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Processed Golden Delicious apples {GD) were compared with processed samples of Bramley's Seedling apples (BS). Taste panels 
found no significant difference between· slices of the two cultivars, canned in syrup. Pies made with solid pack BS apples were 
significantly preferred to those made with solid pack GD apples. The GD samples lacked flavour and would not break down 
on cooking. Modification of the GD solid pack with a 2.5% malic acid solution before processing, improved flavour and texture 
and taste panels found no significant difference between pies made from modified GD apples and those made from solid pack. 
BS apples. Treatment with malic acid did not have the same flavour and texture enhancing effect on frozen GD slices as it had 
on the solid pack slices and pies made with frozen BS apples were significantly preferred t(i those made with frozen malic acid 
treated GD apples. 

Introduction 

Canned apple slices have been used for many years in fue 
bakery and catering. industries .and to a lesser- extent in .th·e· 
home. They are usually used as pie fillings or for desserts. In 

· Ireland and fue UK fruit of fue cultivar Brarnley's Seedling 
(BS) has been used extensively for processing, largely.because 
of its .good appearance and excellent flavour. Most of it is 
canned in the solid pack form. However, fuere has.been only 
a small amount of planting ofthis.cu.ltivar in Ireland.in recent 
years, 39 ha in the period 1967-1973 (1). In contrast, 176 ha 
of Golden Delicious (GD) apples have be.en planted in fue 
same period (1). GORMLEY et al .(2) have shown that fue 
quality of GD apples can vary considerably between seasons 
and in some years fruit from high yielding treatments 
remained green and did not ripen fully. 
It was decided, therefore, to investigatethe potential of green 
Gp appl_es f-0~ processing, either as an additional cultivaf or 
as ·an alternative to BS. This paper re.Ports tests. carried out 
comparing the two t:Ultivars (a) canned as slices ill syrup, (b) 
canned as a solid pack and ·(C), as frozen slices. 

Experimental 

GD and BS apples used in this experiment w·ere stored at 1_ 0.C 
for 2 months after harvesting; Processing tests were canied 
out in December-January each season and evaluatiOn 8 
months later. 

rests on apples before processing 
Samples \each containing 10 fruit) of GD and BS apples were 
tested before ·processing for flesh colour, shear value, % soluble 
solids {%SS) content and acid content. Flesh colour was 
measured on a segment from each of 10 apples using a D25A 
Hunter Colour ])ifference Meter (b values) fitted with a 2 in 
specimen port. Shear values were carried out on 2 X 100 g 

portions of apple slices using a Kramer Shear I'ress with a 
standard test cell. The sheared material was wrapped in 
cheeseclofu and the juice was expressed manually.- Soluble 
solids content of the juice was measured with a refractometer 
and acidity by titration wifu O.lM NaOH, using phenol
phthalein as indicator. 

Canned slices in syrup ( 19711 '72) 
Samples of GD and BS apples were peeled, cored, sliced and 
trimmed. The slices were placed in 2% NaCl for 4 hr. They 
were blanched at 82 °C for "5 min and were filled into No. 1 
Tall cans (211 X 400).·Syrup at 82 °C was added and the-cans 
~ere ·exhaust-ed at 82 ~C for ·6 min and were then processed 
at 100°·C for 10 min. Syrup (sucrose) strengfus of 20° a!).d 40° 
Brix were used for GD slices .while 40° Brix syrup was used 
for BS slices. 

· .The flesh colour and firmness of fue processed slices was 
measured with the J:lunter meter {b values) and shear press 
(100 g samples) respectively. The Hunter meter was lltted with 
a 1 in apertul'e for the measurement. ·Flavour comparisons 
between GD samples.(20° vs 40°. Brix) and GD vs BS samples 
(40° Brix) were made 8 months after-canning using 20-member 
paired comparison ,taste panels. Samples were presented to the 
taste panels as slices in syrup at room temperature.rather than 
as pie fillings. 

