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onitoring mushroom temperature in the chill chain 

.!R.Gonnley 
'agasc, The National Food Centre, Castleknock, Dublin, Ireland 
" 

' 

Monitoring mushroom temperature in the chill chain is a major component of the 
comprehensive quality assurance programmes operated by the Irish mushroom industry. Tests 
with-recording temperature probes have identified weak links in the chill chain at farm, 
ackhouse and transport level. The pinpointing of these deficiencies and the testing of 
· cooling performance of the various systems used ha~ enabled codes of practice to be 

_,wn·up which ensure the correct operation of the chill chain for Irish mushrooms. 

/ 
/,..,_RE_suMt : En Irlande, le contrOle de la qualite des champignon_s- sur une chalne de 

i'efroidissement est principalement assure par une mes_ure de la temperature. Des tests 
·.;:; rea.l~_se a la fer.me, que durant le transport ou de c·ontitionnement. L'etude de ces 

iilsuffisances -ainsi que celle des diff_erents systemes de refroidissemances nous ont permis 
de -d~f:i.nl.r un mode operat.oir garantis_sant ~n fonctionnement correct de la ch9.ine du froid 
des champignons . 

l 
it 
~ 

ZUSAffli~NFASS_UNG: Die· Oberwachung der Champignontemperatur in der Kiihlkette -ist ein 
,_wichtil;er Best_andte'il des wnfassenden Programmes zur Qualitat:ssicherung,_ das VOn der 
iriSchen __ cha_mJ)igrioriindustrie durchgefiihrt wird. Bei Versuchen mit Proben mit 
Terr:i,p.eratur&ufzeichnung sind schwache Bindeglieder in der Kiihlkette zwischen den 
Etz:·eU.ger}letrieben. dem_-Transport und dem Verpackungsunternehmen festges-tellt worden. Das 
Atif.zeigen vori Schwa"chstellen Und die Kontrolle der purchfiihrung der verschiedenen 
a~g~wandten Kiihlsysteme haben for die Praxis das Erstellen von Regeln ermOglicht, die die 

.·.)li±'ks~mke'i t de'r Ktihlkette fiir i·rische Cbampignon garantieren. 

f 1 INTRODUCTION 

·~. ··-·" . 
~f.. _ -Fr~~h_ --~uShroomS are highly pe-rishable and 

. a". c.--;; --... •.· · .. " •... ····it··.·.·.··.~.·n._ e_·s.·s. 1··. ~.· . an .·.ssent. i~.l requireni.e.nt . of - - :.;. ,:;.ma·rket--place .. Exp.arts of fresh Irish 
·-;:C"'l. ·u·~hi:Odm~ to the UK are considerable (ea 
·. · ·_3d:i'--9Do 'tonne~ valued at -ea IR_(34 milli9n in 

:'1::9_~0) Wi:th ._a- lot of the product going to 
· ·th~ -_high -qua:~i-ty end of the market. Much 
-. -~:!: -:~-ll:~_s Pr~duCt_ion is · grown using the 
,s·at,~ili;te~'system with .a. large number of 
·:s.~a;l"l -gro_wers feeding through seven majot 
'J>:~Ckho'uses, The overall- system, therefore, 
requires care·ful coordination and this 
includes -the chill chain for the product. 

·obviously it is highly desirable that the 
chill chain for produce, including, 
.mushrooms, - be comple-te and the forging of 
links in ·the chill chain have been 
described by Dennis {1984). 
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The importance of chilling for-
roaintaining whiteness and quality in 
mushrooms has been_ highlighted frequently 
in the past {Gormley 1975, Murr and Morris 
1975, van Heemst 1985) as have systems for 
the commercial cooling of mushrooms 
including ice bank (Bartlett and Farthing 
1985;-_ Noble and Baitlett 1986) and vacuun:i 
coolers (Noble 1985; Burton, Frost and 
Atkey 1987), 

The current study -gives results -from 
-tests on the monitoring of mushroom 
temperature (under commercial o.perat:ing 
conditions) at all stages of the chill 
chain. The test:s were car.ri~d out on 

.commercial consignments of mushrooms 
during routine post harvest handling and 
transport at a number of mushroom 



packhouses over a period of two years. 
These tests represent a component of 
ongoing quality assurance programmes. 

