plants are suitable for an under-exploited niche for power generation such
as low-head sites from canals or rivers (Guzmán et al., 2019).
Traditional Kaplan and Francis turbines have been found suitable for low-head applications, however their
design and manufacture are relatively complicated and expensive (Demetriades et al., 1995). Consequently,
Gravitational Water Vortex Hydro Power Plant is a new turbine technology that has emerged to compete
with these conventional systems (Timilsina, 2018). The system function is based on harnessing the kinetic
energy contained within the water flowing through a canal or river by the means of a turbine. The main
characteristic of the open basin is that it generates an artificial free-surface vortex flow. The formation of
an air-core as a result of the free-surface translates into a reduction of the cross-section area of water
passing. The lessening of the flow area reduces significantly the relative flow rate for a given head and
increases both tangential and axial velocity (Timilsina, 2018). Thus, creating appropriate conditions for
hydroelectricity generation.
The objective of this study is to assess the economical and technical feasibility of a Gravitational
Hydro Power Plant within the limits of the county of Dublin, Ireland.
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Materials and Methods
The complete assessment will consist of turbine design and characteristics selection, data collection of
different sites for evaluation and the modelling of the renewable energy system aided by Homer Pro
Software.
Gravitational Vortex Hydropower Turbine Design Variations
According to Timilsina, et al., (2018) there are four main variations of the studied type of hydro turbine as
illustrated in Figure 1. The conical chamber turbine (b) is the one assumed for this study as it is more
suitable for smaller plants despite it being more complex to build given its geometry. The reason for
selecting this turbine is that for low flows, its shape alleviates the turbulence created at the intake of water
and it directs the flow in a more stable direction. Furthermore, the stabilization of the inlet flow results in
the formation of a more stable vortex with more efficiency (Timilsina, 2018).

Figure 1. Type of gravitational hydro vortex turbine inlet and basin structures (Timilsina, 2018)
Data Collection
To produce the system model, large quantities of data are being gathered sourced from different datasets.
As this study aims to evaluate the feasibility of the system in the county of Dublin, the Sustainable Energy
Authority of Ireland and corresponding governmental agencies are being consulted to acquire the
information relating to the demand for energy by the local community. The intended dataset should cover
a period of 10 years to have as much accuracy as possible for the simulation results.
The locations assessment is being carried out by evaluating the characteristics of potential sites from the
“Small Scale Hydro Electric Potential of Ireland” report published by the Department of Energy (1985).
Although this report was developed in 1985, most of its data is still correct nowadays (Sustainable Energy
Authority of Ireland, 2020). The evaluation of these reports in combination with information gathered from
a real-time website (Office of Public Works, 2021) that details the water level of the rivers and canals, will
provide a list of potential sites.
Homer Pro Software
The Hybrid Optimization of Multiple Energy Resources (HOMER) Pro program will aid the modelling of
the system by evaluating the economic and technical properties of the project. The electrical load
requirements will be imported into the software to analyse the models created. Additionally, the technical
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evaluation of the system will be done by inputting the specifications and calculated efficiency of the
gravitational hydropower turbine. As for the economic evaluation, a literature review of similar projects
will be consulted to determine the capital cost, operation and maintenance expenses of the hydropower
plant. This will provide sufficient information to carry out the economic assessment of the project and
determine metrics such as Net Present Cost and Payback Time.
Results and Discussion
As research is on-going for the project with the majority of the work to be completed, it is difficult to
ascertain exact results. Nevertheless, the expected results will be presented in this section.
Expected Results
The expected outcome of the study is a full model on Homer Pro with the analysis of multiple selected site
locations. These results will include the total amount of electricity that can be generated by each system
and if this is sufficient enough to meet the demand. Furthermore, the results will include economic metrics
to determine the total costs required to implement the project and the overall cost-benefit analysis. A
sensitivity analysis will be carried out to further evaluate the soundness of the study and determine what
information would be beneficial to research further. Depicted in Figure 2 are the results of a similar run-ofcanal micro-hydro simulation made by Kamran et al., (2019).

Figure 2. Net metering (Kamran, et al., 2019)
Conclusion
Gravitational Water Vortex Hydropower Plants are a renewable energy system that has proven to be more
efficient than traditional turbines for low-head scenarios. Once completed the study should provide enough
information to determine if the implementation of this system is economically beneficial within the county
of Dublin. In addition, the total expected output according to the technical capabilities of the system will
be determined. The results of the sensitivity analysis should give a better understanding of the variables
that need to be researched even further to allow more accurate results.
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LIFE CYCLE ASSESSMENT OF CHICKEN MOBILE COOP SYSTEM
IN POULTRY FARM
CASE STUDY:MAGNER’S FARM CO.WICKLOW
Joseph Shembilu, Fionnuala Murphy
UCD School of Biosystems and Food Engineering, University College Dublin, Belfield, Dublin 4,
Ireland.
Abstract
Poultry farming is significantly evolving worldwide. This has led to its modernisation in terms of
farming systems which incorporates new technologies and practises over time. Consequently, this
escalates the concerns in the operational impacts to the environment. This study evaluated the
sustainability potential of the chicken mobile coop system by using ISO 14040/44 life cycle assessment
methodology. The evaluation considered both foreground variables like chicken production
performance and the background variables which include energy provision in feed production, transport
modes etc. As compared to other chicken housing systems like conventional caging, enriched cage
system, free range system and free run system, the expected results showed that, the mobile chicken
coop is very likely to have less contribution within the lifecycle impact categories for the system studied
(global warming, acidification potential, eutrophication potential, cumulative energy demand and
abiotic resource depletion). This is because of its high control in terms of resource management like
better gas permeability, good manure management as it can be easily cleared, the better insulating ability
and production of renewable energy (i.e. solar energy) is more feasible. All these factors lead to its
effectiveness in resource cycling within the farming system and at the same time contribute to a more
natural living environment for the chickens.
Introduction
Chicken products market has advanced considerably over the past decades (Pelletier, 2017). The main
products for the system studied include chicken meat and eggs. Chicken products are not only widely
affordable but also important sources of protein, vitamin B, minerals and low saturated fats (Sidek and
Suffian, 2017). The aforementioned housing systems are static and this results to more accumulation of
nitrogen and phosphorus through leaching. Consequently, this lead to increased acidification and
eutrophication potentials and reduced air quality which affects the wellbeing of the chickens. Moreover,
due to luck of forage opportunity within the conventional systems, the demand for feed increase leading
to more cost of feed as well as the environmental impacts associated with feed production and
consumption (abiotic depletion, global warming etc.).
The result of this study will be beneficial to the farm owner and all interested stakeholders (farmers,
individuals or companies) who wish to adopt this system of poultry farming. The result will equip them
with the science-based information regarding resource use efficiency and the overall environmental
performance of the system. Just like any other agricultural system, this study has a scope for further
studies so as to offer more mitigation measures of environmental impacts while improving the system’s
resource use performance.
The objective of this study is to evaluate the sustainability of a mobile chicken coop system to
increase resource optimisation by using life cycle assessment methodology.
Material and Methods
Systems Approach
The general approach for the system in this study included structural models for manufacturing, models
for processes and simulation models which were unified to one system approach so that any alteration
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detected in any part of the system could be detected and effect the other parts of the system. This
approach is applied to quantify all the environmental burdens from cradle to gate per 1000kg of eggs
produced.
Subsystem models development
The GaBi software (GaBi Education version 9.2.1) was used to develop the model as well as the sub
models within the system for all the flows that come within the system boundary as inputs and those
flowing out as useful output which are marked as functional unit, as well as all emissions to the
environment. The functional unit for this system is 1000kg of eggs produced. The systems modelled
included crop processing, feed milling, livestock processing, crop production etc.
Data collection
Foreground system data are those directly collected from the system of interest (energy consumption,
feed type and rate, mortality rate, birds weight etc) which for this case is the mobile chicken coop, for
the analysis in this study the foreground data were collected directly from the field.
Background system data which are linked to the foreground for this system include supply of energy
carriers (sources such as fossil fuels and electricity), inputs to feed production and processing
subsystems as well as transport modes. The data relating to feed production are adopted from the
selected conventional LCA studies (González-García et al., 2014, Lesschen et al., 2011, Pelletier et al.,
2014, Pelletier, 2017, Xin et al., 2011, Shepherd et al., 2015, Nguyen et al., 2012, de Vries and de Boer,
2010) while other input data like energy sources, fertilizers, pesticides and transportation models are
derived from LCI databases which include Eco-Invent, IPCC 2006, CML 2001 and TRACI 2003 and
are modified to reflect Ireland energy inputs.

Figure 1: System boundaries for the chicken mobile coop system
Expected Results and Discussions
The lifecycle impact categories considered in the study (global warming potential, resource use and
abiotic depletion) for the system studied are expected to show significantly lower impacts compared to
the other literature reviewed conventional systems. This is due to forage opportunities provided by the
use of mobile chicken coop, the supply of diet especially the concentrates are significantly reduced,
consequently minimising the variable costs of feed as well as chicken rearing (Walker and Gordon,
2003). Importantly the reduced feed consumption and minimised chicken rearing resources makes an
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effective way to combat the environmental pollution in the life cycle assessment of the mobile coop
poultry farming system (Bestman et al., 2011)
The eutrophication potential (EP) and acidification potential (AP) within the system studied are also
expected to contribute less to the impact based on the fact that mobile chicken coop system allows the
direct litter deposition and therefore the manure management control is very high compared to other
systems. Moreover, due to its mobility, the relocation of the coop minimises the leaching of Nitrogen
(N) in one area which could lead to increased concentrations.
Table 1: Environmental burdens from conventional chicken housing system (Williams et al., 2009)
Impact Category
All housed
Free range
Organic
Primary energy used, GJ

16

16.7

18.5

GWP, tCO2e

2.6

3.0

3.9

Eutrophication Potential, kg PO4-Equivalent

20

25

43

Acidification potential kg SO2-Equivalent

37

46

63

Pesticides used Dose-ha

3.0

3.7

0.3

Abiotic resource use, kg Sb- Equivalent

15

16

23

Conclusion
Overall, the mobile chicken coop has just being introduced to the farm and it is not yet common to many
areas of the country but it has a promising future due to its potential to provide solutions to several
challenges faced by the other systems. The system also provides several opportunities to save cost,
maintaining natural conditions while mitigating environmental impacts within its life cycle.
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Assessing the Viability of Emerging Ocean Energy Technologies as Significant
Contributors to a Future Bioeconomy
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Abstract
The incredible power of the oceans and its potential to solve the world energy problems has long been
considered by scientists and engineers alike. However, so far, pilot projects with the aim of harnessing that
energy in an efficient and scalable manner have all ultimately failed. This study aims to identify the reasons
for these failures, examine emerging technology designed to overcome these problems, and ultimately
ascertain whether ocean energy technology can contribute in a meaningful way to the overall bioeconomy.
The research will consist of both technical and economic feasibility studies of new technologies. The results
of which may give an insight into the viability of the emerging technologies and answer the question as to
whether they are succeeding in overcoming the problems they set out to resolve. Finally, the results and
findings will present a greater understanding as to the viability of ocean energy technologies on a large
scale.
Introduction
The area of ocean energy is one of great potential but also fraught with numerous barriers to success. As
such, technologies are constantly evolving to solve newly discovered problems. Therefore, it is important
that up to date research is done investigating the progress towards success that is being made in order to
evaluate the resources that should be allocated to such technologies. This study will identify key parameters
for the viability of large-scale, commercial ocean energy systems. Those parameters will then be
quantitatively analysed, and an assertion will be made, based on that research, as to the future viability of
such technologies.
It is the objective of this paper to ascertain whether or not ocean energy technologies can develop to
the point that they can significantly contribute to the future bio-economy.
Numerous studies have made the claim that wave and tidal power could contribute in a significant way to
a future bio-economy. Estimates of the theorical potential of such technologies range from 100 – 400% of
global electrical energy demand (Boshell, 2020). A recurring theme among wave power experts is that wave
energy is where wind energy was three decades ago (Levitan, 2014). At that time, engineers had not come
to a consensus on the optimal design for a wind turbine. But through decades of research, a commonly
accepted optimal design was developed. This is the optimistic view for the future of ocean energy, that
wave and tidal technology can reach a level of advancement and refinement as that of wind energy.
Boshell et al. (2020) agree Levitan’s assertions are still relevant. They conclude that “wave energy
technologies have not seen a convergence towards one type of design, as has happened for other
technologies such as wind energy”. They also regard 10 different wave energy technology types as being
meaningfully pursued at present. Oscillating bodies, oscillating water column and overtopping devices are
some technologies that hold significant promise in this area.
One of the more basic and simple device types is a point absorber. Consisting of a relative spar anchored
to a buoyant float, when the float is excited by the waves, it moves relative to the spar. This resonant motion
creates electrical energy (Scruggs, Jacob, 2009).
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Through the exploration of past failures and current development, a greater understanding of the true
potential and rate of development of ocean energy could be achieved. Projects such as Pelamis, Aquamarine
and the Delta Stream Tidal Project give interesting insight into some of the challenges which ultimately led
to their failure.
Pelamis
Pelamis consisted of five connected sections which flex and bend in the waves. Hydraulic rams harnessed
this movement at the joints which in turn drove the electrical generators located inside the device
(emec.org.uk). Although promising, Pelamis went into administration in 2014 due to unprofitable energy
yield and persistent maintenance problems.
Aquamarine Oyster
Aquamarine’s Oyster project gained significant industry attention when it was developed in 2009. The
technology was designed to be installed in the near shore and consisted of a 12 by 4-meter buoyant flap
which oscillated with the flow of waves. The forward and back motion of the flap was the principal action
that generated electricity. The project was fraught with environmental issues in relation to disruption of
marine life. It also proved to be very expensive to install, negating the electrical generation profit. The
project eventually lost investor confidence and went into administration.
Delta Stream Tidal Project
The Delta Stream Tidal Project was an £18 million development installed in the Ramsey Sound of the coast
of Wales. It consisted of a series of turbines (similar in appearance to wind turbines) installed on the seabed.
The turbines were designed to turn with the tide and generate electricity in a similar fashion to wind
turbines. The project was connected to the grid and large-scale electricity generation was expected.
However, less than three months into operation, the sonar which was supposed to turn off turbines to protect
marine life malfunctioned leading to the complete halt of the project (Kelsey, 2016). Although it was
restarted, repeated issues with sonar, expensive processes in the raising to the surface of turbines for
maintenance and low electricity generation yield ultimately led to the abandonment of the project.
Further research into the developments being made to overcome the challenges that led to these failures is
necessary but it is beyond the scope of this introductory paper. Current developments will, however, be
extensively reviewed and compared to past failures throughout the course of the full study.
The theoretical electricity generation of tidal energy is seen as lowest of all ocean energy technologies, at
approximately 1,200 TWh/yr (Boshell et al., 2020). There are many documented reasons for this, but a
common consensus is that the inability of many countries on earth to harness this energy is a key factor.
Location specific issues is the problem in regard this inability. The technology of tidal range has been
developed in the hope of boosting the global potential of tidal energy. This involves the application of a
dam or barrier to trap tidal water when it come into a bay and then uses the difference between the water
height inside and outside of the dam to generate electrical energy. This is achieved through the discharge
of water out of the dam or barrier through turbines.
Research Methods
Literature Review
A comprehensive analysis of existing knowledge will be undertaken. The structure of this analysis will be
to initially compile an expanse of knowledge on past failures of ocean energy technologies and provide a
summary of key failures and inherent challenges in the harnessing of ocean energy. This will be followed
by a study into current technological developments and key engineering advancement being made in the
area. Finally, Current pilot projects utilising these advancements will be analyzed and compared to past
failed projects.
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Technical Feasibility Study
Analysis of the technical parameters for overcoming existing challenges will be undertaken. This research
will be based on quantitative figures that can easily be compared during analysis. Total electrical energy
generated, and energy yield rate will be important factors for analysis and comparison between technologies
past and present.
Economic Feasibility Study
Cost and profit are key factors in assessing the commercial feasibility of ocean energy technologies. While
it is widely accepted that no ocean energy technology is currently economically viable on a commercial
scale, improvements in lowering costs and increasing income through electricity generation will be critical
to analysis when determining whether or not ocean energy can become viable on a commercial scale. This
analysis will be quantitative in nature.
Predicted Results
IRENA foresees global cumulative installed capacity growing ten-fold from 28GW in 2019 to 230 GW by
2030. Boshell et al. (2020) through their research published in their study for IRENA, predicted that ocean
energy in the form of Tidal and Wave technologies have the potential to become cost competitive with
other forms of energy production. Although they acknowledged that costs were still far too high today.
Their study concluded that at present, average costs across tidal and wave technologies are €0.47/kWh or
more but that with continued advancements, this figure could drop to under €0.15/kWh by 2030.
Bedard et al. (2010), in their Overview of Ocean Renewable Energy Technologies, choose to quantify
results in terms of amount of ocean energy technologies progressing through each stage of development.
They found that only several dozen prototype devices had progressed to rigorous subscale laboratory wavetank or tow-tank model testing. Of these, only 2 dozen progressed to short-term (days and months) tests in
natural waters. Finally, only a handful of devices progressed to long-term (greater than 1 year) testing as
full-scale prototypes in natural waters.
Although this technical study was conducted over ten years ago, it is expected that the results of this current
study will yield similar results in terms of percentage of prototypes developing from initial prototype to
final long-term testing. This is because although technological advancements have been made, so too has
competition for funding. It is, however, expected that overall numbers of prototypes progressing to longterm testing will have increased since 2010.
Conclusion
The aim of this study will not be to assess the current viability of large-scale ocean energy developments,
as many studies already clearly show it is not viable. Instead, the rate of progress will be analyzed through
quantitative research in order to main an assertion as to whether large-scale ocean energy developments
can become a viable contributor to the bio-economy in the medium-term (10-20 years). The initial literature
review will inform the later quantitative research by highlighting the important areas for analysis. The
current literature review indicates costly access for maintenance, the corroding nature of the ocean and low
electricity generation yields as the main barriers to viability. Further literature review may uncover other
important areas for quantitative analysis.
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Abstract
Ireland’s anaerobic digestion (AD) deployment is falling behind the rest of the EU member states. There
is an excellent potential for AD plants to fill the renewable energy target gaps ahead of the 2030 climate
target plan. Chicken manure is considered an animal by-product, often valorised as organic fertilizer. It
could be incorporated into the AD process as feedstock and produce biogas and high-grade fertilizer
digestate. Anaerobic digestion provides better control of the fertilizer characteristic, therefore,
mitigating the chance of eutrophication. Ambiguous governmental regulations regarding the waste and
energy generation of AD pose a severe obstacle for the deployment and the utilization of organic waste.
In this research, Irish AD policy and regulation will be reviewed, suggestions on improvement will be
discussed. Optimal AD configurations for chicken manure will be developed.
Introduction
In 2020, the European Union passed the 2050 net-zero greenhouse gas emissions target into law as part
of the European Green Deal. For the mid-term strategies review, the 2030 climate target plan is
enforced. The target plan is set to increase renewable energy percentage in the national grid and improve
waste management to reduce greenhouse gas emissions (DCCAE, 2020). Currently, there are 11 million
poultry in the Republic of Ireland, with over 71% located in the Border Midland West Region (BMW),
primarily within medium to large farm sized (Census, 2016). The rest are located in the South West
Region, with a smaller farm size. AD has the potential to contribute to the renewable energy target. The
AD industry's potential energy production in Ireland could reach over 34,000 terajoules (equivalent to
9.4 TWh) solely from slurries and manures by 2030 (Štambaský and Pazera, 2016). There are 28 Biogas
plants with a total capacity of 30MW in Ireland in 2014 (Štambaský and Pazera, 2016). The majority
of the plants are integrated into wastewater treatment. When co-digesting with waste oil and other crops,
AD technology provides a versatile tool to decarbonize the agricultural, animals, and waste sectors.
Chicken manure contains high nitrogen, phosphorus, and potassium content, which is excellent for the
growth of crops as an organic fertilizer. The common usage includes pellet-form fertilizer and land
spreading in agricultural settings (Bayrakdar et al., 2017). However, land spreading could lead to the
cumulation of nutrients and causing eutrophication of the surrounding water body through groundwater
runoff. Anaerobic digestion processes chicken manure by rendering down nutrients' concentrations. It
produces by-product digestate, which is possible to turn in to soil amendments and organic fertilizers.
The process also produces biogas, a low carbon fuel. Several methods are developed to remove the
ammonia content from chicken manure, which favour the yield of biogas. The removed ammonia is
then recovered as ammonium sulphate (Bayrakdar et al., 2017).
Due to the potential bio-hazardous nature of chicken manure, it is governed by strict regulations. These
restrictions regulate the transportation, storage, and usage of such organic wastes and digestate, which
hinder the development of anaerobic digestion in Ireland. As a result, the utilization of anaerobic
digestion to treat chicken manure remains low in the Irish poultry market. Ireland was ranked 20th
among the EU28 countries to deploy anaerobic digestion (Štambaský and Pazera, 2016). One of the
examples being that the pasteurization requirement in Ireland is prohibitively expensive compared to
the EU standards (Coultry et al., 2013). It is the result of inadequate governmental policies, the lack of
financial support (Auer et al., 2016).
The objectives of this study are to review current Irish legislation regarding the anaerobic
digestion of poultry mature and to assess potential AD configurations suitable for use with poultry
manure in Ireland.
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Materials and Methods
Chicken Manure
The data of nutrient content in chicken manure will be taken from the Agriculture and Food
Development Authority. It is presented in table 1.
Table 1, Nitrogen, phosphorus, and Potassium Content in Different Settings and Moisture.
N kg/m3
P kg/m3
K kg/m3
Broiler/ deep litter
Layers (30% D.M.)
Layers (55% D.M.)