Solid pack apples ( 19711 '72) 
The apples were prepared as for the slices in syrup and were 
held in 1.5% NaCl overnight. They were washed, blanched 
.(5 min at 82 °C) and packed into No. 1 Tall cans to wifuin 
1 cm from the top. The cans were topped-up* wifu boiling 
water and were ·exhausted.from 8-10 min at 88 °C. They were 

* The term topping-up refers to the addition of boiling water or malic 
acid to the can in order to completely fill it. Each can is already packed 
to within 1 cm from the top with apple slices. 
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then processed at 100 ° C for 16 min (referred to in this 
experiment as "standard process"). Preliminary tests indicated 
that the canned GD product was rubbery and further samples 
were proceSsed for 12 and 20 min to study the effect of 
processing time on slice texture. 
The flesh colour and firmness of the solid pack apples was 
measured after 8 months storage (Hunter b values and shear 
press), and cans of GD apples (standard process) were sub
mitted to 7 bakeries and 3 hotels in Dublin for evaluation. 
Further samples of GD (standard process) and BS apples were 
made into pies. A 20-member paired comparison taste panel 
compared the pies for acceptability. 

Soaking Golden Delicious apple slices in malic acid 
Slices were soaked for 18 hr in 1.5% NaCl solutions containing 
different levels ofmalic acid (0.25, 0.5, 1.0, 1.5, 2.0 and 2.5%). 
Slices from each solution were then sheared (100 g lots) and 
further samples were pulped for pH. ·measurements. 

Modification of solid pack apples with ma/ic acid (1972!'73) 
The 1971/'72 resultsshowed that solid pack GD apples lacked 
flavour and were rubbery: -It was decided, th'erefore, to modify 
the pack with inalic acid in an effort to· improve flavour and 
soften texture. The malic acid was applied by (a) soaking the 
slices in 1.5% NaCl solution contailling 0.5 or 2.5% malic acid 
{MA) for 18 hr, (b) by topping-up the can with 0.5 or 2.5% 
MA solution rather than water, and (c) by a combination of 
(a) and (b). The 6 treatments were: 0.5% MA soak, 2.5% MA 
soak, 0.5% MA soak and top-up, 2.5% MA soak and top-up, 
0.5% MA top-up and 2.5% MA top-up. A sample topped-up 
with boiling water was termed '~standard" GD and was used 
as control. The B.S samples were prepared by the normal 
procedure and were not modified in. any way. The canning 
procedure for bOth cultivars was the same as that used in 
1971/'72. 
The canned apples were evaluated after· 8 months storage . . 
Samples were sheared (100 g sample) and 5 pair~d-comparison 
(aste panels (20 tasters in each) were done on apple pies, made 
commercially, with apples. from the dif.ferent treatments. 
Comparisons. made were: standard GD vs standard BS, 
standard GD vs 2.5% MA top-up GD, standard GD vs 
0.5% MA soak+ top-up GD, standard BS vs 2.5% MA top-up 
GD, standard BS vs 0.5% MA soak + top-up GD. Apples from 
the differeµ.t treatments were also stewed in beakers on a 
low-heat hot plate and the degree of breakdown during 
cooking was noted. 

Frozen Golden and Bramley slices (19721'73) 
The prep3.ration, brining and blariching treatment was -the 
same as for solid pack slices 1971/'72. GD and BS slices.were 
blast frozen at -30 °C, after blanching, and were packed in 
polythene bags and stored at -25 °C. 