Many of the data highlight the 
difficulties encountered and the weak links 
in maintaining a complete chill chain, It 
is felt more appropriate to present these 
rather than the much more extensive data 
showing a totally in-control temperature 
situation. 

2 TESTS AND PROCEDURES 

'On the spot' temperature measurements were 
made with a hand-held battery operated LCD 
portable Digi-Thermo temperature probe, 
The probe was inserted (10-15 mm 
penetration) into mushrooms and the-values 
recorded when the readings stabilised (ea 
5-10 sees). 

Continuous temperature monitoring was 
carried out with Grant Squirrel temperature 
dataloggers (type SQB - 4U). each fitted 
with four probes and cables which were 2m 
long. Each probe -was llcm in length and 
Smm in diameter and 4-5 mushrooms 
(depending on size) were assembled 'kebab 
style' on each. The 'kebab' Was then 
buried in the tray of mushrooms where 
measurements were required. The data 
loggers were normally programmed to record 
temperature every 5 minutes and.the results 
were outputted via an Epson "computer both 
as time-temperature profiles and as 
individual readings over time. The term 
'trays of mushrooms' in this paper ~efers 
to blue plastic 5 lb (2.270kg) trays. 

Details of selected tests {sets 1- to 5) 
{from the very large number carried out 
over a 5-year period) are given below and 
these were on mushrooms going through the 
normal commercial systems operating at the 
farms/packhouses. 

- -2.1 Set 1 : .Chilling at the g·rowers' 
premises 

Spot checks were made on 12 trays of 
mushrooms at each of 13 grower premises at 
time of collection by refrigerated trucks. 
Each satellite grower has a small walk-in 
chill room and the purpose of the test was 
to establish the degree of post-harvest 
cooling on-farm .. 

2·.2 Set 2 : Mushroom temperature on 
arrival at a cent:ral packhouse 

These spot checks were made on trays of 
mushrooms on arrival (by ·:refrigerated 
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collection truck) at one of the central 
packhouses and the samples were NOT those 
used in test 1. Four trays were checked 
from each of ~6 growers over a three day 
period and the results showed t~e combined 
e·ffects of cooling on-farm and in the 
refrigerated collection trucks. 

2.3 Set 3 : Mushroom temperature at time 
of loading for transit to the UK 

The temperature of mushrooms in 4 trays in 
each of 55 pallets (ea 120 trays/pallet) 
were tested ex-packhouse at time of 
loading onto 40 foot refrigerated trucks 
which were taking the product from Ireland 
to the UK. These tests took place at 
different packhouses on four diffe:t:'ent 
days and were to assess degree of chilling 
ex-packhous.es. 

2". 4 Set 4 : Mushroom tempera tu-re 
monito:ring in the chill chain 

Sixteen probes were inserted at growers' 
premises and the temperature of the 
mushrooms was monitored through the chill 
chain to the point where pallets were off
loaded from the refrigerated trucks in the 
UK, i.e. it was not pos-sible to follow the 
samples all the way to the · ~upermarket, 
Two of these tests (one -farm using a 
vacuum cooler.and one a moist air cooler) 
are reported below. 

The results from a third -test on the 
transport of mushrooms to the UK, i.e. the 
stage of the journey from the Irish 
packhouse to the UK pallet drop-point, are 
also repor·ted. 

-2.'S Set 5 : Cooling per'formance of a 
moist air cooler 

The cooling·rate for trays of mushrooms on 
a pallet and also the effects of different 
bays and pallet positions on mushroom 
cooling ra·te was evaluated ·for a 4-bay 
moist air (not an ice bank) cooler. 
Details of tray positions within pallets 
a~e shown in Fig 1. 

3 RESULTS AND DISCUSSION 

The ~esul~s for the five sets of tests a~e 
presented under the various headings 
below. 



3.1 Set 1 : Chilling a~ the growers' 
premises 

The results (Table 1) show that only 
growers 5, 8, 12 and 13 had well chilled 
mushrooms on the day of the test. 
Obviously a temperature close to 2°C and a 
small standard deviation (less than 0.75) 
are desirable. The data for growers 3, 4 
and 9 (Table 1) show a wide variation with 
some trays well cooled (cooled overnight) 
and others (obviously recently picked) 
close to the picking temperature of ea 
18°C. All grower 2 trays were close to the 
picking temperature while trays fr9m 
growers 1 and 10 had a uniform temperature 
but were not adequately cooled. 