28
14
23

12
6
11

36
12
24

(Teagasc, 2021)
Depending on the moisture content, the concentration of nitrogen, phosphorus, and potassium can vary.
Configurations of Anaerobic Digestion
Serval published research papers will be reviewed and considered for the possible configurations of
anaerobic digestors for chicken manure. Different conditions will be considered, including dry monodigestion, co-digestion (Bayrakdar et al., 2017; Shapovalov et al., 2020.; Wang et al., 2012; Zhang et
al., 2017).
Legislation and Policy
Regulation composed by these Irish authorities will be considered and reviewed:
● Department of Agriculture, Food and the Marine,
● Sustainable Energy Authority of Ireland,
● Food Safety Authority of Ireland,
● Environmental Protection Agency, and
● Bord Pleanála.
The review will include the requirement of environmental impact assessment of prospective anaerobic
digestor projects (applicable for large scale AD plant), condition requirement during the construction
phase under the Safety Health and Welfare at Work Act 2005. Due to different regulations and
requirements for the scale of AD, it will be broken down into two categories under their issuing
authorities, for larger-scale AD plant and small scale on-farm digestor. Other EU member states’ policy
will also be reviewed, especially from the leading countries in the biogas production, including
Germany, Italy, Czech Republic, and France.
Case Study: Ballymount Chicken Manure Mono-Digestor
A case study on the Ballymount AD plant will be conducted due to its relevance to this research. Details
regarding the AD process's operation will be studied, including but not limited to its feedstock intake,
pre-treatment, storage buffer, and digestate condition.
Expected Results and Discussion
Configurations of Anaerobic Digestion
It is expected that there will be two configured mono-digestion settings for a large-scale centralised
digestion plant and a small-scaled on-farm digestor. Process charts and table of operation parameter is
expected to be developed. Possible co-digestion feedstock will be discussed in discussion as it expands
the topic boundary by introducing other feedstocks.
Legislation and Policy
Legal requirements are reviewed and listed out precisely under its issuing authorities. A flow chart
determining the different requirement based on the scale of anaerobic digestor is expected. It will act as
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a guide on the developments and operations of AD plants in Ireland. Possible improvements to the Irish
regulation will be discussed by comparing other EU member states’ regulations.
Conclusion
Designs of anaerobic digestors for a large-scale centralised digestion plant and a small-scaled on-farm
digestor were assessed through reviewing various research papers. Two scales of configurations could
provide insights on the development for different farm size and concentration in BMW and SW regions.
The legislation flow chart demonstrated the requirements for different AD plants with processing
capacities. Specific regulations are required to be revised to encourage the development of AD. With
modifications on regulations, the deployment of AD in Ireland could reach its full potential by 2030,
help meet the climate target plan 2030.
References
Auer, A., Vande Burgt, N.H., Abram, F., Barry, G., Fenton, O., Markey, B.K., Nolan, S., Richards, K.,
Bolton, D., De Waal, T., Gordon, S.V., O’Flaherty, V., Whyte, P. and Zintl, A. (2016).
Agricultural anaerobic digestion power plants in Ireland and Germany: policy and
practice. Journal of the Science of Food and Agriculture, 97(3), 719–723.
Bayrakdar, A., Sürmeli, R.Ö. and Çalli, B. (2017). Dry anaerobic digestion of chicken manure coupled
with membrane separation of ammonia. Bioresource Technology, 244, pp.816–823.
Central Statistics Office (2018). Farm Structure Survey 2016. [online] Central Statistics Office. Ireland:
Central Statistics Office. Available at: https://www.cso.ie/en/releasesandpublications/ep/pfss/farmstructuresurvey2016/ [Accessed 30 Mar. 2021].
Coultry, J., Walsh, E. and McDonnell, K.P. (2013). Energy and economic implications of anaerobic
digestion pasteurisation regulations in Ireland. Energy, [online] 60, pp.125–128. Available at:
https://www.sciencedirect.com/science/article/pii/S0360544213006658 [Accessed 29 Oct.
2020].
Department of Communication, Climate Action and Environment (DCCAE) (2021). Ireland’s Draft
National Energy and Climate Plan. [online] Government of Ireland, pp.1–273. Available at:
https://www.gov.ie/en/publication/0015c-irelands-national-energy-climate-plan-2021-2030/
[Accessed 2 Apr. 2021].
Shapovalov, Y., Zhadan, S., Bochmann, G., Salyuk, A. and Nykyforov, V. (2020). Dry Anaerobic
Digestion of Chicken Manure: A Review. Applied Sciences, 10(21), 7825.
Štambaský, J. and Pazera, A. (2016). The Potential Size of the Anaerobic Digestion Industry in Ireland
by the Year 2030. [online] www.irbea.org. Available at: http://www.irbea.org/wpcontent/uploads/2016/11/Report-1-Potential-Size-of-the-Anaerobic-Digestion-Industry-by2030.pdf [Accessed 9 Mar. 2021].
Wang, X., Yang, G., Feng, Y., Ren, G. and Han, X. (2012). Optimizing feeding composition and
carbon–nitrogen ratios for improved methane yield during anaerobic co-digestion of dairy,
chicken manure and wheat straw. Bioresource Technology, 120, 78–83.
Zhang, W., Lang, Q., Pan, Z., Jiang, Y., Liebetrau, J., Nelles, M., Dong, H. and Dong, R. (2017).
Performance evaluation of a novel anaerobic digestion operation process for treating highsolids content chicken manure: Effect of reduction of the hydraulic retention time at a constant
organic loading rate. Waste Management, 64, 340–347.

161

TECHNO-ECONOMIC ASSESSMENT OF MICROALGAE
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Abstract
Anaerobic digestion is a fast-developing technology, particularly, in Europe. This process produces a
high amount of liquid digestate with adverse environmental impacts due to high nitrogen content as
well as other toxic substances. However, microalgae are capable of valorising anaerobic digestion of
by-product waste through the uptake of digestate as a substrate, thus producing algal biomass.
Extraction and treatment of algal biomass can generate high-value products, for example, omega-3 fatty
acids. In this work, an economic assessment analysis of the complete process will be applied to consider
the capital and operational expenditures, product revenue, and the potential profit and/or loss margin.
Our initial estimation suggests that the harvesting step, among other processes, is the most energyconsuming and cost-intensive. However, sensitivity analysis will be implemented as well as a cost
minimisation approach to assure the delivery of a high-quality financial strategy.
Introduction
Recently, microalgae have received substantial attention from both industry and academia (Solé-Bundó
et al., 2019) in applied biotechnological research with different perspectives on water, energy, and highvalue bioproducts (Nagy et al., 2018). Microalgae production in biorefineries has a low-cost advantage
in which wastewater streams are used as a nutrient substrate, therefore achieving the dual aim of the
treatment of wastewater and the production of high-value products (Solé-Bundó et al., 2019). Moreover,
due to their ability to reduce nutrients as well as lower the CO2 footprint, microalgae have been used to
treat various types of wastewater, such as livestock wastewater, municipal wastewater, and effluent
from anaerobic digestion (AD). In addition, the resulted algal biomass can be utilised as a bioenergy
feedstock (Wang and Park, 2015). Biomass from certain microalgal strains naturally consists of high
levels of omega-3 fatty acids (e.g., eicosatetraenoic acid [EPA] and docosahexaenoic acid [DHA]) that
can be extracted to be used in high-grade animal nutrition food (Uggetti et al., 2014).
Anaerobic digestion is the degradation of organic matter by a microbial process under anaerobic
conditions, contributing to the production of biogas and digestate (Uggetti et al., 2014). Hence, the
cultivation of microalgae using liquid digestate is an economically appropriate opportunity for the
valorisation of anaerobic digestion by-product waste (Nagarajan et al., 2019). Therefore, considering
the economic profile of integrating the science of algae into AD by-product waste, using both technoeconomic analysis and life cycle analysis can promote this technology in the market (Nagy et al., 2018).
The objective of this study is to determine the commercial viability of the AD/microalgae
biorefinery system by performing a thorough techno-economic assessment of microalgae
cultivation in AD waste products and to identify areas of improvement in existing technologies
for the implementation of such a system in the near future.
Materials and Methods
The overall work will be undertaken in collaboration with Green Generation Ltd. (GG), an Irish
company located in Kildare county, using AD to convert organic matter into renewable energy. The
company has vast experience in AD processing in Ireland and across Europe. Hence, data on anaerobic
digestate composition and quantity will be collected from the company's database. The completed
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project will be based on the techno-economic assessment of the company’s existing infrastructure and
business model.
As illustrated in Figure 1 on the next page, with the aid of Xia et al., (2016) and Wu et al., (2019), a
diagram was drawn, and the process proceeds as follows.
To achieve excellent algal investment, several requirements must be considered: (1) low-cost culture
media, (2) inexpensive production system, (3) adequate CO2 and nutrient sources, (4) effective
harvesting techniques, and (5) low-energy input (Cai et al., 2013).
Techno-economic assessment will be performed with the following assumptions. A raceway pond will
be designed depending on the area required for microalgae cultivation and annual production. The
equipment required to operate the cultivation system includes, but is not limited to, a piping network,
air bubble columns (to agitate the culture), a light source, and a heat exchanger. Furthermore, the bestsuggested microalgae for omega-3 production are Schizochytrium (rich in DHA) and Nannochloropsis
(rich in EPA), which are both major components of fish oil. Microalgae will be first grown in a batch
phase using different cultivation systems as an upscaling process. Subsequently, the maximised growth
will be eventually cultivated in a mixotrophic mode in the specifically designed open raceway pond fed
by nutrients and the liquid digestate, which will be obtained from the anaerobic digestion system at GG.
Water also must be supplied it the system for microalgae growth, in addition to liquid digestate, to dilute
the solution. After the growth of microalgae, which normally takes seven to ten days, algal biomass
will be harvested, dried, and analysed, and will undergo further treatment to extract omega-3 fatty acids.
Techno-Economic Assessment
Anaerobic digestate treatment via microalgae entails multiple procedures starting with the cultivation
of algae. The complete process will focus on the economic assessment, including capital expenditures
(CapEx) and operating expenses (OpEx) calculations, potential revenue of the products, and the
potential profit and/or loss margin. Assuming GG undertakes the provision of anaerobic digestor,
electrical power, land, and water, the production cost breakdown from the cradle to grave is indicated
in Figure 1. This breakdown includes raw materials required for the microalgae cultivation platform
design and construction, nutrients and supplements for algae growth, equipment required for algae
cultivation (e.g., aeration, piping network, pumps, heat exchanger), and energy consumption.
Assessing the trade-off arising from the associations between financial parameters and technical
advances is essential to accomplish an optimal facility design. The technical purposes entail maximising
the productivity of microalgal biomass, biogas yield through AD, and process stabilisation. In contrast,
the economic aims are to reduce the production expenses and maximise economic profits (Wu et al.,
2019).
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Figure 1. Schematic diagram of the project's process, displaying the process of cultivation of
microalgae from cradle to grave.
Results and Discussion
The study requires a large amount of data to calculate the CapEx and OpEx, which is currently
unavailable. Nonetheless, based on the financial equations below, which are used as a guideline, the
total annual cost and revenues can be calculated as presented in Table 1.
Table 1. Essential financial equations required for solving CapEx and OpEx (Volatile–D8.1, 2018).
Methodology
Total Annual Cost
(TAC)

Equation
TAC= Σ Cequipment + Σ
Coperational

Operational Cost

Coperational = Cfix + Cvar

Specifications
-Cfix is the fixed operational cost, Cvar is the variable
operational cost.

According to several studies, the harvesting step is the most energy-consuming and cost-intensive.
Microalgae are unicellular organisms that grow as dilute suspensions in water. To harvest the biomass,
the culture needs to be subjected to a solid-liquid separation process (such as filtration and
centrifugation). Dewatering processes usually require machinery that carries a high CapEx as well as
demands a prohibitively expensive amount of electrical power to operate (González-González et al.,.
2018). In addition, various studies suggest that under optimised cultivation conditions, Schizochytrium
strains can generate up to 92% of their fatty acids, producing DHA around 10 g/L per day (Leman,
2009), whereas a dry mass of around 4.7 g/L and EPA productivity of 0.51 g/L per day can be produced
from Nannochloropsis (Hulatt et al.,. 2019).
Sensitivity analysis will be used to evaluate the differentiation in the outcomes between cost and
revenue and biomass concentration. Additionally, various scenarios, such as multiple algal strains and
cultivation system, will be included. These scenarios can provide appropriate options for project
selection for implementation in the market. Furthermore, to provide a high-quality financial strategy,
several parameters need to be considered, including the selection of the algal strain. The strain selection
must correspond to the project aim, which is yielding omega-3 fatty acids, thus the algal strain must be
rich in lipids. In addition, other parameters shall be taken into account, such as temperature, pH, salinity,
CO2 content, turbidity, which can affect the growth of microalgae.
Conclusion
Anaerobic digestion is a quickly developing technology to recycle food waste. However, the process
leaves effluents that cannot be easily and efficiently disposed of and may cause environmental issues.
Thus, using microalgae to lower the high content of nutrients in the anaerobic digester effluents, through
the digestate as a nutrient substrate, is a potential opportunity. The valorisation of anaerobic by-product
waste will enhance the economics of the process and contribute to reducing capital and operational
expenditures. Nevertheless, the commercial viability of the AD/microalgae biorefinery still needs to be
determined. In this study, the cost analysis of the entire process will be applied to deliver a complete
financial strategy for the process (i.e., from cradle to grave) as well as indicate product revenue and the
potential profit and/or loss margin. Additionally, different circumstances potentially affecting algal
growth, including temperature, water and digestate addition chemistry, and ecosystem disturbance,
must be considered to provide successful project feasibility.
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Abstract
The ability to cost effectively remove contaminants found in green biorefinery products is highly
desirable. This work aims to construct one or more microbial strains capable of effectively removing
one or more contaminants found within downstream processed grass silage-fed green biorefinery
leachates; to produce pure lactic acids. The ability of Escherichia coli strains to catabolise multiple
contaminants (butyric-, acetic-, propionic-, valeric-acid) found in amino acid solutions will be
investigated. Simultaneously, additional microorganisms that may be more suited to this contaminant
removal process will be screened. The ability of these strains to remove specific contaminants will be
assessed by chemical and biosensor analysis.
Introduction
The production of fuels, chemicals and plastics is almost entirely petroleum based with high GHG
emission and environmental costs (Denning, 2017). To mitigate climate change in these processes, there
is a need to break free from petroleum dependence and switch to a circular bioeconomy. Biorefinery is
an interesting concept in this perspective as it allows a spectrum of marketable biobased products to be
obtained directly from biomass through sustainable biomass conversion processes (Luo, van der Voet
and Huppes, 2010). The aim of this study which is part of the MSCA-ITN AgRefine project (led by
UCD) is to develop a three-phase bioreactor (TPB) that will convert grass and seaweed feedstocks into
high to low value products. High value products which include amino acids, lactic acids, carbohydrates,
bio-succinate and biogas require high quality green juices (leachates), while low quality products such
as biogas only require low quality leachates. The TPB’s second phase, which is a high throughput AD
reactor, will produce low value biogases from low quality leachates; while the TPB’s third phase
biorefinery will apply complex downstream processes to high quality leachates, to produce the
aforementioned high value products. The value of amino acids which is one such TPB 3rd phase high
value product, is inversely proportional to the number of contaminants present within the grass silage
input substrates that was used to create it. However, even in high-quality leachates there will always
exist several organic acid contaminants. To cost effectively remove these contaminants the E. coli based
contaminant removal process has been proposed.
The objective of this project is to develop genetically engineered microorganisms able to remove
these contaminants, resulting in increased amino acid purity and thus increased monetary value.
The construction of these strains is based on the large Escherichia coli knockout catalogue that was
developed in UCD to facilitate the production of various organic acid biosensors (Sweeney, Murphy
and McDonnell, 2015, 2018). A suite of genetic engineering techniques will be applied to these strains
to allow for an array of contaminant removal strains to be created. These strains will be incapable of
catabolising amino acids and can consume and therefore remove volatile fatty acids which are produced
at different concentrations during the grass silage ensiling process. They will be initially tested on
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synthetic leachates, after which their performance will be assessed on biological grass silage leachate
samples.