Tab. 1 TCsts on appl~ before processing1 

Season ·Cultivar 

1971/72 Golden 
Bramley 

1972173 Golden 
Bramley 

1973174 Golden 
Bramley 

Soluble 
solids 
(%) 

11.6 
10.5 

10.5 
10.1 

11.8 
10.5 

1 Tested in December-January, 2 meq. acid/10 ml juice 
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Further samples of GD apples were vacuum treated withmalic 
acid solution (0.5 or 2.5%) before blast freezing. The slices 
were submerged in the solution and a vacuum of 710 mm Hg 
was pulled and held for 3 min. The vacuum was released and 
pulled again for a further 3 min. 
After 8 months at - 25 °C, slices from each treatment were 
thawed and sheared (100 g). The amount of free liquid 
expressed from each sample during shearing was measmed. 
Apple pies were made (commercially) with slices from the 
2.5% MA GD, standard GD and standard BS treatments and 
were compared by three paired romparison taste panels (20 
tasters). Samples of the thawed GD and BS apples were also 
stewed to study the degree of slice breakdown during cooking. 

Modification of solid pack apples with malic and tannic acid 
(19731'74) 
The GD apple slices were soaked in l.5% NaCl for 18 hr and 
were then blanched and packed into cans. Batches of cans were 
topped-up with malic acid solutions (2.5%) containing 3 levels 
of tannic acid as an astringent. The concentration of tannic 
acid in 25 ml of malic acid solution· was such as to give a final 
tannic acid concentration, relative to .can contents of 500, I OOO 
and 5000 ppm. A batch of cans was topped-up with 2.'5% malic 
acid as control. All cans were exhausted and processed by the 
standard procedure. The BS samples were also prepared by 
the standard procedure. 
Fruit from the different treatments was stewed after 8 months 
in can and the flavour was assessed by a taste panel. The 
tasters wer-e asked to rank the samples for flavour. Fruit with 
the highest level of tannic acid {5000 ppm) was made into 
apple pies and was compared (18 tasters) with pies made from 
BS apples. 

Results 

Tests on apples before processing 
The results (fab. l) show that the-SS content of GD apples 
was generally low for a fresh mark.et apple. There was a 
marked difference in acidity and flesh colour, BS being less 
yellow and more acidic than -GD, thus b.etter suited for 
processed products. 

Canned slices in syrup (19711'72) 
Hunter b values for flesh colour of GD apples canned in 20° 
and 40° Brix syrup were 31.4 and 29.2 respectively. The 
corresponding values for BS apples were 20.1 and 17.2. Shear 
values for GD apples in 20° and 40° Brix syrup were 110 and 
99 kg and for BS 83 and 84 kg. 
Paired comparison taste panels on GD vs BS .(40° Brix) 
showed a non significant preference for the former (1218 ratio, 
20 tasters) while in another panel GD slices in 40° Brix syrup 
were significantly preferred (16/4 ratio, p = 0.01) to those in 
20° Brix syrup. 

Acidity2 

0.78 
1.58 

0.88 
1.86 

0.71 
1.85 

Flesh colour 
(Hunter "b" values) 

27.9 
21.8 

Shear 
(kg) 

154 
174 

142 
134 

93 
109 

169 

'-~-) 
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Solid pack apples (19711'72) 
The colour of solid pack GD apples processed for 12, 16 or 
20 min was similar-Hunter b values of 29.7, 29.7 and 30.0. 
Corresponding shear values were 146, 132 and 154 kg. The 
Hunter b value for the BS pack (standard process, 16 min) was 
18.9 and the shear value was 95 kg. These data show that 
different processing times has no effect on the colour of GD 
apples and texture was not softened by processing for up to 
20 min. The GD apples were much firmer than the BS 
samples. 
The concensus of opinion on the samples of solid ·pack. GD 
apples sent to 7 bakeries and 3 hotels for evaluation was as 
follows: the colour was very acceptable (despite being more 
yellow than BS), the flavour was poor and lacked sharpness, 
the texture was too rubbery and slices did not break down 
on cooking. 
Paired comparison taste panel tests on pies made from solid 
pack GD and BS apples indicated a significant preference 
(15/5, p = 0.05) for the pies made with BS apples. Some 
pane lists commented that pies made from GD apples were 
insipid and lacked "bite" and "sharpness". 