Table 1. Mean temperatures for 12 trays of 
mushrooms from each of 13 growers at time 

('.\)of collection by a refrigerated truck 

I • 

Grower 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

Mean temperature 
("C) 

11. l 
16.8 

6.3 
6.8 
3.1 
6.5 
5.0 
3.1 
6.9 

10.5 
9.7 
3.9 
3.8 

Standard 
deviation 

2.6 
1.2 
6.7 
6.0 
0. 7 
0.5 
2.3 
0.3 
6.1 
1.1 
4.0 
0.5 
0.5 

On the basis of these data the growers 
were instructed on the importance of 

/·:~ .. scheduling picking in· order to ensure that 
'\.. . }inushroom temperature is well reduced at 
r-··-'0,/ time of collection. This is necessary as 
'( ) the length of time for cooling trays post· 

· assembly in the packhouses is sometimes 
limited due to pr~ssure to ship product in 
order to fulfil a particular order. 
Previous t.ests· indicated that most grower 
chill rooms were operating satisfactorily 
and inadequate cooling was a time related 
rather than a temperature factor. 

3.2 Set ·2··: Mushroom temperature on 
arrival at a central packhouse 

-These data are presented to show the 
combined effects of chilling on·farm and 

Table 2. Mean temperature of incoming 
trays of mushrooms to a central packhouse 
on three different days (4 trays 
tested/grower). 

Mean 
temperature 

Date ("C) 
Standard 
deviation 

No. of 
trays 

5 Feb 
10 Nov 
13 Nov 

9.2 
10.8 

8.8 

2.1 
3.3 
2.4 

68 
88 

108 

chilling in the collection trucks. The 
results (on the days shown) (Table 2) 
support those in Table 1 in that there was 
a wide variation in mushroom temperature 
from tray to tray as shown by the standard 
deviations with many trays inadequately 
cooled. Obviously this is not a problem if 
a vacuum cooler is being used but is of 
significance when using moist air coolers 
which take about_ 2 hours, under the best 
operating conditions, to lower the 
mushroom temperature below 5°C. Based on 
these data packhouse staff have been 
instructed that overnight cooling (when 
using moist air coolers) may be necessary 
to effect adequate cooling when incoming 
(to the packhouse) mushroom temperatures 
are so variable. Such 'overnighting' is 
often not feasible in times of high demand 
and for this reason every effort is now 
made to effect more cool-ing on-farm and in 
the collection trucks. 
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3.3 Set 3 : Mushroom temperature at time 
of loading for transit to the UK 

These test data ref er to mushroom 
temperatures ex-packhouse (i.e. after 
moist air cooling) at time of loading of 
product onto refrigerated trucks for 
transport to the UK. The trials reported 
here involved Spot checks on four 
occasions (in different packhouses) 
involving a total of 4 trays from each of 
55 pallets or 220 trays in all. The last 
test (13 Nov., Table 3) shows a close to 
ideal situation with a mean of 3.3°C and a 
standard deviation of 1.1; this indicates 
ea 56/84 trays with temperatures in the 
range 2.2 to 4.·4"C, 14/84 less than 2.2°C 
and 14/84 greater than 4.4°C. There was a 
wide variation on 24 Oct (Table 3) with 
some -of trays very well cooled and ea 
10/60 with temperatures in excess of 
11. 6°C. Investigations revealed that the 
13 Nov. batch was cooled ov.ernight whereas 



Table 3. Mean temperature of mushrooms ex
packhouses at time of loading onto 
refrigerated trucks for transport to the 
UK 

Mean 
temperature Standard No. of 

Date •c deviation trays 

14 Oct 
24 Oct 
10 Nov 
13 Nov 

9.7 
6.6 
9.5 
3.3 

2.5 
5.0 
4.2 
1.1 

40 
60 
36 
84 

on the other three occasions cooled pallets 
were shipped with relatively recently 
assembled pallets in ·order to fulfil 
customer demand. Revised harvesting and 
cooling schedules have been established 
based on these results and the myth, that 
significant further cooling can be achieved 
during transit in a loaded 40 foot 
articulated truck, has been dispelled. 