Figure 1. Schematic representation of the contaminant removal process. (1) leachate containing amino
acid (blue) and contaminants (red), (2) genetically engineered strain is added to the leachate, (3) the
strain removes the contaminants, (4) a pure amino acid solution is obtained after cells removal.
The creation of amino acid contaminant removal strains that will be developed will be tested in batch,
but they will be supplied to a research centre to assess their performance in continuous flow using a
novel membrane bioreactor technology. Microorganisms other than E. coli will be screened for their
suitability for the contaminant removal process.
Material and Methods
Microbial strains and strain construction
The starting E. coli strains are the ones developed at UCD (Sweeney, Murphy and McDonnell, 2015,
2018).
The expression of specific enzymes, either native or heterologous, is performed by the cloning of the
optimised genes into the high copy expression vector pGDR-11, which allows the overexpression of
the cloned gene, after induction. The cloned genes are in fact under the control of an inducible strong
promoter.
Later in the project genes will be inserted into the microbial chromosome using a CRISPR-Cas9 method
adapted from Jiang et al. (2015).
Chemical analysis
The performance of the developed strains will be monitored by chemical analysis including gas
chromatography and high-performance liquid chromatography. Suitable columns and methods will be
identified and optimised to detect the analytes of interest.
Biosensor analysis
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The performance of the developed strains will also be tested by biosensor analysis. The biological
sensors developed by J. B. Sweeney et al., 2018 are able to detect ethanol, acetic-, propionic, L-lactic
and formic-acid. The biosensors consist of two parts. The first one is an immobilised microorganism
that can catabolise only one of the aforementioned compounds. The second is a dissolved oxygen probe
that detects the concentration of dissolved oxygen in a solution. Variations in oxygen concentration are
due to the catabolism of the aforementioned compounds by the microbial strain.
Results and Discussion
This work is still at its preliminary phase, but the first engineered strains gave promising results in the
growth studies and the HPLC analysis performed so far. Experiment replicates are needed to confirm
the performance of the contaminant removal strains.
Some suitable lactate dehydrogenases have been found and will be cloned in the microbial strain used
in this study. Their activity is to be assessed.
Conclusion
The need for substantial work on the construction of strains capable of removing the contaminants
present in biorefinery leachates is evident. These strains will enable the production of pure lactic acid
which is employed mainly as an acidification additive in the food processing industry but also for the
production of ethyl-lactate, cleaning agents, neutralisation solutions to increase corn stability in the
farming industry, and many others (Ecker and Harasek, 2010). The contaminant removal strains can
constitute an economical and sustainable downstream process for future biorefineries.
Acknowledgements
This publication has emanated from research conducted as part of the MSCA-ITN AgRefine project
(grant number: 860477).
References
Denning, A. S. (2017) ‘Combustion to concentration to warming: What do climate targets mean for
emissions? Climate change and the global carbon cycle’, in Encyclopedia of the Anthropocene,
pp. 443–452. doi: 10.1016/B978-0-12-809665-9.09743-3.
Ecker, J. and Harasek, M. (2010) ‘Membrane based production of lactic acid and amino acids - Green
biorefinery upper Austria’, 19th International Congress of Chemical and Process Engineering,
CHISA 2010 and 7th European Congress of Chemical Engineering, ECCE-7.
Jiang, Y. et al. (2015) ‘Multigene editing in the Escherichia coli genome via the CRISPR-Cas9 system’,
Applied and Environmental Microbiology, 81(7), pp. 2506–2514. doi: 10.1128/AEM.0402314.
Luo, L., van der Voet, E. and Huppes, G. (2010) ‘Biorefining of lignocellulosic feedstock - Technical,
economic and environmental considerations’, Bioresource Technology, 101(13), pp. 5023–
5032. doi: 10.1016/j.biortech.2009.12.109.
Sweeney, J. B., Murphy, C. D. and McDonnell, K. (2018) ‘Development of a bacterial propionatebiosensor for anaerobic digestion monitoring’, Enzyme and Microbial Technology,
109(September 2017), pp. 51–57. doi: 10.1016/j.enzmictec.2017.09.011.
Sweeney, J., Murphy, C. D. and McDonnell, K. (2015) ‘Towards an effective biosensor for monitoring
AD leachate: a knockout E. coli mutant that cannot catabolise lactate’, Applied Microbiology
and Biotechnology, 99(23), pp. 10209–10214. doi: 10.1007/s00253-015-6887-4.
Xu, Y. et al. (2001) ‘The Fad·RDNA complex. Transcriptional control of fatty acid metabolism in
Escherichia coli’, Journal of Biological Chemistry, 276(20), pp. 17373–17379. doi:
10.1074/jbc.M100195200.

168

Mariana Cerca, B.Sc., M.Sc.
Project Title:
Strategies for biomass supply systems in the context of an emerging circular bioeconomy
Project Leader: Dr. Fionnuala Murphy
Abstract
Bioeconomy development has become an essential part of countries and institutions strategies
worldwide to address sustainable development goals, technological innovation, biodiversity protection
and commitment to climate change mitigation. In the European context, the sourcing of renewable
bioresources and their conversion into value-added products such as food, feed, biochemical, and
bioenergy through novel biorefinery technology is being supported by the several policies adopted by
the European Commission while seeking for the development of a circular and sustainable bioeconomy.
This will give rise to the expansion of bio-based supply chains, which are closely related to the
availability and planning for the sourcing of sustainable biomass resources. The use of biomass from
grasslands is being investigated by several research projects and new enterprises, where green biomass
is supplied from regional and local sources aiming to bring additional benefits for rural areas through
the manufacturing of protein, lactic acid, biochar, packaging, fibres and/or bioenergy. Likewise, marinebased biomass resources such as cultivated macroalgae (seaweed) have been driving a fast-growing
industry in European countries, with several potential applications ranging from pharmaceutical or
cosmetics, up to food, feed or bioenergy. Nevertheless, it is still in the early stages of development, with
many uncertainties regarding its economic viability, as well as social and environmental impacts when
upscaling for large-scale operations. Moreover, for local or regional based biomass supply to
biorefineries, the development of strategies will not only be dependent on efficient sourcing but also in
the consideration of broader factors involving socio-ecological systems and a variety of interlinkages,
conflicts and trade-offs when taking the embedded environment where supply chains operate into
account for its design. Considering this context, supply chain strategies for biomass sourced from
grasslands and marine environments such as grass and seaweed are still lacking. Along with, and
whereas the current scientific literature has been focusing on technical-economic aspects of biorefinery
supply chains, scholars from operations research and supply chain management, to sustainability
science and bioeconomy studies have been highlighting the under-representation of social aspects
compared to economic or environmental ones. Therefore, by adopting systems thinking approach, this
research aims to embrace different perspectives in the development of strategies for the deployment of
supply systems based on grassland and marine biomass for novel biorefinery technology. It is expected
that the results could be used for strategic decision-making, providing inputs for designing and
managing efficient but also socio-environmentally responsible seaweed- and grassland-based supply
chains towards an emerging circular bioeconomy in the European context.
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USE OF SENSOR TO MONITOR THE HEALTH OF POULTRY
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Abstract
As the world's demand for poultry products continues to rise, a large number of poultry houses
have begun to expand their production capacity to cope with the ever-expanding market
demand. In Ireland, a large number of poultry houses still adopt inefficient traditional
management methods. They reduced energy costs by reducing the ventilation time of the
poultry house, but ignored the effects of ammonia, temperature and humidity on the growth of
poultry. This study is based on a poultry house in Ireland. It monitors the changes in
environmental factors in the poultry house during a two-week period and gives the poultry
house managers practical suggestions for improvement to help them reduce costs as much as
possible while ensuring the healthy growth of poultry and poultry welfare.
Air temperature, relative humidity, air velocity and ammonia concentration are identified as
important parameters for improving chicken farm performance. Through this study, the strong
correlation between the ammonia concentration and the relative humidity of the environment
was further confirmed, so the environmental humidity can be used as an indicator of the
ammonia content to guide farmers to ventilate. New manure treatment methods, litter
composition, and feed composition are also the research directions for reducing ammonia
production in poultry houses in the future.
Introduction
Poultry is the most common source of meat product for human consumption. In 2016 alone, 55
billion poultry were slaughtered and made into meat products (FAO 2016). As the population
grows, it is estimated that by 2050, the demand for meat products will be twice that of 2005,
and the demand for egg products will also rise sharply (Astill et al. 2020). With the increase in
demand, the requirements for the level of poultry feeding and management have gradually
increased. In the process of poultry production, the breeding environment of poultry plays an
important role in the growth of poultry. At present, many poultry houses still use non-modern
management methods, because Ireland’s temperate climate requires heating for most of the
year. In order to reduce heating energy costs, poultry houses generally reduce ventilation time
to reduce heat loss. The resulting poor air quality, excessive ammonia and carbon dioxide
content will seriously affect the health of poultry, reduce production efficiency, and affect
profits (Corkery et al. 2013). A suitable environment can not only ensure the rapid growth of
poultry, increase the utilisation rate of feed, reduce the probability of illness, but also can
effectively manage the chickens (Astill et al. 2020). To improve production efficiency and
reduce costs, this article focuses on monitoring different aspects of the poultry breeding
environment by using different sensors to help farmers make reasonable adjustments to the
environment. According to existing research, the environmental factors affecting the growth of
poultry mainly include the following, temperature, humidity, ventilation (air speed), and light
conditions (Corkery et al. 2013).
Temperature has a significant effect on poultry growth. When the ambient temperature is higher
than 21 degrees Celsius, the growth indicators of some broilers will decrease, and the core
temperature of broilers will increase significantly (Purswell et al. 2012). When the temperature
is too low, the poultry will consume more food to maintain body temperature without gaining
weight, which reduces the feed conversion rate and increases costs (Fairchild 2009).
At the same time, the ammonia (NH3) concentration in the poultry house is significantly related
to the humidity, and it also has a significant impact on the growth of poultry. In the study of
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Wei et al. (2015), the high NH3 level in the poultry house suppressed the immune response of
broilers, and high humidity would cause many bacteria in the poultry house to multiply, causing
poultry infection (coccidiosis, etc.).
The objective of this study is to collect and analyse the environmental data of a poultry
farm by installing environmental sensors on an existing farm to help propose
environmental improvement programs that can effectively improve the performance of
meat and poultry.
Materials and Methods
Data collection
The data for this study is based on field collection in the target poultry house. The specific data
collection plan is to install a variety of sensors in different locations of the poultry house
according to the data needs according to the existing research (Corkery et al. 2013), including
temperature sensors, humidity sensors, light intensity sensors, air flow sensors, ammonia
concentration sensors, etc. The installation location is flexibly designed according to specific
needs, mainly concentrated in the area where the poultry live.
Table 1: Sensor installation plan.
Sensor type

Sensor model

Temperature
Humidity
Air velocity
Ammonia
concentration

EL-USB-2
EL-USB-2
Unsure
TGS 826

Monitoring
time
2 weeks
2 weeks
2 weeks
2 weeks

Value
frequency
5 mins
5 mins
Unsure
5 mins

Data analysis and modeling
According to the actual data obtained by the poultry house sensors, the environmental factors
of the poultry house will be analysed. Using data processing software such as excel to compare
the time dimension, that is, the environmental changes at different times of the day; the spatial
dimension, the environmental differences at different locations in the poultry house, and the
overall environmental conditions, and compare it with the known data that can promote the
performance of poultry. Finally, the study will propose adjustment measures that can help
improve the breeding performance of the target poultry house.
Results and Discussion
Temperature and relative-humidity
According to existing research results, temperature and humidity in poultry housing have a
significant correlation (Corkery et al. 2013). According to the requirements of the British
Standards document, the acceptable range of relative humidity is 50-70% during the poultry
growth cycle. However, when the ambient temperature is low, in order to ensure that the
temperature of the poultry growing environment is in the appropriate range, artificial heating
will cause the relative humidity of the poultry house to significantly decrease, leading to dust
accumulation or parasite reproduction that endanger the health of poultry (Corkery et al. 2013).
At the same time, in winter, the relative humidity at certain times is very high, reaching 85%90%, and heat needs to be supplemented to keep the level below 70%, causing a large energy
burden on farmers.
Ammonia and air velocity
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Figure 1. Comparison between RH and NH3 (Corkery et al. 2013).
There is a clear correlation between relative humidity and ammonia concentration. Different
farms have different rising curves of ammonia concentration due to different breeding
techniques, but they all show a clear correlation with relative humidity (Corkery et al. 2013).
At the same time, the concentration of ammonia is also significantly related to the air flow rate
in the poultry house (Naseem and King, 2018), because ammonia is mainly generated by the
digestion process of poultry, but increasing the ventilation time will cause heat loss and increase
energy costs.
Conclusions
In the traditional poultry houses in Ireland, the monitoring of the poultry house environment is
still lacking in terms of scientific research and support. Farmers usually reduce the ventilation
time of the poultry house in order to reduce production costs. This leads to changes in the
environmental factors of the poultry house and lead to the poor development of birds, slowdown
in growth and even get sick. In this study, temperature, humidity, air flow and ammonia content
sensors will be installed in the target poultry house, and through the collection and analysis of
sensor data, the environmental factors in the target poultry house that affect the growth of
poultry will be summarised and possible improvements will be given. Under the premise that
the ammonia content is related to humidity and relative air humidity, the ventilation time should
be reduced as much as possible to reduce energy consumption when the ammonia content and
temperature and humidity are appropriate. This is the best method shown through statistical
analysis, which significantly reduces the management cost of the poultry house and improves
the performance of poultry meat production. At the same time, it reduces the production of
ammonia by using new manure treatment methods, improving the type of litter, etc. Reduction
of the ventilation time and further reduction of the cost on the premise that the environmental
factors meet the standards, will also be considered in this research.
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Abstract
Energy storage is one of the main challenges associated with the transition from conventional energy
systems, such as oil and coal, to renewables like wind and solar. The proposed, 360 MW Pumped Hydro
Storage Plant (PHSP) in the Silvermines in County Tipperary will be an essential part of Irelands
renewable energy plan, storing off peak energy and releasing it in times of high demand. Due to the
size and location of PHSPs, they can have some problematic environmental impacts associated with
them. This study investigates the potential impacts associated with the Silvermines development.
During construction, the main impacts can occur as a result of vegetation clearing and soil disposal
which can affect biodiversity and water resources. The fluctuating water levels in the reservoirs during
operation can also affect biodiversity in the area.
Introduction
The necessity of reducing greenhouse gas emissions (European Parliament, 2016) coupled with the
inevitable shortage of fossil fuels, has resulted in a gradual shift in investment from conventional energy
sources, such as coal and oil burning, to more renewable sources like solar and wind energy. A trait that
has made fossil fuels such a popular energy source is its storage ability making it easy to match supply
with demand. This trait is not shared with solar or wind energy that only produce energy when
environmental conditions allow it. For example, solar panels need sunshine and wind turbines need
wind. As a result, energy storage systems have become an integral part of the transition from fossil fuels
to renewable energy.
With a capacity of 149,690 MW installed globally, pumped hydro storage (PHS) is the most common
energy storage system accounting for 97% of the total electricity storage capacity around the world
(Breeze, 2018). The system is made up of two water reservoirs located in close proximity to each other
but at different altitudes. In times when there is low energy demand, water is pumped from the lower
reservoir to the upper reservoir. When energy demand is high, water is released from the upper reservoir
to the lower reservoir, spinning a turbine and producing electricity in the process. PHS are quite
effective systems with efficiencies typically between 70% and 80% (Rehman et al., 2015). There is
currently one PHS system in operation in Ireland, Turlough Hill in County Wicklow, although a second
plant is in the construction phase in the Silvermines Mountains in County Tipperary.
Due to their size and location, PHS plants typically interfere with natural systems so there are often
environmental impacts associated with the construction and operation of such plants. These impacts
include biodiversity, air and climate, water resources, geology, and hydrology (Leahy et al., 2012).
The objective of this study is to determine the potential environmental impacts of the construction
and operation of the proposed PHS plant in Silvermines.
Materials and Methods
A literature review was carried out to investigate the main impacts that can occur during the construction
and operation of a PHS plant and also how they might occur. Scientific papers were found and examined
using the UCD Library One Search Server and the Google Scholar server. The following searches were
made; “pumped hydro storage environmental impacts”, “pumped hydro storage biodiversity”, “pumped
hydro storage hydrology”. While undertaking this literature review, a number of specific PSH plants
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were mentioned in scientific papers. These plants were researched further and compared to the proposed
Silvermines development. These plants included Turlough Hill in County Wicklow in Ireland and
Snowy 2.0 in Australia’s Southern Alps.
The Silvermines development was then investigated. Background data was collected on the proposed
development and its site. This information was sourced by the project website. Ecological surveys on
the local area were researched from the National Parks and Wildlife Services website and local water
quality reports from the Irish Water website were researched. Information on the area’s heritage was
also gathered, with particular interest in the industrial mining enterprises that took place there in the
past. Contact was also made with the company developing the plant in order to gain additional
information on the site and construction plan.
Results and Discussion
Construction Phase
The main environmental impacts during the construction of the plant can occur as a result of vegetation
clearing (Normyle & Pittock, 2020). The clearing of vegetation in order to build infrastructure often
results in losses of habitat, negatively affecting biodiversity in the area (Wettstein and Schmid, 1999).
In addition to this, vegetation clearing can result in soil erosion especially on sloped areas (Van Der
Waal et, al. 2012). Spoil disposal is also a significant environmental concern during the construction of
a PHS plant (Normyle & Pittock, 2020). The dumping of extracted earth effects ecosystems that were
in the area before this and it can take many years for these ecosystems to recover (Rydgren et al., 2011).
Runoff from these spoil dump sites can also be problematic especially if there are metal toxins in the
spoil.This can acidify freshwaters and have negative impacts on freshwater biota (Orem et al., 2006).
Operation Phase
The fluctuating water levels in the reservoirs, as a result of water being pumped from one reservoir to
another, can cause a number of environmental impacts. This can make it difficult for shoreline
vegetation to grow resulting in habitat loss (Leahy et al., 2012). Fluctuating water levels can also affect
spawning behaviour as eggs can be left stranded when water levels decrease (Larinier, 2001).
Silvermines Pumped Hydro Storage Plant
Silvermines Hydro is a proposed 360 MW Pumped Hydro Storage Plant located outside the village of
Silvermines in County Tipperary. It is at advanced predevelopment stages and in February 2020, it was
ratified by the European Union as a Project of Common Interest. The site had previously been an open
cast mine which has been out of production since 1993. The mine has since filled with water which
forms the artificial lower reservoir for the PHSP. It is planned that the upper reservoir will be
constructed on the nearby mountain. Although feedback on the questionnaire has not been returned yet,
a few assumptions can be made on the expected impacts of this development.
Information on the particular flora and fauna habitats of the area could not be gathered but the site is
located on the northern outskirts of two Special Areas of Conservation (SAC) and a Special Protection
Area (SPA). According to the National Parks and Wildlife Services, these areas are mainly comprised
of Wet Heath plant species such as Heather, and bog moss as well as some Dry Heath species like
Western Gorse and Bell Heather (Department of Arts, Heritage and the Gealteacht, 2015). There is also
species-rich Nardus grasslands located nearby which are species of priority in the EU Habitats
Directive. These include Heath Bedstraw (Galium saxatile), Sheep’s-fescue (Festuca ovina), Bittervetch (Lathyrus montanus), Heath Milkwort (Polygala serpyllifolia), Lesser Butterfly-orchid
(Platanthera bifolia), Greater Butterfly-orchid (P. chlorantha), Lousewort (Pedicularis sylvatica),
Tormentil (Potentilla erecta), Mat-grass (Nardus stricta) and Small-white Orchid (Pseudorchis albida)
(Department of Arts, Heritage and the Gealteacht, 2013). Many birds have made habitats in this area
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including Hen Harrier, Merlin and Peregrine, which are listed on Annex I of the E.U. Birds Directive
(National Parks and Wildlife Services).
The management of spoil could be of particular concern with development. The construction of the
upper reservoir is expected to generate large amounts of extracted earth which may have damaging
environmental effect if not disposed of carefully. It is especially concerning due to the fact that wastes
from the mining enterprises that took place in the area in the past which have resulted in air and water
pollution. Air quality had been compromised in the past due to dust blows from disposed spoil which
contained heavy metals. This resulted in a number of livestock deaths in the area due to lead poisoning
(SRK Consulting, 2002). Local surface water quality in the area has also deteriorated with high
concentrations of mine-related metals such as Pb, Zn, and Cd recorded (Stanley et al., 2009). Many
remediation works have taken place in the area; however, some environmental impacts still continue to
persist, particularly with regards to water quality.