Soaking Golden Delicious apple slices in malic acid 
The results (Tab. 2) show that the shear values of GD apple 
slices decreased as the malic acid concentration increased. 

The 2.5% malic acid level had a greater softening effect than 
the 0.5% level and soaking gave a softer product than "top-up". 
The 2.5% MA top-up treatment was the best and the apples 
had a good texture. The most desirable texture for solid pack 
apples seems to be 80-95 kg shear value for a 100 g sample. 
Results for flavour of pies made from solid pack modified GD, 
standard GD and standard BS apples are presented in Tab. 4. 
BS apples were preferred to standard GD apples (Tab. 4, panel 
1), but modification with 2.5% malic acid resulted in a 
pronounced improvement in the GD slices (Tab. 4, panels 2 
and 3). Modification with 0.5% malic acid also improved 
sensory quality (Tab. 4, panel 4) but the flavour of the pies 
made with fruit from this treatment was inferior to· that made 
from BS apples (Tab. 4, panel 5). 

Tab. 4 Paired comparison taste panel tests on apple pies made 
with solid pack apples 

Panel Comparison 

2 

Standard Golden 
"Standard Bramley 

-Standard Golden 
2.5% MA top-up Golden 

Preference 
(20 tasters) 

2 . 
18} p = 0.001 

Tab. 2 Shear and pH values for Golden Delicious apple slices 3 Standard Brantley 1~} NS 
soaked (18 hr) in malic acid solution 

Malic acid (%)* Shear 
(kg) 

pH (pulped sample) 

0.25 
0.50 
1.00 
1.50 
2.00 
2.50 

136 
125 
120 
120 
104 
106 

* All malic acid solutions containedl.5% NaCl. 

3.3 
3.1 
2.8 
2.7 
2.5 
2.5 

The pH of pulped GD samples also decreased as expected, 
with increasing malic acid strength. Fresh BS slices had a pH 
of2.8. · 

Modification of solid pack apples with ma/ic acid (19721'73) 
Treatment of solid pack GD apples with malic acid either as 
an overnight Soak or top-up in the can had a marked effect 
on slice rrrmness (Tab. 3). 

Tab. ~ Shear values for Golden Delicious solid pack apples 
modified with malic acid (MA) 

Treatment* 

-2.5% MA soak 
2.5% MA top-up 
2:5% MA soak + top-up 

0.5% MA soak 
0:5% MA top-up 
0.5% MA soak + top-up 

Unmodified sample (standard) 

* All MA soak solutions contained 1.5% NaCl. 

Shear 
(kg) 

12 
85 
35 

68 
100 
93 

120 

2.5% MA top-up Golden 

4 Standard Golden 
0.5% MA soak +·top-up Golden 

5 Standard Bramley 
0.5% MA soak + top-up Golden 

17} 3 p = 0.01 

The main conclusion of the stewing tests done on solid pack 
GD apples from treatments shown in Tab. 3 was that apple 
slices modified with malic ~cid broke down readily while slices 
from an unmodified sample were still intact after stewing for 
l~ . 

Frozen Golden and Bramley slices (19721'73) 
WJ;ien.the frozen samples were thawed there was no drip from 
any sample. However, during shearing a considerable amount 
of liquid was expressed from the GD apples which was 
decanted and measured. Only a small amount of liquid was 
expressed from the B"S sample (Tab. 5). There was a big 
difference in shear values between the GD and BS samples. 
Malic acid did not have a softening effect on the GD slices, 
pr--esumably. because the slic~ wer.e only in the malic acid 
solution for a short time and the solution had been applied 
as a vacuum treatment after, rather than before blanching. It 
is more-common to vacuum treat before blanching. However, 
in this test, it was felt that a large amount of m~c acid which 
was intended to influence the flavour of the product, would 
be lost during blanching. The BS apples were much softer, 
due presumably, to their natural acidity combined with the 
blanching process. Samples from the different treatments were 
stewed and only the BS apple slices broke down during 
cooking. The GD apple slices from the standard and malic 
acid treatments remained whole and firm even after stewing 
for 1 hr. 