3.4 Set 4 : Mushroom temperature 
monitoring in the chill chain 

Sixteen recording probes were used in the 
first test and the 16 trays were sent 
through the chill chain as part of a 
commercial consigriment as shown in Table 4. 
Relatively similar data were obtained ~or 
each tray and.so the results presented are 
for a typical probe reading. The results 
(Table 4) show a reasonably satisfactory 
situation with chill product temperatures 
prevailing, throughout the chain with the 
exception of the ex-farm value. The 
mushrooms cooled by 7"G in the collection 
truck and their temperature fell another 
4. s•c in the moist air cooler; this was a 
rather small temperature drop for a 3 hr 
cooling period. The cooled consigriment was 
held at- a steady 3 :6°C (standard deviation 
0.1) for 22 hr in the packhouse chill store 
and was then dispatched on a 40 foot truck 
to the UK. This journey took 31 hr and the 
mean temperature for this part of the chain 
was 3.s•c (standard deviation 0.4). The 
mean air temperatures prevailing in the 
collection and dist~ibution trt.icks were 2. 5 
and 3 .3"C respectively while the outside 
ambient air temperature at time of 
collection ex-£arm.was l8°C. 

In a- second test eight recording 
temperature probes were used and were 
inserted in six. trays of mushrooms on-farm. 
The t~ays were palletised in the top row 
of the pallets (3 test trays in each) and 

were then vacuum cooled prior to shipping 
to the UK (see schedule, Table 5). The 

Table 4. Mushroom temperature in trays in 
different parts of the chill chain - test 
1. 

Point in the 
chill chain: 

Temperature 
("C) 

Ex-farm 15.2 
On ar~i.val at 

packhouse 8.0 
After palletising 8.1 
After MA cooling 3. 6 
Ex-packhouse 3.6 
UK destination 4. 6 

1moist air cooler 

Time 
(Cumulative 

hours) 

0 

3 
4 
7 

29 
60 

eight probes showed similar .recorded 
values and typical values are presented in 
'fable 5, The chill chain was satisfactory 
except for -the last leg where the air 
temperature in the distribution truck was 
9"C; this shows the necessity for frequent 
temperature monitoring in all parts of the 
chill chain: The data (Table 5) show 
significant on-farm cooling and a small 
amount of additional cooling in the one 
hour journey in a collection truck. 

Table 5. Mushroom temperature in trays 'in 
different parts of t.he chill chain - test 
2 

Point in the 
chill chain: 

Temperature 
('C) 

Time 
(Cumulative 

hours) 
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At picking 20.4 0 
Ex--farm 14.4 3 
On a~rival at 

packhouse 12.8 4 
After palletising 13.2 s 
After vac. cooling 2.4 5.5 
Ex-packhouse 3.2 7 .5 
UK destination 9.2 17.5 

The thLrd test was on the -transport link 
(to the UK) of the chill chain. Recording·;--~ 
probes were placed in 9 trays and these·-::_ 
were palletised in three pallets of 12.Q-, 
-trays each (3 t·rays with probes/pallet}!;' 



prior to moist air cooling. The three test 
pallets were pallets l, 4 and 10 (front to 
back) in two rows of 10 pallets in the 
truck with the rear test pallet (no. 10) 
being off-loaded at drop point l, test 
pallet 4 at drop 2 and pallet 1 at drop 3. 
The data (Table 6) show that the pallet in 
the middle of the truck had mushrooms with 
the highest temperature and suggests that 
cold air circulation was less good in the 
middle section of the truck. 

The Ireland-UK journey part of the three 
chill chain tests described above each took 
place via different ferryports, i.e. 
Dublin, Rosslare and Larne. 