Figure 1. Dump Sites from Mining Enterprises in the Silvermines Area. The PHS Plant is Located at
Magcobar (Stanley et al., 2009).
It is not expected that fluctuating water levels during operation will result in major environmental
impacts. Due to the fact that both reservoirs are artificially constructed on a closed loop system, it is
assumed that there will be no fish populations them. Perhaps shoreline vegetation may be affected.
Conclusion
As seen from the mining industry in the Silvermines area, spoil disposal can have significant
environmental impacts, particularly to air and water quality. Careful management will ensure that metal
toxins from extracted earth do not reach water courses where they can affect human or animal health.
It is also important that disposal sites cause minimal harm to the nearby ecosystems. Roadways and
other infrastructure should also be carefully planned to minimise disruption to vegetation and other
ecosystems.
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Abstract
Technology is being developed to handle vast amounts of complex data from diverse sources and
origins. The term “Decision Support Systems (DSS)” refers to computerised multidimensional
data management systems that support stakeholders in making use of modern data-driven
approaches to identify and solve problems, and to enable enhanced decision making.
Food safety information in the food supply chain is scattered, and interactions between
environmental factors and food contamination and foodborne diseases are very complex and
dynamic and therefore challenging to predict. Despite the rapid development of food safety
monitoring data, current quality assurance tools are insufficient in dealing with the emerging threat
of contaminants in the food supply chain.
This project focuses on hazards in the food supply chain, on web-based technologies, and on data
mining approaches for food safety. Also, integration of big data and DSS in the food industry,
government and regulatory agencies by incorporating predictive models to assess the impact of
climate change on process-related contaminants in the food supply chain will be explored.
The project will lead to a White Paper on predictive modelling tools to monitor food chain
vulnerability due to the influence of climate change, with a focus on the European dairy industry.
This White Paper will be aimed at all stakeholders, providing them with a set of recommendations
to ensure food safety and sustainability in production scenarios affected by climate change
conditions. The White Paper and DSS will be of particular interest to regulators, industry and
policy decision-makers alike and aim to help ensure Europe’s sustainable lead position with regard
to food production and safety on an international scale.
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Abstract
As demand increases for drinking water of the highest quality, there is a constant effort needed when it
comes to treating the vast array of parameters that exist in drinking water. Trihalomethanes (THM) has
been an ongoing issue for Irish drinking water in previous years. Therefore, the purpose of this research
project is to obtain data on the most recent THM levels from Irish water, so spatial and temporal analysis
can be performed to identify any areas of concern.
So far one water supply zone from each county in Ireland has been investigated to see what the
status of THM has been in the time period January 2014 to December 2020. The zone that had the
largest volume of water supplied in each of the 26 counties was selected for preliminary analysis. Of
the 26 zones selected, Longford Central zone was the main contributor for exceedances from the year
2020-2014 with the main contribution occurring from 2014 – 2017. More readings from each public
water supply zone will be required to build up a comprehensive spatial and temporal analysis.
Introduction
To produce drinking water that is consistent with regulations for safe human consumption, requires a
major effort when treating and controlling the numerous parameters that are associated with raw water
treatment.
Trihalomethanes are a disinfection by product (DBP) formed after the chlorination process, when
natural organic matter reacts to the chlorine in the treatment for drinking water (Environmental
Protection Agency 2019). THMs involve four main parameters chloroform (CHCI3),
bromodichloromethane (CHBrCI2), dibromochloromethane (CHBr2CI) and bromoform (CHBr3)
(Sathasivan et al. 2020) which are also known as total THMs (TTHMs). The four individual parameters
are also analysed separately to find the highest concentration, as they have different toxicity levels
(Corso et al. 2018). The World Health Organization (WHO) has classed two of these parameters
Chloroform and Bromodichloromethane (CHBrCI2) as possibly carcinogenic classed 2B (Sataloff,
Johns and Kost, 2004).
In the past Ireland has had issues with meeting THM exceedances, along with being one of the highest
non-compliance countries in the EU in 2010 (O’Driscoll et al., 2018). In 2015 the European
Commission started infringement’s on Ireland as a result of failing to comply with THMs levels
(Environmental Protection Agency, 2019). The current limit for THMs is 100µg/L in Europe a and
slightly lower in the US at 80µg/L (Corso et al., 2018).
The objective of this study is to collect and analysis Trihalomethanes exceedances with an
emphasis on spatial and temporal factor in drinking water across Ireland.
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Materials and Methods
To start the data collection, a water supply zones had to be selected for each county. As of 2019 there
were 842 Public water supply zones for the 26 counties in the republic of Ireland. A profile of public
water supply zones was discovered for each county in Ireland from the EPA website (EPA, 2019). The
public water supply zones producing the highest volume of water were selected for the initial data
research. More zones will be added as this project progresses. When viewing each zone, the results of
THMs across the 26 counties ranged from the years 2014 to 2020 on IrishWater.ie. As there are
currently no readings available for 2021, that year will be excluded from the research. Once the readings
were abstracted from IrishWater.ie, an excel file was produced. The files were imported into MATLAB
to create a boxplot representing all the data collected.
Results
Figure 1 is a boxplot representing the THM readings for the zone that supplied the largest volume of
water from each county in Ireland from 2014-2020.

Figure 1. Boxplot representing the THM readings for the zone that supplied the largest volume of water
from each county in Ireland from 2014-2020.
Table 1. Longford THM readings.
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Figure 2. Boxplot representing the THM readings for the zone that supplied the largest volume of
water from each county in Ireland from 2020

Table 2. Kerry THM readings

Discussion
A significant variation with THM readings per zone was observed during the data collection phase with
only seven zones having more than ten readings in a single year. Figure 1 gives an overview of the all
readings for all the data collected. It can be seen that LDA is the main contributor for THM exceedances,
this represents county Longford with the Longford Central public supply zone being analysed.
Longford is known for Bord na mona Lough Ree power station situated in Lanesboro with peat being
the primary fuel source (ESB, 2021) and peat fuel harvested from the surrounding areas. The Longford
central zone, is supplied by the Lough Forbes treatment plant (Longford County Council, 2021), which
is roughly 20 km away in distance from the power station. Observing an aerial shot of the Lough Forbes
water treatment plant Figure 3 there are significant areas of bare peat ground in the surrounding areas
of the plant. This would be in keeping with previous works done by (O’Driscoll et al., 2018) where the
findings state that “a presence of peat, rainfall and slope could be a risk factor for high THM
exceedances”. As peat soil contains high levels of organic matter, and this area of bare peatland exposed
to the elements, this increases the vulnerability of natural organic matter (NOM) being transported by
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air or water to Lough Forbes. With this potential rise of NOM entering the water treatment plant, the
THM levels can increase if the NOM is treated inadequately.

Figure 3. Lough Forbes (Google, 2021)
Table 1 displays the readings for Longford central zone from 2014 – 2020, this gives the specific dates
of when the samples were taken. With respect to this table the most exceedances occur in the month of
June. The highest reading is in December 2015 with 168 µg/L, it is also worth noting that is the only
reading that has occurred in the month of December.
Table 2 represents the results for Kerry, as this was the main contributor for the more recent years of
2018 & 2019. With regard to the time aspect of the readings taken the most exceedances occur in early
October. However, it is worth noting that there is an exceedance recorded for June, like Longford were
June represented the most exceedances.
Other findings that were observed during the data collection phase of this report: the zones with the
largest volume of water supplied did not always correlate to the highest population served in the county.
For instance, some zones that had the highest number of people served by that zone, was not necessarily
the zone that had the largest volume of water supplied.
Conclusions
There have been significant improvements in reduction of THM levels by the year 2020 across all 26
zones. As the project progresses, we will investigate if this pattern persists over a larger number of
zones. This is probably due to work continuously being carried out by Irish water to upgrade treatment
plants and water distribution networks throughout the country.
In the next phase of this research paper, our intention is to create a map index that will display the
counties with the highest exceedances, to highlight the areas of concern. The temporal aspect will be
added to help discover a pattern emerging and potentially identify reasons for these THM exceedances
across Ireland.
This will be then compared to previous works done in regards to source management, weather,
surrounding areas, inadequate treatment facilities, and issues at treatment plants.
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Abstract
Use of antibiotics by both humans and animals leads to a proportion of the drug being excreted
into wastewater, and spread as biosolids on agricultural land. Antibiotic residues entering
surface waters leads to potential risk of antibiotic resistance development. Review of the
literature reveals that, in Ireland, 5 different antibiotics have been observed in wastewater
effluent in concentrations that have been predicted to select for antibiotic resistance
development in surface waters. Specifically, azithromycin, ciprofloxacin, clarithromycin,
metronidazole, and trimethoprim. Numerous studies have also identified antibiotic-resistant
isolates present in a number of different surface water bodies on the island of Ireland, including
wastewater treatment plant effluent, marine waters, and rivers.
A framework model has been developed to comparatively assess the risk of antibiotic resistance
developing in surface waters as a result of human use versus veterinary use. Six antibiotic
classes, used in both sectors, are modelled: penicillins, macrolides, tetracyclines,
sulphonamides, fluoroquinolones and trimethoprim. This model uses Ireland-specific usage
data, and for the human-use antibiotics, models antibiotic removal via excretion level,
wastewater treatment plant removal, decay, and dilution. The veterinary model incorporates
excretion, degradation during manure storage, and dilution. The model incorporates estimates
of toxicity for each antibiotic family using concentration values, based on EUCAST data,
predicted to select for antibiotic resistance. The model utilises Monte Carlo modelling, with
variability in the literature data used was accounted for using probability distributions. Humanuse macrolides, penicillins and fluoroquinolones are the three highest risk classes with current
model parameters. Within agriculture, the highest risk predicted is from tetracyclines.
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Abstract
Several metals and metalloids (metal(loid)s) are essential elements of living bodies contributing
to cell division, metabolism, and coordination between organs. On the one hand, deficiency of
metal(loid)s in the human body causes poor growth and serious illness; on the other, excessive
intake of metal(loid)s may lead to severe health problems, irreversible organ damage such as
kidney and liver and even death. Minamata and Itai Itai diseases are examples of historical
outbreaks that took the lives of thousands and reduced the life expectancy of generations. The
consumption of metal should not exceed a Daily Intake of Metal (DIM) limit or No Observed
Adverse Effect Level (NOAEL) or, sometimes, the Lowest Adverse Effect Level (LOAEL) based
on dose-response models. Key metal(loid)s of concern in Ireland are identified as Ag, Mo, Ni, As,
Cd, Cr, Mn, Pb, Sb, U, followed by Co, Cu, Fe, Hg, Sn, V, and Zn, which are of global concern.
Metal(loid)s are released by natural weathering and geological processes (physical and chemical).
The concentration of metal(loid)s due to this process is called background concentration. Also,
anthropogenic sources such as mining activity (tailings), industrial and municipal solid waste
disposal, biosolids application, emissions from vehicles, land application of fertilizers, animal
manures, pesticides, wastewater irrigation are major contributors to the elevated metal(loid)
concentration in soil and surface water. The major metal toxicity occurs due to a higher intake of
metal(loid)s through ingestion of vegetables and crops, followed by water and inhalation/ contact
of polluted air. This project is divided into two parts; the first part ranks potential human hazards
owing to the background and anthropogenic concentration of metal(loid)s in the soil. The ranking
criteria is based on GIS and probability-impact scoring influence of (i) soil pH, (ii) soil organic
carbon (SOC), (iii) soil texture class, (iv) slope, (v) field/ soil drainage class, (vi) Integrated Risk
Quotient (IRQ) based on 16 metals, (vii) proximity to mines, (viii) urban activity and (ix) potential
biosolids application areas. IRQ integrates an individual risk quotient, a factor of predicted
environmental concentration (PEC) and predicted no-effect concentration (PNEC) levels. Once
the zones and metal(loid)s of priority have been identified, a probabilistic farm-to-fork quantitative
risk assessment model, needs to be developed to compare available NOAEL and LOAEL values
for individual metal(loid)s published by WHO, united nation, peer-reviewed journals. Based on
Tellus (GSI) data, levels of metal(loid)s in arable soil, pastures, waterbody will be an ‘on your
mark’ start for exposure assessment on ingestion of metal(loid)s through food (crop/ vegetables),
animal products, and drinking water, respectively followed by several bio-transfers through foodchain. This study will reveal the usefulness of the GIS mapping techniques in the risk assessment
of metal toxicity.
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ENSILED SEAWEED AS AN ALTERNATIVE BIOREFINERY
INPUT SUBSTRATE
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UCD School of Biosystems and Food Engineering, University College Dublin, Belfield, Dublin
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Abstract
Ensiling seaweed effectively preserves the nutritional, monetary and biomass value while
simultaneously producing leachate as a waste effluent and reducing seaweed production GHG
emissions. In this study an attempt was made to perform large scale ensiling of Alaria esculenta
which is a brown algae with high nutritional and monetary value. Alaria esculenta was ensiled
using two methods, bags and buckets, and given two different pre-treatments (formic acid and
chopping). These two ensiling techniques were applied to assess which was the most effective
at reducing biomass pH and ensuring that an anoxic environment is achieved, rapidly.. Formic
acid, at 0.04%, was effective at reducing the initial pH values in 1.5Kg bags and 25Kg buckets.
However further analysis is necessary to determine the effects of these pre-treatments on the
ash content, nutrient content and bacterial formation. It is possible to ensile Alaria esculenta,
dabberlocks at smaller volumes but further experiments at larger scales (1T seaweed) are
needed.
Introduction
Novel green biorefineries, fed second generation feedstocks, are being developed as
mechanisms by which agricultural GHG emissions can be reduced (e.g. Farm4more project).
However, the potential to establish green biorefineries utilizing feedstocks without using
agricultural land (3rd generation feedstocks) is explored in this project.
The availability and nutritional value of macroalgae, commonly called seaweed, varies
seasonally and through its growth cycle (Buggeln, 1974; Munda and Lüning, 1977). This
complicates its viability as a biorefinery feedstock. Macroalgae must be preserved quickly since
it degrades rapidly post-harvest (Vairappan et al., 2014). The traditional drying preservation
method is expensive and contributes to ozone layer depletion due to the high GHG emissions
mostly from its significant heat requirements and (van Oirschot et al., 2017). Ensiling is being
proposed as an alternative preservation technique as it is cheap could significantly reduce
seaweed production’s GHG emissions all while potentially maintaining its nutritional and
monetary value. Seaweed Ensiling produces large volumes of waste effluent (leachate) that has
similar biorefinery chemical characteristics to that of grass-silage effluent. It is to this end that
seaweed silage is being explored as a potential 3rd generation green biorefinery feedstock
Seaweed has an average value of €250-600 t-1 DM which is significantly more than grass silage
which ranges from ≈€100 - 1750 t-1 DM (Watson and Dring n.d.). To this end if seaweed’s
waste effluent is to be used effectively as a green biorefinery input feedstock, the monetary
value of the seaweed silage must be maintained. The phaeophyte, Alaria esculenta was
selected for silage because of its high protein quality 164 g/kg Dry Mass, DM, (Gaillard et al.,
2018) and its abundant availability. Ascophylum nodosum, Fuccus serratus, Fuccus
vesiculosus, Laminaria digitata and Palmaria palmata were also selected for the small scale
silage experiments based on their availability and inherent value.
The objective of this study is to establish an alternative economically viable nonagricultural input feedstock for the green biorefinery process; to make a novel seaweed
silage process.
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Materials and Methods
Experimental Design
A pilot scale experiment was conducted so that future large scale ensiling can be applied to
1T seaweed.
Seaweed
500Kg of the brown seaweed species (Alaria esculenta) was harvested from long lines (May)
using sharp steel blades. Approximately 200g of macroalgae was left on the lines for regrowth.
1Kg of Laminaria digitata, Fucus serratus, Ascophylum nodosum, Fucus vesiculosus and
Palmaria palmata were sustainably wild harvested in December. Seaweed were sourced from
Bantry Marine Research Station Limited (BMRS) in Gearshries, Bantry, County Cork on the
south coast of Ireland (51oN, -9oE). Processing and ensiling of the seaweed was conducted directly
after collection.
Ensilage
The seaweeds were hand cut and filled into bails and silos and compressed manually to remove
as much air as possible. The vessels were fitted with an air tight seal to facilitate anaerobic
digestion. The seaweed had 2 different pre-treatments; chopping and formic or citric acid. The
acid applied at 0.4% concentration using a compression sprayer to ensure equal coverage. The
pilot experiment utilised 25Kg silos and 1.5Kg bails to ensile a total of 500Kg of Alraia
esculenta. One litre silos were also used to process 10Kg of the aforementioned species. The
vessels were kept in a temperature-controlled storage area at 20 degrees for a period of 90 days.
Leachate collection
Effluent samples were collected on days 0, 2, 4, 7, 14 and 90. On day 90, the silage was
anaerobically stable. The liquid was collected in falcon tubes under liquid paraffin to maintain
anaerobic conditions during storage. This also prevented air from infiltrating into the silos. The
bails were destructively opened and sampled. Effluent samples were taken in triplicate and
stored at -18oC until further analysis was conducted. pH was measured directly in the silage

effluent by using a pH measuring electrode (Jenway pH meter 3510, Bibby Scientific
Limited, Stone, UK).
Analytical Methods

In this study the analysis was limited to compounds that would affect the potential use
of the waste effluent within a green biorefinery. As such, the following analytes and
components were selected for future assessment: mannitol; clostridium; lactic acid
bacteria (LAB); acids (acetic, lactic, propanoic, succinic, formic, citric, iso-butyric, nbutyric, iso-valeric, n-valeric, iso caporic, n-caporic, n-heptanoic, lactic, gluronic);
alcohols (ethanol, propanol); sugars (glucose, xylose, aribanose, fucose, rhamnose,
galactose, glucose, mannose, fructose, cellobiose, gentiobiose). The fermentation
coefficient (FC) of species was calculated using the following formula where TS = total
solid digestibility; WSC = water soluble carbohydrates; BC buffering capacity.

Statistical analyses

𝐹𝐹𝐹𝐹 = 𝑇𝑇𝑇𝑇 + 8

𝑊𝑊𝑊𝑊𝑊𝑊
𝐵𝐵𝐵𝐵

.

Statistical analysis will be conducted on all results to determine the significance of the
results obtained.
Results and Discussion
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This study is on-going and limited results are available for analysis.

pH analysis

Silos were better at keeping the pH low over the 90 day period.
Expected results and discussion
Leachate is formed from surface moisture of the biomass and cell juice. This is released due to
cell lysis during ensiling (Jones and Jones, 1995) and washed out valuable, highly digestible
compounds such as soluble carbohydrates, organic acids and alcohols, it is imperative to collect
and utilise the liquor in order to avoid large biomass losses.
After 90 days the waste effluent will most likely have a biomethane potential (BMP) close that
or higher than that of the silage. Similarly, to Laminaria digitata, Alaria esculenta has a high
buffering capacity.
Upon analysis, if butyric acid was increasingly formed from day 2 to day 90, it would indicate
that insufficient pH reduction prevented inhibition of clostridia. Ethanol in the silage effluent
would reflect yeast fermentation of soluble carbohydrates which were likely released with the
effluent to a larger extent.
When the pilot experiment is upscaled to volumes of 1 t seaweed performed at large scale, the
degree of compaction and the height of the silo is expected to effect the silage effluent formation
(Jones and Jones, 1995). It can be assumed that a higher degree of consolidation as compared
with laboratory scale silos would further increase the amount of effluent released in these silos.