Taste panel tests on pies made from the frozen apples 
indicated that treatnient with malic acid did not have the 'same 
flavour enhancing effect on frozen GD apples as it had on 
solid pack samples. In all cases pies made with BS apples were 
preferred. 
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Tab. 5 Shear values and expressed liquid content of thawed 
apple slices 

Sample Shear Expressed Liquid* 
(kg) (ml) 

Golden (standard) ll2 26 
Golden (0.5% MA) 122 27 
Golden (2.5% MA) 136 32 
Bramley (standard) 55 4 

* From !00 g of sheared sample 

Modification of solid pack apples with malic acid and iannic 
acid (19731'74) 
Taste panels were not able to distinguish between stewed 
samples of solid pack GD apples that had been treated with 
different levels of tannic acid. However, apple pies made from 
solid pack GD apples with the highest level of tannic acid 
(5000 ppm) (and also modified with 2.5% MA) were slightly 
preferred ( ll 17, preference ratio) to pies containing solid pack 
BS apples. 

Discussion 

One of the major differenoes between GD and BS apples is 
acidity (fab. 1). The high acidity of BS apples is largely 
responsible for their excellent tart flavour and good cooking 
qualities. hi contrast the low acidity of GD apples leads to 
a solid pack product which lacks flavour and will not break 
down on cooking. The results have shown that increasing the 
prOcesS:i:hg time does not soften the product. 
Rubberiness does not seem to be a problem in the USA where 
GD apples are processed extensively. It maybe, however, that 
inost of the slice_s are canned in syrup rather than as a solid 
pack. WILEY and THOMPSON (3) report the titratable 
acidity of raw GD apples as 0.42% (expressed presmnably as 

· malic acid)." This is a lower acid colltent than that found for 
Irish GD apples in this experiment, and in a solid pack would 
be expected to give a product that would not,break down on 
cooking. WILEY and THOMPSON {3) have reported high 
organoleptic ratings for GD apples in syrup. In the present 
experiment the taste panel found no significant difference in 
flavour between the GD and BS apples in 40° Brix syrup and 
there were no adverse commenis on the texture of the GD 
slioes--shear values of 99 kg for GD apples· and 84 kg for BS. 

lwt/vol. 8 (1975) Nr. 4 

The above shear value for GD slices in syrup contrasts with 
the value of 120 kg found for umnodified solid pack GD apple 
slices. It seems, therefore, that canning in 40° Brix syrup 
softened the GD apple slioes. 
The flavour and texture of the solid pack GD apple slices was 
modified successfully by malic acid treatment. The added 
malic acid decreased pH and softened the slioes. The 2.5% MA 
top-up GD solid pack slices (shear value 85 kg) had a pH of 
3.1; the unmodified solid pack GD apple slices (shear value 
120 kg) had a pH of3.5, while solid packBS apple (shear value 
95 kg) had a pH of 2.8. DOESBURG ( 4) has shown that pectic 
substances in plant tissue are least soluble in the pH range 
4.5-5.0 and this coincides with high hardness-meter readings. 
As the pH falls the solubility of pectic substances increases 
markedly and hardness-meter values fall. PONTING-et al (5) 
have shown that dipping GD slices in acid solutions risults 
in a softer slice which also agrees w~th results obtained in the 
present study. 
Vacuum treatment of GD apple slices with malic acid after 
blanching had little effect on the flavour or texiure of the 
frozen product (after thawing). It appears that overnight 
soaking in malic acid or a com}?ination of malic acid and heat 
is required to give a frozen product which breaks down 
satisfactorily on stewing. This result contrasts with work by 
PONTING and JACKSON (6) who found that firming agents 
were necessary to improve the mushy texture of frozen GD 
apple slices. 
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