Table 6, Mean mushroom temperatures in 
pallets during road/ferryboat transport1 to 

__ the UK. 

()------
'-'Journey time 

(hr) to UK 
Mean Standard 

temperature deviation 
( 'C) 

6.5 (pallet 
drop 1) 4.2 0.8 

12.5 (pallet 
drop 2) 5.3 0.8 

15.0 (pallet 
drop 3) 4.5 0. 9 

1air temperature in truck s·c 

3. 5 Set 5 : Cooling pe_rformance of 
mushrooms in a moist air _cooler 

In the first -test 16 recording temperature 
probes were placed in mushrooms in 16 trays 
(l probe/tray) in a pallet with trays 
stacked 10 high with a total of -140 trays. 
A plan diagram of the pallet_ is shown in 

·(<'\tg 1 with the R numbers indicating the 
· - hsition of the test trays in the pallet, 

"i.. e. Rl "' bottom row and RlO the top -row. 
The results show reasonably uniform cooling 
across the pallet with the exception of the 
right hand corner where the cooling rate 
was slower (Fig 1). The mean temperature 
in the _16 test trays at the sta-rt of the 
cooling operation was lS"C; this fell to 
12"C after 0. -S hr, to a~c af-ter 1 hr, to 6"C 
after 1,5 hr and £inally to 4"C after 2 hr. 
It is important to stress that pallets were 
in place at the other three bays of the 
moist air cooler during this test. 

The cooling rate at-the four bays of the 
moist air cooler was also studied with a 
'loading' of one pallet (140 t-rays) .per 
bay. There were four test: trays (with 

B'W 3 

(RI) (R3) (R5) (R7) 

11 13 12 13 

(R7) (RIO) (R4) (RI) 

10 11 10 10 

(RI) (R4) (R7) (R9) 

11 12 10 6 

(R8) (R6) (R4) (R2) 

12 10 12 8 

T TAIRT T 
Fig. 1. Fall in temperature (°C) in 
mushrooms in a pallet (plan diagram) 
located in bay 3 of a. 4-bay moist air 
cooler for 2 hr. 

recordi-ng temperature probes) per pallet 
and the mean. data (Table 7) - for each 
pallet show a similar degree of cooling at 
the four bays over the 2-hr pe~iod of the 
test. 

Table 7. Initial and final mushroom 
temperature in trays/pallets before and 
after cooling (for 2 hr) in the four bays 
of a moist air cooler. 

Mushroom 
temperature a. 
("C) 1 2 3 4 

Initial 14.7 16.4 13.l 14. 7 
Final 4.3 4.4 3.4 4.0 

In a third test a second pallet was put 
in-line at bay 1 i.e. two pallets and 
there were 4 test trays (i.e. each with 4 
recording probes) in each _pallet. Mean 
values (averaged over 4 probes) (Table 8) 
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show that the cooling rate was fastest for 
the pallet which was flush with the moist 
air cooler. This result was surprising as 
the stream of air through the two pallets 
should be the same (every precaution taken 
to ensure correct ducting of the air 
through the pallets-) and the cold air is 
sucked through the in-line pallet first and 
so in theory it should cool more quickly. 

These data are presented to illustrate 
the importance of checking the cooling 
performance of packhouse equipment at 
different pallet loadings and cooling 
times; this knowledge enables deliveries of 
incoming mushrooms to the packhouse to be 
scheduled in line with available cooling 
capacity. 

Table 8. Relative cooling ~ates ~or trays 
of mushrooms in two pallets in-line at the 
same bay of a moist air cooler 

Pall.et 
Flush with 

Fall in 
temperature (~C) 

after : cooler In-line 

0.25 hr 3.8 
0.50 hr 4. 5 
0. 75 hr 6.2 
1.00 hr 7.2 
1.25 hr 8.2 
1.50 hr 9.1 

4 CONCLUSIONS 

1 .. The data presented illustrate 
the problems encountered in 
mushrooms and maintaining 
temperatures in the chill chain. 

1. 3 
2.8 
4.2 
5.9 
6.6 
7 .8 

some of 
cooling 

chill 

2. The pinpointing of weak links in the 
chill chain has enabled the mushroom 
industry to take cor't"ecti-ve action 
(including staff training) and to evolve 
the best possible chill chain. 

3. Monitoring the chill chain is a major 
component of the quality assu't"ance 
p.rogrammes in ope!t'a-tion in the Irish 
mushroom industry and the success of these 
programmes is endorsed by the excellent 
quality and :reputation of Irish mushrooms. 
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