Conclusions
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Alaria esculenta was successfully ensiled and produced large volumes of leachate (effluent).
Although, the silage and leachate analysis has not yet been completed it is expected that the
silage and waste effluent (leachate) will contain high levels of value-added products, thus
ensuring that a silage with high monetary value and waste effluent that will be an ideal input
feedstock for a green biorefinery, will be respectively produced.
Seaweed silage is a viable input substrate for a biorefinery in a circular bioeconomy model.
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Abstract
Urea is one of the most commercially used fertiliser worldwide due to its efficiency and cost
effectiveness. However, urea can be lost in the form of gaseous ammonia emissions which can
lead to increased greenhouse gas emissions. To minimize ammonia volatilisation losses and
reduce the resulting greenhouse gas emissions, urease inhibitors like NBPT (N-(n-butyl)
thiophosphoric triamide show promise in their application to agriculture. NBPT can be used as
a potent inhibitor to help the EU reach its target of 40% greenhouse gas reductions by 2030.
NBPT slows down urea hydrolysis, giving rain enough time to move urea into the soil thus
reducing ammonia gas losses. This study was triggered due to a lack of comprehensive risk
assessments on NBPT and the prevalence of knowledge gap around its safety. The results from
the study, hence, can be used to address this setback and shed some light on the topic
surrounding safety of NBPT. The objective of the study is to investigate whether cows grazing
on pastures treated with an inhibitor like NBPT would lead to its residues in foods of animal
origin (e.g., milk). The method that will be employed for quantification of NBPT in milk will
be the probabilistic risk assessment approach. Using Monte Carlo Simulations, multiple
exposure scenarios can be modelled to result in a probability distribution of NBPT in milk. The
results from the modelling can then be used to quantify the risk from consuming NBPT through
milk (risk characterization) and can also guide risk management strategies. This paper shows a
novel method of quantifying NBPT exposure in the feed chain and displays potential to address
the accompanying uncertainty and variability.
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Abstract
The quality of grass silage leachates produced by a novel grass silage fed dry-batch reactor
depends on the quality of the input substrate used. High quality grass-silages will produce high
value leachates that possess high lactic- but low butyric-acid concentrations. These highquality leachates, which will be determined based on a lactic- butyric-acid ratio, will be
redirected to a novel downstream biorefinery process. However, poor-quality leachates will be
redirected to an anaerobic digestor. To this end, the development of a whole cell biosensor that
can accurately and rapidly detect butyric- and lactic-acid concentration in real time, will for the
first time, allow for a high vs low value downstream processing pathway for grass silage
leachates to be determined in real time. To create this real time biosensor system identification
of butyric acid degradation pathway in Escherichia coli and the identification of a D-lactic acid
dehydrogenase was conducted. A novel E. coli strain which can utilise D-lactic acid as a sole
carbon and energy source is currently being developed. A butyric acid strain is also being
constructed which requires that several operon repressors be deleted so that a native operon
regulator involved in butyric acid degradation can be upregulated. Once completed, both strains
will be grown on their respective carbon sources to determine their ability to catabolise said
carbon source. These strains will be extracted and immobilised on dissolved oxygen probes as
lactic- and butyric-acid specific biosensors. The oxygen consumption response of these strains
for their respective carbon sources will be monitored at differing concentrations and will be
tested to ensure that they can only detect their specific carbon sources with the exclusion of
all other components in solution. These biosensors will be deployed on an automated system
from which large data sets will be generated. This data will initially be analysed and plotted
in Excel and later a program will be written to statistically analyse and process the data.
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Shubhangi Singh, David Kelleghan, Katie Wyer, and Thomas P. Curran
UCD School of Biosystems and Food Engineering, University College Dublin, Belfield, Dublin 4,
Ireland.
Abstract
As an EU member state Ireland needs to monitor and report its compliance to the national ammonia
emissions limit according to the National Emissions Ceilings Directive (2016/2284/EU). Monitoring of
ammonia for a long time can be economically and physically draining since it requires special sensitive
equipment and expertise in the field. Hence a statistical model which can accurately and efficiently
determine the ammonia concentrations in a poultry house using the measured parameters can help in
better analysis utilising less resources. The aim of this study is to develop a preliminary statistical model
for determining ammonia emissions by building relationship equations using measured parameters.
Data procured from the AmmoniaN2K project, including temperature, ventilation rate, CO2
concentration, and relative humidity, was used for creating the equations. A simple statistical model
was developed for predicting ammonia emissions (g/day/kg) for broiler houses.
Introduction
Indoor air quality is vitally important to livestock production. The introduction of hazardous air
pollutants reduces the quality of air, hence critically affecting the healthy living conditions of livestock
specifically in confined facilities (Ni et al. 2020). As per the National Emissions Ceiling Directive
(2016/2284/EU), each Member State must monitor and release reports for specific atmospheric
pollutants, including ammonia (NH3). NH3 is a harmful gas, coming from the agricultural sector,
particularly from livestock.
In Ireland 99% of NH3 results from agricultural activity (EPA, 2020) The poultry industry contributes
around 4% of total NH3 emissions (Kelleghan et al. 2020; Hyde et al. 2003). Ammonia can have
detrimental impacts on human and animal health, productivity of birds, ecology, and the overall
environment including effects such as respiratory diseases amongst workers, low egg laying capacity
in birds, eutrophication, and acidification of habitats, etc. (Dumont 2018; Radon et al. 2002).
Ireland’s national ammonia emissions exceeded threshold limits in the period 2016-2018 (Kelleghan et
al. 2020). It is expected that emissions will continue to rise, as targets get lower; further exacerbating
Ireland’s exceedance (Donnellan et al. 2018). These infringements on ammonia emission limits are also
harmful to ecosystems. The AmmoniaN2K team (University College Dublin and University of the West
of England, funded by the Environmental Protection Agency) intensively monitored broiler as well as
layer houses for the collection of NH3 emissions data. Monitoring across all Irish poultry houses with
specialised equipment would be economically as well as physically draining. For accurate and economic
monitoring, measurement data collected from the AmmoniaN2K project will be used for developing
statistical model between monitored data (temperature, humidity, CO2 concentration, ventilation rate)
and ammonia emissions from intensive layer and broiler production houses. If these statistical models
can give viable and feasible results for NH3 concentrations for broiler and layer houses, they can be
used for other type of farms in Ireland for long term monitoring.
The objective of this study was to analyse collected data of conditions within a single broiler house
to develop a sample statistical model capable of building relationship equations between NH3
emissions and simple parameters such as temperature, ventilation, CO2 concentration, and
relative humidity.
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Materials and Methods
Data Accumulation
Data from one broiler farm over a one-month period has thus far been analysed. The data used in this
study was collected by the AmmoniaN2K team of University College Dublin and the University of the
West of England. Temperature (℃), CO2 concentration (ppm), ventilation rate (m3/s), ammonia emission
(g/day/kg), and relative humidity (%) were collected/calculated during the previous project. For broilers,
two production cycles were monitored: cycle 1 (October-November) and cycle 2 (September-October).
This amounted to 334,544 data points analysed for the preliminary examination of the broiler house.
Data Analysis
For the analysis, ammonia concentration was presumed to be the dependent variable while temperature,
ventilation rate, and relative humidity and CO2 concentration were independent variables. Pearson’s
correlation coefficient calculations were carried out on ammonia concentration vs. each individual
parameter for each day. Determination about correlation between dependent and independent variables
was done using the resultant R-values. For the remaining analyses, the total daily data was minimised by
generating daily means for each parameter. Using these means, ANOVA analyses were carried out
between the dependent and independent variables. For generation of the preliminary statistical model, any
variable with a p-value of 0.15 or greater was to be excluded from the model.
Development of Preliminary Statistical Model
The preliminary statistical model was generated using single as well as multiple regression analysis on
Excel.
Results and Discussion
Pearson’s Correlation Coefficient (r- values)
For each set of daily values, r values were calculated to test the corelation between ammonia and all other
measured parameters in a broiler house and the following results were obtained:
For Cycle 1 the highest r-value found was for ammonia vs. ventilation on Day 22 (R2 = 0.879) and the
lowest r-value was obtained for ammonia vs. indoor temperature on Day 34 (R2 = 0.0002). For Cycle 2
the highest r-value found was for ammonia vs. ventilation on Day 20 (R2 = 0.8411) and the lowest rvalue was obtained for ammonia vs. indoor temperature on twenty seventh day (R2 = 0.014). Scatter
plots visually representing these correlations can be seen in Figure 1.
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Figure 1. Scatter plots of ammonia (g/day/kg) vs. ventilation rate (m3/s) [left], and ammonia (g/day/kg)
vs. temperature (°C) [right] for broiler production cycles- cycle 1 (top row) and cycle 2 (bottom row).
ANOVA Analysis
ANOVA analyses conducted on the daily mean for each independent variable determined that only
temperature and ventilation rate parameters were to be used in the statistical model based on p-values. For
broiler production cycle 1, ammonia versus indoor temperature had a P-value of 0.138, ammonia versus
outdoor temperature had a P-value of 0.0086 and ammonia versus ventilation rate had a P-value of
0.000163.
Regression Analysis and Development of Statistical Model
Using regression analysis on excel for the dependent and independent variables, coefficients were
determined as follows:
Cycle 1: Indoor temperature (-361.38), outdoor temperature (368.19), and ventilation rate (0.038).
Cycle 2: Outdoor temperature (-416.05), and ventilation rate (0.084). These coefficients were used to
generate the statistical model equation which can be seen as equation one, where T = temperature (°C),
and VR = ventilation rate (m3/s).

Cycle 1: NH3 (g/day/kg) = 3810.67 + (Tin) (-361.38) + (Tout) (368.19) + (VR) (0.038)

----------(1)

Preliminary statistical model to determine ammonia emissions for cycle 1 of broiler house is shown in
equation 1.
Cycle 2:

NH3 (g/day/kg) = 12359.39 + (Tout) (-416.05) + (VR) (0.084)

-----------(2)

Preliminary statistical model to determine ammonia emissions for cycle 2 of broiler house is shown in
equation 2.
For assessment of the model’s potential of determining ammonia concentration, the original monitored
values of known ammonia concentration values for cycle 1 and cycle 2 were plotted against the
predicted ammonia concentrations by the model for the same cycles. A visual representation of these
plots can be seen in Figure 2. The model ammonia concentration lies very closely to the actual
monitored ammonia concentration data for both cycles, with the largest concentration differences being
between day 34 in cycle 1 and day 31 in cycle 2.
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Figure 2. Ammonia emissions (g/day/kg) from model versus actual monitored values for broiler
production cycle 1 (left) and cycle 2 (right).
Conclusion
The initial statistical model developed for the study appears to be fairly accurate. We can also infer that
developing statistical models for ammonia emission in poultry houses is a good option to perform some
preliminary tests before doing the actual extensive monitoring. Statistical models such as these may be
functional in other farming practices such as pig rearing and other poultry rearing facilities.
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Abstract
Automated monitoring and control (M&C) biosensors are being developed for two UCD led, EU
funded projects, LIFE farm4more and MSCA-ITN AgRefine. These biosensors are being created
as novel M&C systems for grass silage fed Green Biorefineries (GBR), as presently only “after
the fact” monitoring without control is possible. The inability to provide real time M&C has meant
that it has not been possible to fully optimise grass-silage fed GBRs. This has significantly
impacted their economic feasibility as the presence of contaminants and/or desirable products has
only been identifiable after processing runs have been completed. The automated biosensors which
are currently being developed within the school’s newly created biosensor fabrication lab, will
attempt to provide grass silage fed Green Biorefineries with the following two capabilities:
1. Should contaminants present within grass-silage feedstocks be identified in real time, the
production run costs that are currently associated with producing products that have little
or no value, can be avoided.
2. Should high value components within grass-silage feedstocks be identified in real time,
production runs can be dynamically optimised to maximise product yields.
The biosensors comprise of E. coli cells that have been genetically engineered to select for a single
analyte within an end user’s bioprocess. These strains which are immobilised onto the heads of
dissolved oxygen probes, when presented with a specific analyte will consume oxygen. The
concentration of oxygen consumed is detected by the dissolved oxygen probe and is indicative of
the concentration of the analyte present within the end user’s bioprocess. This means that with
several biosensors the concentration of several analytes can be simultaneously obtained accurately
in about 1-2 minutes with an updated frequency of 20 minutes; enabling the process automation.

At present an automated biosensor system has been created that can simultaneously detect acetate,
propionate, formate, glucose, succinate, D- and L-lactate. However, work is currently under way
to expand this to butyrate, ethanol and individual amino acids.
Selected Recent Publications
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Abstract
As a result of growing national and international demand, Irish dairy production has been
increasing at a significant rate in the last decade. Farmers can satisfy this demand by
implementing diverse strategies on the farm, such as increasing the herd size or feeding more
protein concentrate. The impacts of these strategies are not only economical but also
environmental as greater and bigger herds emit more direct greenhouse gases and require more
externalities, increasing the indirect emissions associated with milk production. The
Farm4More project sees this economic and environmental problem as an opportunity for
change due to the development of technologies that aim to mitigate the climate change impact
of the dairy industry while increasing the productivity of it. One of these technologies is the
development of a green biorefinery fed by grass silage. By using a screw press to separate the
solid and liquid portions of such feedstock, the production of press-cake and liquid protein
concentrate is available. The former due to its low nitrogen and phosphorus content but high
fibre content, make it an interesting climate mitigation product as theoretically the direct
emissions of the animal should decrease while productivity is maximised. Nevertheless, a green
biorefinery requires a considerable amount of electricity and heat which when quantified
against the climate mitigation of feeding the press-cake reduces its impact. Therefore, a life
cycle assessment is performed to quantify the environmental impact of this strategy. The initial
results obtained by defining performance projections of the end of year trials showed a
considerable impact on the carbon footprint of milk. The Irish milk carbon footprint baseline
which was determined to be 1.05 kg CO2-eq/kg of fat-and-protein-corrected-milk (FPCM) was
reduced to 0.97 and 0.96 when press-cake replaces 25% and 50% of grass silage demand during
housing days, respectively. In addition, press-cake has the potential of reducing methane
emissions arising from enteric fermentation because of the by-passing capabilities of its protein
content. Initial projections show that these could furtherly reduce the carbon footprint of milk
to 0.96 and 0.94 kg CO2-eq/kg FPCM for a 25% and 50% replacement of grass-silage,
respectively.
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SPATIAL AND TEMPORAL ANALYSIS OF MICROBIAL
QUALITY OF BATHING WATER IN IRELAND
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4, Ireland.
Abstract
Bathing water quality has a close relationship with the management of the water quality and public
health, following the EU Directive on bathing water (2006/7/EC). The assessment and monitoring
of local bathing water could directly reflect the change of the bathing water quality in a period of
time, data from which could be used for prediction of potential water quality in the future. Bathing
water quality is influenced by different factors, for instance, collection locations, time period
within a year, month, or day, which analysed to achieve the target of investigating spatial and
temporal analysis of microbial quality of bathing water in Ireland.
Introduction
One of the public issues that occurs in the management of beaches is the monitoring of the
bathing water quality. Based on the EU Directive on bathing water(2006/7/EC), the main
indicators that reflect bathing water quality are Intestinal enterococci and Escherichia coli (E.
coli). The Table 1 is included in the EU Directive on bathing water (2006/7/EC) which provides
categories of excellent, good, sufficient quality for inland, coastal, and transitional water.
Considering the monitoring of microbial quality of bathing water in Ireland, the collection point
could be from an inland location or from coastal locations. In inland waters, the volume of
water body is far lower than that from coastal points, meaning that microbial organisms could
be more concentrated in the inland bathing water, since the density and diversity of microbial
organisms could be relatively larger than that in coastal waters, due to the higher temperature,
lower salinity, and higher nutrient levels expected in inland waters. Moreover, inland waters
are more prone to be influenced by the local climate and human activities in the surrounding
areas. In contrast, coastal waters directly connected with the ocean (with its huge volume of
water body) experience more stable temperature, salinity, and nutrient levels, making water
quality homogeneous and predictable (Laureano-Rosario et al., 2019).
The objective of this study is to analyze the microbial quality of bathing water in Ireland
and its variation according to time and space factors.
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Table 1. Categories of excellent, good, sufficient quality for inland, coastal, and transitional
water (Decision, 2006)

Materials and Methods
Mapping software (i.e. QGIS software) will be used to create a dynamic map that integrates
geographical information on bathing sites, historical time series data of bathing water quality
obtained from beaches.ie, and peripheral environmental factors that might impact the microbial
quality of bathing water. The time series maps thus constructed will be combined with remote
sensing data obtained from Sentinel-3 to build a model to predict the microbial quality. QGIS
software, MATLAB, and Dynamic Mapping Techniques and methods applied in this work are
described below.

1.Quantum GIS software
QGIS Desktop 3.4.11 with GRASS 7.6.1 was used to create the map containing
referenced water quality data, in the thesis, the bathing water quality refers only to the
Intestinal Enterococci and E. coli value. These bathing water quality indicators data
will be summarized based on different clusters in the spreadsheet with the csv format
that could be imported into the QGIS software, with the operation in the software, the
value of these indicators will be shown with the name of the collection point to have a
visual representation that could be readable by audience obviously.
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2. Remote sensing data
The remote sensing data were collected from Copernicus Open Access Hub
(scihub.copernicus.eu) from the 2010 to 2020. The website provides complete, free, and open
access to the data collected by Sentinel-3. The advantages of remote sensing allow repetitive
coverage, which is useful to collect dynamic water quality data. The remote sensing data could
be quickly processed and analyzed using software; it is relatively easy to refer to construct base
map without detailed land survey methods; it allows for easy collection of data over various
scales and resolutions. To the disadvantages of remote sensing, the sensors applied are
determined by human beings and the time when the data will be collected; human error might
occur during these processes. The instruments might not be calibrated, which leads to these
data that are not accurate; which can lead to the decrease in resolution and analysis of the same
image repeatedly would be ignored.
3.Bathing water site model
Bathing water sites in Ireland include both inland and coastal regions. The bathing water site
model would be created using QGIS software and the remote sensing data collected from
Copernicus Open Access Hub. These remote sensing data were put together and processed in
one table, which could be imported into the QGIS software, based on the parameter which
reflects the microbial quality of bathing water, the concentration of E. coli and Enterococci
were chosen from remote sensing data and from beaches.ie. They were put together in one table
cell. The operation is based on the expression function of QGIS to allow parameters to be
expressed simultaneously to provide an intuitive representation of these parameters that are
regulated by EU directives to measure the quality of bathing water.
Expected Results and Discussion

Figure 1. Bathing water quality (Intestinal Enterococci and E. Coli value) map in Ireland 2019
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The figure 1 is the bathing water quality (Intestinal Enterococci and E. coli value) map which was
created based on the remote sensing data collected from the sentinel 3. These data were saved in
the spreadsheet and clarified based on the coordinates of these collection points. As the expected
results, these value of Intestinal Enterococci and E. coli are shown with the locations of these
collection points.

Figure 2. Bathing water quality classified by year 2018 (Environmental Protection Agency, 2019)
The figure 2 above shows the overall bathing water quality in Ireland which was published by
Environmental Protection Agency in 2018. In the figure, the relationship between quality of
bathing water and years is shown. In each of the bars, the proportion of these different qualities
are shown in different colour. To the expected results, the spatial and temporal might follow a
stable variation among different clusters, which fulfil the regulations and directives published by
local and national agencies to ensure the public health (Environmental Protection Agency, 2019).
Conclusions
Based on recent EPA reports, bathing water quality is improving in the past years, with over
90% of all the collection points in Ireland meeting or exceeding the minimum value which
regulated to be classified as Sufficient Bathing water quality. But five collection points
experience Poor water quality, they are Merrion Strand, Portrane the Brook Beach, Clifden
Beach, Lilliput Lough Ennell, and Ballyloughane Beach.
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Abstract
In recent years, it has been noted that the number of public water supplies affected by excessive
pesticide standards has increased. According to European Union (Drinking Water) Regulations,
2000 (S.I. No. 439 of 2000), the acceptable total pesticide level in drinking water is 0.5µg/L.
This preliminary work explored the measurement data of total pesticide content in drinking
water in five major urban water supply areas in Ireland, which were obtained from the Irish
Water website (www.Water.ie). By using MATLAB to analyze the changes in pesticide content
in drinking water overtime in the past fifteen years, it was found that all the data were below
the limit. The next research will focus on using ArcGIS to draw visual maps and optimize
MATLAB analysis methods to obtain a spatiotemporal analysis of pesticides in drinking water
throughout Ireland.
Introduction
Access to clean water is a fundamental human right and vital to sustaining health. However,
reports indicate that residues of pesticides occur in different water sources. Water is an
important component of public health and failure to supply safe drinking water will cause a
heavy health burden to humanity. The contamination of surface and groundwater by pesticides
is discussed by different authors (Mekonen et al., 2016). In Ireland, MCPA is one of the main
pesticides in drinking water which is mostly used to control the growth of rushes.
Pesticides may enter into the aquatic system by diffusion to the surface or subsurface
hydrological pathways. Pesticide transport to surface water is mainly caused by spray drift,
runoff water, and drainage water. This may happen, due to improper operations such as filling
of sprayers, washing of measuring utilities, disposing of packing materials, and cleaning of
spraying equipment. The pesticide sprayers can do mixing/loading or dilution of pesticides near
water sources, which contaminate the water as well as the irrigated crops. In turn, such practices
affect the health of the communities living in these areas. In developing countries, the need to
ensure local agricultural production and food security while simultaneously protecting the
population against health effects from pesticide exposure remains a major public health
challenge (Kesavachandran et al., 2009). Furthermore, developing countries use only a small
amount of the world's agrochemicals, but they suffer from 99% of deaths from the unsafe
application of pesticides and poor handling due to illiteracy and poverty status of the users.
Even if Ethiopia has a huge potential of surface and groundwater sources, the country utilizes
a small portion of these resources. (Ikehata and Gamal El-Din, 2005)
The objective of this study is to perform spatial and temporal analysis of pesticides in
drinking water across Ireland by using MATLAB and ArcGIS.
Materials and methods
Data collection
Table 1 The fundamental information of five water supply zones
Region

Water supply zones

Population served

Volume Supplied

Supply type

Dublin

DCC ZONE 6

98991

71667

PWS

Galway

Galway City PWS

81725

42827

PWS

202

Limerick

Limerick City Environs
PWS

114137

45418

PWS

Cork

Cork City Water Supply

131567

60918

PWS

Sligo

Foxes Den Public Water
Supply

22509

9721

PWS

The five regions' drinking water quality data from 2014 to 2020 were retrieved from the Irish
Water website (www.Water.ie). First, use the "MAP VIEW" function of the website to locate
each city center accurately. Second, use the date filter to obtain September 10, 2014 Data from
date to December 31, 2020 (if the water quality data of a specific month is missing, the data
provided by the website shall be subject to the retrieved data). Third, select the water quality
parameter "total pesticide" to obtain the final data. Finally, copy the acquired data to a Microsoft
Excel (2010) spreadsheet and save it as a CSV file.
Relevant literature was sourced through academic search engines, including UCD OneSearch
and Google Scholar; relevant government public reports are available on EPA and Irish
government websites.
Data analysis
The pesticide concentration data for the five water supply zones are obtained from the Irish
Water website, including non-numerical data such as <0.5. This was addressed by utilizing the
"Find and Replace" function in Microsoft Excel (2010) to replace "<0.5" with "0.5", and replace
other similar non-numeric data with numeric data using the same way. The processed electronic
files were then saved in CSV file format for data analysis in MATLAB.
An analysis of variance (one-way analysis of variance) was performed to compare and
determine significant differences in pesticide concentration data between the five water supply
zones. First, the null hypothesis (H0) of the ANOVA analysis was set, which means there is no
significant difference in the drinking water pesticide concentration of the five water supply
regions. Second, set an alternative hypothesis (H1) of the ANOVA analysis, which means there
are significant differences in pesticide concentrations in drinking water in the five water supply
zones. Third, set the statistical significance level of all analyses to 0.05 (α=0.05). Forth, if a
significant difference is observed in the one-way ANOVA (P>0.5), multiple comparison tests
(HSD) are being performed.
Results and Discussion
The boxplot is a method of graphically depicting groups of numeric data through quartiles. It
can be seen from Figure 1 and Table 1 that in the selected five cities, all the data are distributed
between 0-0.5ug/L, and the mean value is very low. However, by observing the box shape of
the selected area, it can be seen that the square boxes and lines of Cork, Galway, Limerick, and
Sligo are shorter, indicating that the dispersion of normal values is low and there is a high
degree of aggregation. On the other hand, in Dublin, the square box is very long, indicating that
the data has a high degree of dispersion (0.2316).
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Figure 1. The boxplot of five water supply zones
Table 2. The main data of five water supply zones

Analysis of variance
Table 3. The ANOVA analysis of 5 Water Supply Zones

The one-way analysis of variance (ANOVA) 's main function is to determine whether there are
statistically significant differences between the means of three or more independent
(uncorrelated) groups. H0 and H1 have been explained in the ‘Data analyzing’ above. The
following conclusions can be drawn from the above Table1. The sum of squares of betweengroups differences is similar to the sum of squares of within groups differences; 2. The MS
value of between-groups differences is higher than the M.S. value of within groups differences;
3. The F value is high; 4. The P-value is much less than 0.05. The above data analysis points
can indicate that there is a significant difference between the five water supply areas, and H0
should be rejected.
Future work
Currently, there are only five water supply zones in the research and they are concentrated in
cities. In future studies, the subjects will be expanded to more counties throughout Ireland,
including cities and rural areas. At the same time, use more appropriate and rich methods will
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be used to process and analyze data. ArcGIS will also be used in future research to obtain more
spatial information. This will allow investigation of the trends, if any, of pesticide concentration
in Irish drinking water over time using MATLAB and to obtain a visualization map through
ArcGIS.
Conclusion
Pesticides are one of the most tested pollutants in Irish drinking water. Since 2014, all of the
water supply zones have pesticide levels below 0.5ug/L, which is safe. Except for the Dublin
water supply area, the pesticide content in the drinking water of the other four water supply
areas is very low, with an average value below 0.04ug/L. Although the average value of the
Dublin area is 0.19ug/L, there are a lot of data close to 0.5ug/L, which is not ideal. And it was
found that the pesticide content in drinking water in Dublin is significantly different from the
other four water supply areas. Although the detected levels of pesticides do not pose a health
threat, they are still undesirable and should ideally be as close to zero as possible.
References
IKEHATA, K. & GAMAL EL-DIN, M. 2005. Aqueous Pesticide Degradation by Ozonation
and Ozone-Based Advanced Oxidation Processes: A Review (Part II). Ozone: Science
& Engineering, 27, 173-202.
KESAVACHANDRAN, C. N., FAREED, M., PATHAK, M. K., BIHARI, V., MATHUR, N.
& SRIVASTAVA, A. K. 2009. Adverse Health Effects of Pesticides in Agrarian
Populations of Developing Countries. In: WHITACRE, D. M. (ed.) Reviews of
Environmental Contamination and Toxicology Vol 200. Boston, MA: Springer US.
MEKONEN, S., ARGAW, R., SIMANESEW, A., HOUBRAKEN, M., SENAEVE, D.,
AMBELU, A. & SPANOGHE, P. 2016. Pesticide residues in drinking water and
associated risk to consumers in Ethiopia. Chemosphere, 162, 252-260.

205

Zhihao Yuan, BE, M.EngSc., PhD
Project Title: Environmental and human health risks from microplastics
Project Leader: Prof. Enda Cummins
Abstract
Marine plastic pollution is one of the most critical environmental issues worldwide and has
attracted widespread attention from all social sectors. Plastics are not easily biodegradable and are
only broken down into micron to nano-sized particles. However, microplastics are available for
uptake by living organisms, migrating through the intestinal wall and reaching lymph nodes and
other body organs. They accumulate in the food chain and release toxic chemicals that cause
serious disease, including cancer. The purpose of this paper is to assess the current risk of MPs in
the marine ecosystem on environmental and human health by analysing the results of scientific
research and the reports and regulations issued by government agencies on a global scale. This
review presents a comprehensive evaluation and analysis of microplastics from hazard
identification, exposure assessment, hazard characterization and risk characterization according to
the risk assessment methodology. First, microplastics are identified, investigated, and qualitatively
characterized in basic elements such as size, colour, shape, and type. Subsequently, the abundance
and distribution of microplastics in marine ecosystems and human food systems were investigated
under exposure assessment. The environmental and human health hazards of MPs in marine
ecosystems are also characterised, and the mechanism of effects and toxicological properties of
microplastics on humans are summarized. The research outcome lists a summary of identification
and quantification methods and general quantitative and qualitative risk assessment strategies.
Also, a brief synopsis of resolutions promulgated by the government and non-government agencies
are documented. Then, this research focused on building a risk ranking model of microplastics by
36 types of polymer based on 5 risk factors (global waste generation, mean density, lifetime,
particle mean diameter, toxicity score) to human health.
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Abstract
Globally, soil carbon sequestration in agricultural soils is estimated to have the potential to
offset between 20 and 35% of current anthropogenic GHG emission (Minasny et al., 2017).
Stabilised soil organic carbon has been shown to have a constant ratio of C:N:P:S (Kirkby et
al., 2011, 2016) thus demonstrating that there is a nutrient requirement to achieving long-term
soil carbon stock. A targeted approach for soil management that delivers an optimum
conversion rate of OM input to soil C stock is necessary to incentivise farmers in soil carbon
stock payment schemes. In this study, the overall aim is to test C:nutrient stoichiometry as an
alternative strategy for soil carbon sequestration in Irish soils. A preliminary laboratory
incubation study assessed the rate of crop residue decomposition in soils following one cycle
of crop residue and nutrient supplementation. Five soils with a range of clay content were
incubated with crop residues (wheat straw or senescent grass) with or without supplementary
nutrients to achieve a 30% humification rate. A total of 9 treatments were tested, control (soil
only), soil + crop residue (CR) – straw, soil + CR – grass, soil + CR - straw + 100%
supplementary nutrients, soil + CR - grass + 100% supplementary, soil + CR - straw + P + S
(N limiting), soil + CR - straw + N + P (S-limiting), soil + CR - straw + N + S (P-limiting) and
soil + CR - straw + 150% supplementary nutrients. A high CO2 efflux was observed in week 1
and 2 and this declined in all treatments approaching an equilibrium state in week 12. A highly
significant (P < 0.01) treatment effect was reported for total CO2 respiration for the 12 week
period in each soil. Straw supplemented with nutrients at stoichiometric rates of 100% and
150% produced significantly higher (P < 0.01) amounts of total CO2 when compared to unsupplemented crop residues in three out of five soils. Nutrient supplementation of grass
residues was less effective. In the three soils that showed higher rates of straw decomposition
with 100% nutrient supplementation, soils that were either N-, P- or S-limiting did not produce
the same rates of CO2. This demonstrates that additional nutrient inputs are required to
sequester higher rates of soil C, but the amount of nutrient provision may be dependent on the
initial soil carbon and fertility status of the soil. Further analysis will be conducted to determine
the effect of initial soil carbon content and available soil N, P and S on the decomposition rates
of crop residues.
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Abstract
There is no standard approach to deciding which environmental impacts should be used for life cycle
assessment of bioeconomy products such as second-generation of biofuels. While these products have
brought light at the end of the tunnel for tackling climate change, they are associated with many other
potential environmental impacts, such as land occupation, biodiversity loss, ecotoxicity and
eutrophication. The use of unwanted crop residue’s biomass to produce bioenergy has overcome some
of the limitations of first-generation biofuels, but environmental issues remain. There is little insight
into how different sectors and stakeholders of the bioeconomy prioritize different impacts. A study will
be conducted to identify the key environmental impact indicators associated with second-generation
biofuels in the bioeconomy and to identify the priority of importance of the impacts by different
stakeholders. The results will be used to develop a rank priority for the main indicators of

environmental impacts used in common LCA methods and will be compared with the policy
prioritization conducted by the European Commission Joint Research Centre for Product
Environmental Footprints.
Introduction

The greenhouse gases emissions and the rapid pace of natural resource depletion associated with energy
consumption have driven researchers to focus on sustainable energy development. Second-generation
biofuels (Bioethanol and Biodiesel) produced from unwanted biomass residues have the potential to
help the global effort to combat climate disruption and secure energy supply (Zhang, 2016). About 20%
of energy produced is used for transportation, which represents 18% CO2 emissions globally (Bilgen,
2014), so biofuels are seen as one the feasible options to replace fossil fuels, as they can be used as
transport fuels with small changes to present technologies such as the Brazilian flex fuel vehicles
(Jansson et al., 2017).
First generation biofuels are produced from dedicated agricultural crops such as sugarcane, corn and
vegetable oils which inherently contain high sugar content and converted into biofuel through
fermentation and distillation processes (Naik et al., 2010).The feedstocks and processing for these
biofuel have been linked to environmental impacts such as nutrients release (eutrophication and
acidification), freshwater aquatic eco-toxicity, terrestrial eco-toxicity, and photochemical oxidation
through its conversion processes or transportation (Cavalett et al., 2012). Second-generation biofuels
are produced from non-food residual biomass for energy production (Sharma et al., 2020) and are
produced from lignocellulosic biomass through hydrolysis and subsequent fermentation. The
conversion process of lignocellulose in biorefineries also produces waste streams potentially harmful
to water quality and the environment (Nizami et al., 2017). Most feedstocks may be grown on degraded
and abandoned areas and present better water uptake efficiency (Fernando et al., 2015), overcoming
some of the drawbacks from the first-generation biofuels.
While life cycle assessment (LCA) studies have reported multiple impacts of second-generation
biofuels (Parsons et al., 2018), there is little understanding of how different stakeholders prioritise or
rank the different impacts that can occur. The impacts of biofuel systems are typically quantified using
LCA, where each report is associated with specific actors (foremost the commissioner and practitioner)
but the interests of stakeholders (local agencies, academic community, private companies, residents and
so on) are not necessarily understood during the scoping stage so the reason for the selection of impact
categories can be unclear. Different stakeholders could well prioritise different environmental impacts
making studies less useful than they might be. The most relevant environmental impact categories for
agriculture-based processes are water depletion, climate change, freshwater and marine eutrophication,
human toxicity, acidification, ozone depletion, ecotoxicity and agricultural land occupation (Sala et al.,
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2018). Climate change is a clear impact of public relevance and biodiversity loss is emerging in public
discourse (Skogen et al., 2018), but perceptions of other impacts are less clearly understood.
The objective of this study is to define key environmental impacts related to second- generation
biofuels as an output of the bioeconomy and to rank the impacts in priority order from different
stakeholder perspectives.
Methodology
The study involves three phases: (i) identification of the relevant environmental impacts associated to
bioeconomy through a systematic literature review; (ii) online Delphi survey of stakeholders to collect
data on the prioritization of environmental impacts; and (iii) data analysis and indicator ranking (Figure
1).
(1) Search strategy
The systematic review will search using ScienceDirect, Scopus, Google Scholar and Microsoft
Academic. The preliminary search strings will be:
[“Life cycle assessment’ OR “life cycle analysis” OR LCA] AND [“impact category” OR “impact
method”] AND [(“second generation” AND/OR Lignocellulosic) AND biofuel] OR [bioethanol OR
biodiesel]
The returns from each search are to be collated, replicates removed, and the title, abstracts and
keywords reviewed to exclude studies based on relevance (i.e., the study was not directly modelling a
second-generation biofuel using LCA). The studies will be analysed to identify (a) the biofuel of
interest, (b) the impact method(s) used, and (3) the impact categories used.
(2) Delphi method
The Delphi method is used to study a complex issue through a panel of experts, which are chosen for
their special knowledge and experience regarding the issue under investigation (Devaney and Henchion,
2018). The method collects indispensable judgmental information, which cannot be quantified using
proxies. The methodology involves two or three rounds of surveys, during which participant opinions
are collected, combined, given feedback, and returned for re-evaluation between rounds (Näyhä, 2012).
Thus, the participants can interact anonymously, analyse others’ perception, and agree or disagree with
others’ claim, understanding different perspectives (Devaney and Henchion, 2018). The key advantage
of this approach is that it avoids direct confrontation with and among the participants. The different
stakeholder groups are being represented by proxies in the academic community, using students
enrolled in specific degree programmes to represent different perspectives of the bioeconomy.
Agriculture students have a self-selected interest in resource production, engineering students in
processing, environmental science students in the wider environment and business students in the
supply chain and business case. An application is being made for ethical approval for a survey that

asks each participant to score, using a 7-point Likert scale (with 1 being not significant at all,
7 being extremely significant and 4 indicating no opinion) the relative importance of the
headline impact categories and the impact indicators.

(3) Data analysis
The analysis will test the hypothesis that there is no significant difference in rank priority among the
different stakeholder perspectives. This will be evaluated using the Kruskal-Wallis test. The overall
reliability of the data will be evaluated using Cronbach’s alpha test. The relative ranking of each impact
category will be evaluated using the Relative Importance Index (RII) (Hossen et al., 2015).
Results and Discussion
Although each of the impacts of indicators can transversally affect different stakeholders, some
indicators will probably reach consensus, such as climate change. The results will indicate which are
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the main environmental impacts of the bioeconomy perceived to be of most importance from different
perspectives of the bioeconomy.
Expert judgments in this study will only be collected from researchers, in order to establish the current
level of academic knowledge regarding to environmental issues associated with the bioeconomy. In the
study conducted by Devaney and Henchion (2018), the selection of a participant is related to their
interaction with the bioeconomy, which is classified over three levels: Subjective, mandate and
objective represented by stakeholders, policymakers, and researchers, respectively. In this context,
researchers from different academic backgrounds and familiar with the topic of the bioeconomy, present
a sufficient level of expertise in their respective fields of study; therefore, they can deliver an informed
opinion to the issue due to their critical evaluation of scientific information from different perspectives
of the bioeconomy such as agricultural, ecological, or business. If the null hypothesis is rejected, the
alternatives might be that stakeholders with a biological/ecological perspective will perhaps rank
biodiversity/eco-toxicity impacts higher than human and atmospheric impacts, while those with an
agricultural perspective will perhaps rank water quality impacts higher than atmospheric impacts. It is
expected that all will rank climate change at or very near the highest priority. The results are aligned
with a specific sub-sector of the bioeconomy and will inform LCA decision making at the scope stage
for studies focused on technology innovation, impact mitigation and research. Policymakers could use
the results to focus on issues and raise awareness about the impacts of transition to bioeconomy.
Conclusions
At this stage it is not possible to draw conclusions. When the study is completed, it will be possible to
identify whether (1) different stakeholders prioritise different impacts and (2) which impacts should be
prioritised to make studies of maximum benefit to most stakeholders.
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USE OF SENTINEL-2 DATA TO MONITOR PLANT DENSITY AND
ESTABLISHMENT RATE OF WINTER WHEAT FIELDS
Bing-Bing E. Goh, Nicholas M. Holden
UCD School of Biosystems and Food Engineering, University College Dublin, Belfield, Dublin 4, Ireland.
Abstract
Plant counting is a labour intensive and time-consuming task for the farmers. However, it is an important
indicator for farmers to make decisions on subsequent field management. This study is to evaluate the
potential of Sentinel-2 images using statistical analysis to retrieve information on plant density for
monitoring especially during critical period at the end of February. The model was calibrated with in-situ
data from 19 winter wheat fields in Republic of Ireland during the crop growing season in 2019-2020.
The model for plant density resulted in R2 = 0.77, RMSECV = 103 and NRMSE = 14%. This study has
shown the potential of using Sentinel-2 to estimate plant density and quantify plant establishment to
effectively monitor crop progress and to ensure proper field management.
Introduction
Winter wheat like other cereal crops has two major growth phases, namely vegetative and reproductive.
At the beginning of vegetative development, the plant starts to construct the leaf and stem through the
solar radiation interception. The first noticeable vegetative development of winter wheat is when the
coleoptile or the first leaf becomes visible above the soil surface. The plant emergence and
establishment mark the starting point of the crop growth. This is also an important time for the farmer
to ensure the plant emerge uniformly in the field. It is crucial for the farmer to know the number of
plants per unit area in the field meet target, optimum or maximise yield. The effect of plant density on
subsequent tillering and grain yield has presented in the literature (Bastos et al., 2020, Fischer et al.,
2019, Fang et al., 2018).
The Copernicus Sentinel-2 is a European Space Agency wide swath width (290 km), high resolution
(10 m), high revisit time (2-5 days), multispectral imaging mission. The aim of Sentinel-2 mission is
to monitor the variability of land surface conditions. It provides great potential for vegetation
monitoring due to its improved spatial, spectral, and temporal characteristic compared to older SPOT
and LANDSAT platforms. The optical instrument payload of Sentinel-2 has ability to samples 13
spectral bands with Blue, Green, Red and Near Infrared bands at 10m, Vegetation Red Edge, Shortwave
Infrared bands at 20m and coastal aerosol, water vapour at 60 m. Previous studies have demonstrated
the potential of Sentinel-2 to estimate the leaf density (Romano, Ricci and Gentile, 2020), vegetation
fraction and plant density (Ganeva and Roumenina, 2018), and leaf chlorophyll density (Vincini,
Amaducci and Frazzi, 2014) with good accuracy. Using satellite imagery to estimate the plant density
and emergence rate for winter wheat will provide a cost-effective way for timely observation over large
spatial areas. Farmers will be able to quickly identify problems in the field and make decision to
improve farm management. The end of February is a pivotal time for the farmer to examine the crop
after winter. The right number of plants will ensure good size grain ears and satisfactory yield. If
establishment has been poor, a decision can be made to re-plant the field with a spring crop.
The objective of this study was to assess the potential of Sentinel-2 to monitor plant density and
quantify establishment rate of winter wheat in February each year.

Materials and Methods
The study sites were 19 winter wheat fields in Republic of Ireland, over 8 counties (Dublin, Meath,
Louth, Kildare, Laois, South Tipperary, Cork, and Wexford). The climate in these counties has an
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annual mean temperature between 9° C - 11° C. Louth and Dublin received rainfall between 600-800
mm whereas Cork received highest annual rainfall between 1000-1200 mm. The rest of the counties
received 800-1000 mm rainfall annually. The fields nearby the coast get 1300-1400 hours of total
annual sunshine while the inland fields get 1200-1300 hours of total annual sunshine. The 19 fields are
mostly flat, the soil has fine loamy texture dominated by grey-brown podzolic. Ground truth data were
sampled from December to July. Within this period, the sampling covers 5 major phenological stages
of the winter wheat namely, tillering, stem extension, heading, ripening, and harvest. This study focuses
on sampling from December to February.
A homogeneous 100m x 100 m sampling area (e.g., Figure 1) that avoided water features and
topological differences was sampled using 5 x 0.5 m x 0.5 m transects in each field. The location of the
sampling area was 20 m from the field boundary to avoid the edge and shadow effect from the shrubs
or bushes. The biophysical parameters collected were number of plants, number of tillers and
phenological stages and biomass) were measured at field scale.
Sentinel-2 imagery from both sensors Sentinel2A and Sentinel-2B
were used in this study. The Level-2A product which provides the
bottom of Atmosphere reflectance was acquired from the Google
Earth Engine website. European Space Agency did not produce
the level 2A image for all the level 1 products. From the 13
spectral bands, Band 1 (Coastal aerosol), Band 9 (Water vapour)
and Band 10 (SWIR-Cirrus) were excluded. The rest of the
spectral bands that are sensitive to vegetation were resampled at
10 m spatial resolution for further data analysis. The images on
the field visit date were used to build the regression model.
However, if no image available on that day, images within 2-4
days to and from the field visit date were used.
The non-parametric multivariate regression model has been
developed
in this study. In the model, Partial Least Square
Figure 1. 100 m x 100 m sampling area
Regression
method was used with the 10 spectral bands from
in winter wheat field
the Sentinel-2 as predictors and plant density as response
variable. The mean reflectance values of 10 spectral bands
within the 100 m x 100 m sampling areas were extracted as the input data for regression. In addition,
the average value of the plant density from the 5 random samples were calculated as the input for the
regression model. Full cross validation was selected in the calibration model. For achieving high
prediction ability model, there were several configurations were included such as ratio of calibrated to
validated residual variance, ratio of validated to calibrated residual variance and the residual variance
increase limit. The influence plot was examined to identify the outliers affected the model. The best
partial least square component was selected based on the root mean square error of cross validation
(RMSECV), for the magnitude of error and coefficient of determination (R2), for spatial pattern and
normalised RMSE (NRMSE in %) to ensure the model does not overfit. The model was then applied
to the time series Sentinel-2 image using the map algebra. The spatial variation of the plant density
was reclassified based on the general benchmark value for good yielding of Republic of Ireland to
quantify the plant establishment rate.
Results and Discussion
The best correlation model had an R2 value of 0.77 and root mean square error of 103 Plant/m2. The
first two Partial Least Square components (Figure 2) describe 98% and 67% variation in the Spectral
and the plant density. The accuracy of plant density measurement can be improved by measuring the
plant at more similar phenological stages. From the correlation loading plot, the plant density of winter
wheat is best correlated to spectral band of Band 6 (Vegetation Red Edge 2), Band 7(Vegetation Red
Edge 3), Band 8 (Near Infrared) and Band 8A (Near Infrared Narrow).
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Figure 2. Correlation loading plot showing relationship between spectral and plant density

Figure 3. Predicted vs Reference plots for cross validation

According to Teagasc, the target winter wheat plant population should between 250-300 plant/m2 in
Ireland for optimum yield. The spatial trend of the fields was mapped, and the establishment rate was
calculated using Spatial Analyst tool in ESRI ArcGIS Pro 2.7.x. The plant density was classified into
6 categories with area of no plant, 0-100 plant/m2 (poor establishment), 100-200 plant/m2, 200-300
plant/m2 (targeted plant density), 300-500 plant/m2, >500 plant/m2 (area of shrub, trees and no winter
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wheat plant). The establishment rates of one of the fields in
Ireland (Figure 4) are 48.9% for 100-200 plant/m2 and
44.7% for 200-300 plant/m2. The field has achieved 44.7%
of targeted plant establishment by end of February. The
overall plant establishment of the field is 93.58% which has
over the 70% plant establishment benchmark in Ireland.
Conclusions
The plant density and plant establishment rate were
successfully estimated using Sentinel-2 imagery. The results
of the study can be achieved with greater number of samples
added from another round of field samplings in 2020-2021.
The results of plant density and plant establishment rate can
be used to examine the impact to the grain yield in the
following research.
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Figure 3. Spatial distribution of winter wheat
field based on plant density
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Abstract
Currently, the dairy processing industry faces a significant issue relating to disposal of waste.
Whey permeate (WP) and delactose whey permeate (DLP) represent a key challenge for dairy
processors in view of their high organic loads and lack of reliable current disposal routes.
AgriChemWhey seeks to build the world’s first integrated biorefinery to transform WP and DLP
to sustainable bio-based products such as biochemicals and biopolymers. The objective of the
current work is to quantitatively estimate the environmental performance of a simulated industrial
scale lactic acid (LA) production process from dairy side streams using pilot scale biorefinery data
and a process simulation model to generate activity data for the life cycle assessment (LCA). The
reason for the early-stage assessment is to identify the steps within the biorefinery that can be
optimised or improved to avoid any future adverse consequences. Initially, the pilot scale data
were collected and transformed to large scale biorefinery inventory using SuperPro Designer.
Consequently, the large-scale inventory for lactic acid production has been used as input in
OpenLCA software to evaluate the environmental impacts of the system. The functional unit in
this study was defined as 1 kg of LA production from WP and DLP streams. The system boundary
utilised in the study was “gate to gate”, which includes processes such as pre-treatment,
fermentation, and a series of purification steps. The environmental impacts evaluated were global
warming potential (GWP), acidification potential (AP), human toxicity potential (HTP) and marine
aquatic ecotoxicity potential (MAETP). The LCA results indicate major hot spots were found to
be fermentation and acidification (downstream) processes. This can be attributed to the greater
usage of chemicals like Ca(OH)2 as a neutraliser and H2SO4 as an acidifying agent in the
fermentation and acidification processes, respectively. The downstream processes contribute to
the greater energy demand in this process due to greater steam and electricity usage during LA
purification along with chemicals usage (H2SO4) in the acidification process. Moreover, the
nutrients associated with the fermentation process are the major contributor towards GWP as the
impact includes the emissions linked to extraction and production of nutrients used in the
processes. This concludes that the environmental performance of scale up biorefinery plant for LA
production at this early stage is unfavourable. This work provides a potential opportunity to
introduce changes at this stage that could focus on enhancing the eco-profile of the future system.
Improvements can be facilitated by employing the following strategies (i) avoiding high chemical
usage - shifting to gypsum free process, (ii) optimising downstream purification process, (iii)
exploring neutralisers in fermentation with lower emissions and (iv) substituting the fossil-based
electricity with renewable energy.
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Abstract
Soil organic carbon (SOC) plays a crucial role in the functioning & sustainability of agroecosystems (Ramesh et al., 2019). Soil organic carbon affects physical, chemical and biological
soil properties and is one of the most widely used indicators of soil quality (Bunemann et al.,
2018, Koch et al., 2013) whereby soil quality improves with increasing SOC content. Yet, the
quantitative relationship between SOC & soil quality indicators are not well understood. The
overall aim of this research is to assess if a quantitative relationship between SOC and soil
quality can be established in Irish soils and in particular if short-term changes in soil quality or
‘dynamic soil quality’ can be determined. A preliminary 12-week laboratory incubation
experiment was conducted to study the decomposition of crop residues in soil. Crop residues
(straw/grass) were added to soils varying in soil clay content and supplemented with different
combinations of inorganic nutrients (N, P and S). The objectives of the experiment were to (i)
investigate if changes in SOC and soil quality indicators occur in response to a single cycle of
crop residue and supplementary nutrients and (ii) if SOC and soil quality changes can be
detected by visible-near infrared (vis-NIR) spectral measurements. Spectral measurements
(350-2500nm) of the soils were made post experiment using an ASD Field Spec
spectroradiometer. Soils were scanned with soil structure intact, and three scans were averaged
per sample. Principal Component Analysis was conducted in the vis-NIR and NIR regions.
Results demonstrated that soil types have a strong masking effect on the crop residue and
inorganic nutrient treatment effect. Spectral signatures for the treatment effects were observed
more clearly in the NIR region compared to vis-NIR region. Further work will examine the
treatment effect on a soil-by-soil basis for soils with soil structure intact and with sample
processing. The effects of soil texture, initial soil C concentration and soil pH will be examined
on the short-term change in soil C and soil quality relationships.
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Abstract
Agricultural by-products and residues have great potential to be used as a feedstock to produce
materials and energy. Avoiding the production of residues and waste in the first place, then
keeping materials in the active materials stream by minimising the amounts going to final
disposal, are the way forward. This study uses Life Cycle Assessment (LCA) and Material Flow
Analysis to evaluate the residual mass flows of an Organic Egg Production System, asking what
could be used as a feedstock for producing value added products such as biofuels, biofertilizers
and value-added chemicals, investigating which technologies are available to facilitate this, and
looking at the environmental and economic implications in adopting these solutions at farm, local,
and regional scale.
Introduction
Sustainable food production and consumption is one of the key drivers to tackle global challenges
such as food security, climate change and natural resource scarcity. The global volume of food
lost or wasted is approximately 1.6 billion tonnes every year (Scialabba et al., 2013) and
landfilling remains the major disposal method in many countries (OECD, 2019). Therefore,
achieving sustainable resource use and ensuring that the flows of materials are managed in an
effective way is critical, not only from an environmental, but also from an economic and social
perspective.
In this context, the (circular) bioeconomy has been proposed to transform the agri-food value
chain model from the linear ‘take – make – consume – dispose’ to an almost closed-loop system
model (Maina et al., 2017). This could be achieved by promoting the cascading use of biomass
and waste streams (Mair and Stern 2017), following a value-added hierarchical utilization of these
residues (Caldeira et al., 2019). Waste prevention is put as the highest priority in the waste
hierarchy. However, prevention is sometimes not economically feasible or can even be
technologically impossible. The next step is optimization (e.g. use as human nutrition), followed
by valorization (e.g. production of monomers and polymers), recycling (e.g. agricultural residues
processed to fertilizer by anaerobic digestion), recovery (e.g. incineration with energy recovery),
and the least desirable option, disposal (e.g. landfilling).
Agricultural and animal residues are increasingly recognised as an import feedstock for the
production of bio-based material and energy, due to various applications and their economic
impact (Forster-Carneiro et al., 2014; Zuin and Ramin, 2018). Currently, there is a range of
solutions to exploit and find value in by-products and waste streams from the agri-food sector,
which vary in cost, material and energy use, the complexity of the processes involved, and the
different emissions and residues produced.
Life cycle thinking is increasingly seen as a key method for ensuring a transition towards more
sustainable production and consumption patterns, and Life Cycle Assessment (LCA) as an
increasingly important tool to measure environmental impacts associated with the product, as well
as for exploring alternative options to extract value from agri-food by-products and waste streams.
The objective of this study was to evaluate the residual mass output flows of an Organic Egg
Production System to identify what could be used as a feedstock for producing value added
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products such as biofuels, biofertilizers and value-added chemicals, which technologies are
available, and the environmental and economic implications.
Materials and Methods
Life Cycle Assessment (LCA)
Life Cycle Assessment, or LCA, is a structured, comprehensive and internationally standardised
method (ISO14040_2006) that allows the evaluation of the potential environmental impacts of a
product, service or process. The LCA looks at the entire life cycle of a product, in this case organic
eggs, including the sourcing of raw materials, cultivation, processing, distribution, consumption
and end-of-life disposal of that product. This study uses the LCA framework to define the system
diagram and system boundaries for the identification of input and output mass flows of the system
(including chemical and physical transformations during processing), and the current destination
of the mass flow when leaving the organic egg production system (sold out, re-used, recycled,
converted, treated or disposed).
Life Cycle Inventory is being conducted to gather primary data from cradle-to-grave of an organic
egg production system. That includes all processes of the value-chain, from maize and soybean
cultivation, through laying hens and egg processing, to consumption and end-of-life disposal.
From these processes, physical measures of the material flows (including water) are being
collected, referent to year 2020 from the company’s records, which are expressed in mass units
of kilograms. Mass flows of fossil fuel have not been included in this study.
Mass (material) Flows Analysis
Material flow or mass flow analysis is one of the most widely accepted tools in the economic and
environmental field. It is a quantitative procedure for determining the flow of materials,
examining the pathways and flux of each material flow within the whole system. Through mass
flow analysis, it is possible to calculate the mass flow balance of the system, which is founded on
the mass conservation principle. Thus, the sum of material inputs into a system equals the sum of
its material outputs.
From the inventory phase, all material flows (inputs and outputs) of the system are quantified
(and qualified), and gaps are identified and filled. Changes in material flows that occur during
internal processes are considered for the calculation of the mass balance, and for estimating
unknown flows (e.g., quantity of poultry litter that is incorporated into the water discharged into
the septic-tank, from the cleaning process of the hens’ barns). Internal recycling flows (e.g.,
poultry litter to field application) are included in this study, since adding a new technology on
farm could be feasible, (e.g., anaerobic digestion from poultry litter feedstock), and the digested
by-product could be applied on land as soil conditioning. Figure 1 shows the system diagram of
the organic egg production process and the materials and water that flow in and out of the system.
Literature review of technologies
Having considered the mass of material coming out of the system (from mass flow to balance),
and its composition and quantity, the next step is to identify which technologies are currently
available could be applied to transform by-products and residues from the organic egg production
system into a new product or source of energy. LCA, Life Cycle Cost (LCC) and social LCA
peer-reviewed articles are the main sources of information, however we have not limited
ourselves just to them.
Results and Discussion
By combining LCA and Mass Flow Analysis of the organic egg production system, this study
expects to identify and evaluate all by-products and waste streams of the system, and to consider
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their onward chemical and material potential uses, as well as their potential uses as a source of
energy. This evaluation will include:
● assessing resource conservation.
● resource productivity.
● identification of valorisation routes (technologies and innovations) for downstream
processing that could be applied on farm and the solutions recommended for regional
scale (e.g. biorefinery).
● assessing the economic and environmental benefits of applying these technologies and
the drawbacks.
● identifying alternative farm practices and establishing links to new sectors and
businesses (e.g. co-products).
● using this study outcomes to define alternative scenarios to be modelled in the LCA.
Figure 1 below shows the organic egg production diagram, system boundary and the material
flows entering and exiting from the system. Residues and poultry litter, from the grain processing
and husbandry facilities respectively, are recycled back into the system. The end-of-life of the
poultry carcass is incineration and occurs on farm, as well as water discharge from the egg
processing. The rest of the mass flows leave the system to be treated (wastewater and waste
lubricant oil), recycled (cardboard and plastic material) or composted (broken eggs, ashes from
incineration, residues from the feed manufacturing). Carcass yield of spent laying hens are
currently used as a feedstock for animal feed production.

Figure 1. System Diagram of the organic egg production system.
Conclusions
Important reductions in material, residues and water usage could be achieved through
improvement of the existing organic egg production system. In addition, the adoption of new
technologies and processing methods, could increase circularity and recycling along the food
chain (from cultivation to distribution), and consequently increase the farm’s competitiveness
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by reducing costs, while providing a positive impact for the environment. On the farm level,
diversifying farm practice and partnerships could link the business to new sectors and the
possibility of co-production.
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FERTILISER POTENTIAL OF ANAEROBIC DIGESTATE IN
IRELAND
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Abstract
Anaerobic digestion for biogas production produces a by-product known as digestate. This is a high
value nutrient-rich substance that contains more available nitrogen than most organic materials used as
biofertilisers or soil amendments. This study explores the legislative controls currently in place for the
application of digestate to land in both Ireland and the EU. A template for an Irish standard for land
spreading of digestate will be produced with a focus on the nutrient composition and nutrient availability
of digestates produced from different feedstocks. A meta-analysis will inform the variability of nutrient
composition in digestate from farm and commercial anaerobic digestion plants and a cost-benefit
analysis will estimate the fertiliser replacement value for straight N, NPK and other products.
Suggestions for optimisation of feedstock to produce digestates with target nutrient content will be
made to enable the development of a biofertilizer market.
Introduction
Anaerobic digestion is a biological process that converts organic matter into biogas and is suitable for
the industrial scale (Atelge et al., 2018) with dual benefits of bioenergy production and waste
management (Bhatt and Tao, 2020). The residual waste stream from the anaerobic digestion process is
the digestate, a nutrient-rich substance containing left over indigestible material and dead microorganisms (Nkoa, 2014). Digestate can be utilised as an agricultural fertiliser either on its own or
complemented with mineral fertiliser to produce a balanced fertiliser product, depending on its nutrient
composition. Nutrient composition of digestate depends on the feedstock used and the configuration of
the digester (Provenzano et al., 2011). A wide range of feedstock and combinations of feedstock used
include livestock manures, grass and agricultural residues in farm-scale anaerobic digestion plants and
sewage sludge, food processing wastes, food wastes and landscape wastes in commercial-scale
anaerobic digestion plants. Processing of the digestate on-site reduces the water content for transport.
The whole digestate (~23% dry matter) is separated into a solid fraction and liquid fraction with typical
dry matter contents of 42 and 35% (Ehman et al., 2018). Altering the dry matter further alters the
nutrient composition and availability.
The large-scale deployment of anaerobic digestion in Ireland presents as part of the solution for
decarbonisation of agriculture and the waste sectors. Renewable gas entered Ireland’s first purposebuilt injection facility in 2019. The potential size of the anaerobic digestion industry in Ireland by the
year 2030 based utilisation of three feedstock streams (municipal solid waste and food waste (brown
bin waste), slurries/manures and grass) is estimated to be approximately 4 billion m3 biogas/annum, or
79,000 Tj energy (NovaEnergo, 2016). The aim of this study is to investigate the potential value of
digestate produced for use in Irish agriculture.
The objectives are to (i) review best practices on the use of digestates as fertiliser, (ii) quantify the
nutrient composition of digestate from farm-scale and commercial-scale anaerobic digestion
plants and (iii) calculate the fertiliser value of these digestates.
Materials and Methods
Legislative review
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A review on the existing legislation and best practice for land spreading digestate on agricultural soils
will be reviewed for Ireland and the European Union (i.e. European Regulation, 2009). Currently no
national digestate quality standard exists in Ireland. This review will summarise the components to be
included in a future Irish standard for land spreading digestate.
Meta-analysis
A meta-analysis will collate nutrient data on digestate fractions from both farm and commercial scale
anaerobic plants. The parameters under study are plant available forms of the major elements N, P, K,
S, Mg and Ca; NH4+-N, NO3--N, H2PO4-, K+, SO42-, Mg2+ and Ca2+ where possible. The total carbon
content will be recorded to determine the C:N ratio. Literature reviewed will be based on selected
publications returned using the following search terms in Web of Science; digestate, nutrients, fertiliser
value, nitrogen, phosphorus and potassium.
Cost-benefit analysis
The cost of the most used mineral fertilisers in Ireland will be reviewed in the context of nutrient cost
and availability. The nutrient composition of the digestate fractions will be compared to commercial
mineral fertilizer products in widespread use to calculate the fertilizer replacement value. Suggestions
for digestate use as single fertilizers or for use in combination with mineral fertilizer will be made for
digestate produced at farm and commercial scale plants.
Results and Discussion
Preliminary review of the literature demonstrated a wide combination of feedstock inputs and variability
in digestate N, P and K content (Table 1) with commercial digestate containing a higher NH4-N content
compared to farm digestate (3.4 v’s 2.0 kg NH4-N m-3). The nutrient profiles and nutrient availability
of digestates are not extensively reported in the literature reflecting the recent attention of digestate
reuse for land spreading in industry and the extent of legislative controls.
Nutrients remaining in the digestate, as decomposed biomass and microbial necromass should in theory
closely resemble the nutrient composition of the feedstock intake, as biogas (methane CH4) does not
contain N, P or K. The widespread use of feedstock combinations used in farm and commercial plants
often result in unknown nutrient inputs but could be optimised to produce digestates with targeted
nutrient content to reduce the requirement for supplementary mineral fertiliser in the digestate-fertiliser
product.
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Table 1. Typical NPK values for digestate from farm-scale and commercial-scale biogas plants and
their fertiliser replacement values. Data from Ehman et al., 2018, Fuchs & Dros, 2010 and Wrap, 2016.
Conclusions
Re-use of anaerobic digestate as agricultural fertiliser supports a more sustainable resource efficient
economy. Review of the cost-benefit analysis of digestate from farm and commercial plants will
determine the potential use of digestates in Irish agriculture, including options to reduce fertiliser
supplementation to produce a market for biofertilizer products.
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Abstract
Assessing the sustainability of the bioeconomy is a key goal of the European Union’s bioeconomy
action plan. LCA methodologies are sustainability assessments which consider the entire life cycle of a
product, process, or system. In LCA, the three pillars of environmental, economic, and social
sustainability are represented through e-LCA, LCC and s-LCA, respectively. This review will first
discuss sustainability challenges and solutions within the bioeconomy, focusing on bioresources and
biotechnology via AD and biorefinery systems. The review will then discuss sustainability assessments
through LCA methodologies. The results confirm the importance of understanding sustainability as a
multi-dimensional concept.
Introduction
The bioeconomy can be defined as activities within the global economy which involve the supply and
demand of bio-based products, from bioenergy and biofuels to food and feed to bio-based chemicals
and fertilisers. Due to drivers such as global population growth, economic development, and consumer
preferences (Kardung et al., 2021), demand for food, feed, biofuels, and bio-based products can be
expected to increase (Organization for Economic Co-operation and Development [OECD], 2020).
Initiatives which aim to reduce reliance on fossil fuels by replacing fossil products with bio-based
alternatives (European Commission, 2018) will further increase demand for biomass feedstocks.
One well-known bio-technology employed within the bioeconomy is anaerobic digestion (AD), which
converts bio-based feedstocks to methane-rich biogas and nutrient-rich digestate (European Biogas
Association [EBA], 2020). Existing AD technologies can also be integrated with novel biorefinery
systems, which integrates biomass conversion processes to produce fuels, energy, and high-value
chemical products (Poveda Giraldo et al., 2017).
Whether through novel biorefinery systems or more established pathways, it is necessary to understand
and evaluate the sustainability of novel products, processes, or projects within the bioeconomy.
Ensuring a sustainable bioeconomy is a key goal of the European Union (EU), as highlighted in their
Bioeconomy Strategy action plan (European Commission, 2018). Sustainability is often considered to
include the three “pillars” of environmental, social, and economic sustainability (Purvis, Mao, and
Robinson, 2018), which are assessed through different metrics. Due to the wide range of processes and
supply chains which are encompassed by the bioeconomy, it is important to consider the full life cycles
of bio-based products when assessing sustainability. Considering the full life cycle of a product is
referred to as Life Cycle Thinking (LCT) and an assessment which implements LCT is referred to as a
Life Cycle Assessment (LCA) (UN Environmental Programme [UNEP], 2012). The most well-known
application of life cycle thinking is through environmental LCA (e-LCA), which assesses the
environmental impacts of a product, process, or system (European Commission, 2010). Methods for
assessing social and economic impacts of a life cycle also exist, via social LCA (s-LCA) or life cycle
costing (LCC) (UNEP, 2009; Estevan and Schaefer, 2017).
The objectives of this review are to 1) identify the historical challenges to achieving a sustainable
bioeconomy 2) discuss the bioresources and biotechnologies that enable the sustainable future of
the bioeconomy and 3) understand the methods in which sustainability is currently measured.
Materials and Methods
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The literature review first explored recent literature which discussed the bioeconomy and sustainability
issues in a broader context. The challenges and solutions for developing a sustainable bioeconomy were
then discussed. Next, the review reflected on research using sustainability assessment methodologies to
assess novel AD and biorefinery systems. Finally, a review of research using LCA methodologies was
performed.
Results and Discussion
Sustainability in the bioeconomy: challenges and solutions
The sustainability of the bioeconomy is not inherent. Producing food for the global population requires
significant land and freshwater resources, and unsustainable practices affect the ecological health of the
planet through deforestation and intensive agriculture (European Commission, 2020). Consumption
patterns in one region can lead to adverse land use changes in another, such as the conversion of
biodiverse virgin forests to agricultural land in Brazil, Indonesia and Cote d’Ivoire, due to European
demand for soy, palm oil and cocoa (van der Ven et al., 2018). Increasing demand for biofuels and
bioenergy could further strain resources through the replacement of food crops with non-food crop
cultivation (Issa et al., 2019).
Fears that land used for producing energy crops directly competes with land needed for food production
is referred to as the food vs. fuel debate (Thompson, 2012), and reduces the social acceptance of biobased products and energy. To combat these issues, the development of new biomass supply chains for
bio-based fuels and products is needed. This can be seen in the bioeconomy action plan, which cites
opportunities for the bioeconomy in the development of new bio-based value chains (European
Commission, 2018). New feedstocks should either minimize land use or not compete with food crops.
Thus for biofuels, attention has increasingly been shifted from first-generation feedstocks such as corn
or rapeseed to second and third generation feedstocks, which are non-food crops such as lignocellulosic
feedstocks, engineered crops, wastes, and marine-based feedstocks (Ögmundarson et al., 2020). Fastgrowing lignocellulosic feedstocks such as perennial grasses are already cultivated widely for animal
feed but show great potential in producing a wide range of products, from bioenergy to industrial
chemicals (Kromus et al., 2004). Marine-based feedstocks do not use land at all and can actively
contribute to a sustainable bioeconomy (Costa et al., 2019). Cultivation of feedstocks such as
macroalgae leads to the additional ecological benefits of blue carbon sequestration (Murphy et al.,
2013).
Another method for improving the sustainability of the bioeconomy is through innovation and
advancement of biotechnological conversion processes. AD systems have widespread adoption in the
EU (EBA, 2020), and merits to AD systems producing bioenergy are established. Capturing and
combusting biomethane through AD is preferred to the aerobic decomposition of biomass (EBA, 2020).
Thus, from a waste management perspective, AD systems are incredibly beneficial. Nonetheless, key
issues have been discussed. Biogas can either be combusted to produce electricity and heat or upgraded
to liquid or compressed gas biomethane for replacement of fossil-based methane, where combustion
releases the same emissions as combusting fossil methane (Bowman and Woroniecka, 2020). Though
biomass feedstocks are often viewed as carbon neutral due to the fact that carbon is sequestered during
the growing of the biomass feedstock (Shen, Kommalapati, and Huque, 2015), life cycle processes and
losses increase the environmental footprint before its final use (Haberl et al., 2012). For these reasons,
Bowman and Woroniecka (2020) argue that there is little environmental, social, and economic incentive
for producing electricity from biomass resources. Furthermore, due to the increasing low-cost supply
of zero emission renewable energy technologies such as solar PV and wind turbines, electrification of
transport and heating should be prioritized over biomethane production.
Despite the challenges, there is room for improvement in AD systems design. Returning the nutrientrich digestate to farmlands increases both sustainability and circularity within the bioeconomy
(Alburquerque et al., 2012). Also, by incorporating carbon capture and sequestration (CCS)
technologies, biogas produced by anaerobic digestion (AD) is one of the best ways to achieve a carbonnegative system (Budzianowski, 2011). One of the best ways to improve AD systems is by integrating
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biorefinery concepts. The biorefinery concept uses a cascading and circular approach to produce
multiple products from one or more biomass feedstocks, enabling high reuse of water, nutrient and
energy within one integrated production system (Costa et al., 2019). Biorefineries are the counterpart
to fossil refineries and can produce products such as high-value chemicals which can compete with
fossil-derived counterparts, reducing both greenhouse gas emissions and fossil fuel dependence (Adom
et al., 2014). Both AD and biorefinery systems can be implemented in rural communities, increasing
development in rural regions improving social sustainability (Kromus et al., 2004).
Sustainability assessment methodologies and LCA
The literature review clearly indicated that environmental, social and economic studies concerning
anaerobic digestion/biogas were far more popular than studies concerning biorefineries. This is in line
with previous understanding of AD as an established biotechnology (EBA, 2020), whereas biorefinery
technologies tend to be at lower technological readiness levels (Ögmundarson et al., 2020). When
searching the literature for LCA studies, environmental assessments were clearly dominant. However,
an interesting result was the relatively high number of studies discussing social LCAs. This is
contradictory to research which states that consideration of social aspects in studies on the bioeconomy
transition are lacking (Poveda Giraldo et al., 2020). Another interesting result was the relatively low
popularity of LCC, despite the common use of economic assessments in bioeconomy projects. In the
few cases that LCCs were performed, they were found in studies which also performed e-LCAs (Pergola
et al., 2018). It is therefore clear that life cycle thinking is less popular in economic assessment than it
is in environmental and social assessments and is generally only applied in tandem with e-LCA.
Conclusions
The sustainability of a bio-based product with the European bioeconomy is not guaranteed but can be
achieved in several ways. Innovation in bioresource cultivation and supply chains can assure that biobased products and energy do not compete with food systems. Innovation in biotechnology can utilise
the biorefinery concept, integrating existing biotechnologies with new value chains and processing
pathways. Supply-based solutions can increase productivity, reduce finite resource use, minimise
emissions to the air, water and soil, rethink waste, and provide viable alternatives to fossil-based
products. While the review confirmed that environmental life cycle assessments of the bioeconomy,
AD/biogas and biorefinery systems were more common than economic and social assessments, it was
demonstrated that social aspects were addressed more often through s-LCA than economic aspects
through LCC. Thus, this review emphasises the importance of sustainability in the developing
bioeconomy and highlights the disparity of research in assessing all dimensions of sustainability
considering a life cycle perspective.
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Abstract
Over 50 countries are currently transitioning to a bioeconomy and the social consequences of
this transition are not yet clear or understood (Sanz-Hernández et al 2019). Notably, there is an
emergent need to address how replacing fossil carbon with bio-based feedstock will affect
stakeholders and to identify the social hotspots of this transition. Social Life Cycle Assessment
(S-LCA) can be used in the context of bioeconomy to evaluate, quantify, and report the social
performance of its initiatives. This research aims to define and test a method for identifying
and weighting social impact subcategories to develop a standard bioeconomy-specific S-LCA
framework.
The selection of social impact subcategories was based on the ‘Methodological Sheets for
Subcategories in Social Life Cycle Assessment’ (UNEP/SETAC, 2013) due to its careful
construction, its intention to minimizing bias and subjectivity, and its connections to the
seventeen SDGs. To weigh the relevance of each subcategory the data collection was based on
experts’ opinions collected using the Delphi method. To ensure the representativeness of the
research, the expert panel was composed of different stakeholders’ groups from various sectors
of the bioeconomy in different countries. Questionnaires were designed and tested in both
English and Portuguese and sent to different respondents (workers, researchers, suppliers,
entrepreneurs) in Europe and Brazil. Each impact subcategory was presented, explained and
the experts’ panel was asked to score its significance in the context of their field of work and/or
expertise using a 7-point Likert scale (with 1 being not significant at all, 7 being extremely
significant and 4 indicating no opinion).
The following statistical analysis were conducted using SPSS (Version 20): Cronbach’s alpha
test for reliability of the data, Relative Importance Index (RII) to rank the significance of each
impact subcategory and Kruskal-Wallis test to determine if the perception of each subcategory
differs between European and Brazilian experts and according to each stakeholder groups. To
date, 136 questionnaires have been sent to 82 experts from Europe and 54 experts from Brazil,
up to this point, 23 experts from Europe and 29 from Brazil have responded. The valid response
rate was 38% (52 respondents). The sector of science and research represent the majority of
respondents (56%), while public authority/government employee (8%), industry (13%) and
NGOs and social movements (10%), producer/worker (4%), and Other (10%). The Cronbach’s
coefficient computed for the initial data was 0.938, indicating that the data are acceptable for
further analysis. The preliminary results have shown some differences in the priority of impact
relevance for European and Brazilian experts using the Kruskal-Wallis test. Of the 31
subcategories, access to natural resources and local infrastructure, fair competition, and public
commitment to sustainability issues (0.894) ranked the highest RII in the European experts’
questionnaires, followed by transparency (0.888) and equal opportunities (0.882). For the
Brazilian experts’ panel, the subcategories presenting the highest RII were forced labor (0.975),
respect of indigenous rights (0.966), and transparency (0.951). The sample of each stakeholder
group is not yet sufficiently large to enable the Kruskal-Wallis test. The results of this research
will be used to determine the fuzzy rules to construct a reproducible social impact assessment
method (S-LCIA) and represent a valuable contribution to understanding socially sustainable
transition to a bioeconomy.
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Appendix A
Award winners for excellence in Research Presentation 2021

TM 2021 Singh Subhangi
Session: Environmental technology/modelling/risk assessment 1
Ammonia Emissions from Intensive Poultry Houses

TM 2021 Roseyln Nyao
Session: Food Engineering 2
Quantitative risk assessment of arsenic in potatoes, carrots, and lettuce

TM 2021 Qinge MA
Session: Food Engineering 2
Quantitative microbial risk assessment of pathogens likely to be present in the anaerobic digestate

TM 2021 Al Abri Tartil
Session: Environmental technology/modelling/risk assessment 1
The techno-economic assessment of microalgae cultivation to treat anaerobic digestion by-product
waste

Senior PhD 2021 Xiaohui Lin
Session: Imaging/Risk Assesment/Traceability
Effect of dielectric properties and microstructure on drying feature differences between mushroom
stipes and stems during microwave-vacuum drying

Senior PhD 2021 Lei Tong
Session: Food Engineering 2
A Terahertz time-domain imaging super-resolution method for agricultural products: localpixel graph neural network

Senior PhD 2021 Denis O’Sullivan
Session: Pre-recorded
Next generation plasma medicine tool for the deposition of biomolecules and pharmaceuticals

230

Senior PhD 2021 Anastasia Falkovskaya
Session: Imaging/Risk Assesment/Traceability
Comparison of portable visible spectral imaging (443 – 726 nm) and conventional RGB imaging for
detecting poultry products stored beyond “use-by” date

ME 2021 Wang Xi
Session: Biosystems
Risk Assessment of Pathogens in Grilling Meats

Junior PhD 2021 Zhu Xianglu
Session: Food Engineering 2
Investigation of the impacts of ultrasound and microwave assisted blanching on the physiochemical
properties of Irish brown seaweed Alaria esculenta

Junior PhD 2021 Wang Xiyao
Session: Imaging/Risk Assesment/Traceability
A risk assessment of marine biotoxins in Irish produced shellfish

Junior PhD 2021 Lea Braud
Session: LCA/Sustainable Agriculture & Soil Resources
Life Cycle Assessment of a novel algal biorefinery

Junior PhD 2021 Ciaran Monaghan
Session: Environmental technology/modelling/risk assessment 1
Risk ranking of antimicrobial sources entering surface waters by sector
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