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Abstract-The distribution of fatty acids within individual fruits was uneven early in storage. When soft scald 
developed in the fruit, the affected tissue contained less linoleic acid than sound tissue. Differences in fatty acid 
composition were also found between freshly harvested fruit from different trees within an orchard. Apples that were 
stored at 0” had a low linoleic acid content during the early weeks of storage when the fruit are susceptible to the 
disorder but the content then increased substantially during subsequent storage. It seems that a low linoleic acid 
content renders the fruit more susceptible to soft scald. 

INTRODUCTION 

Soft scald is a physiological disorder of apples that occurs 
during storage at temperatures below 2” and appears as 
discrete but irregularly shaped areas of browning of the 
skin and the underlying tissue with a sharp line of 
demarcation between the affected tissue and sound tissue. 
The disorder is normally manifested after 6-12 weeks 
storage and if the fruit show no symptoms after cu 12 
weeks cool storage they are highly unlikely to develop 
symptoms on further storage. The susceptibility of fruit to 
develop the disorder varies, not only between cultivars but 
also within a cultivar, and different trees in an orchard 
invariably have differing susceptibility. The susceptibility 
also varies greatly between seasons; an orchard may be 
severely affected with soft scald in one season and be free 
of the disorder in the subsequent season [l-4]. 

Table 1. Composition of fatty acids within individual Jonathan 
apples stored at 0” for two weeks 

Fatty acid composition (:,, of total FA) 

Apple 16:O 1x:0 18:1 IS:2 IS:3 

The metabolic reactions leading to the development of 
the disorder are not known, but Wills er al. [5,6] found 
that the application of a range of fatty acid Me esters and 
glyceride-type fats and oils to apples inhibited the 
development of soft scald. Various workers [7-l I ] have 
reported that the amount of the unsaturated fatty acids, 
hnoleic and linoleic acids in the surface lipids of apples 
increased during cool storage. In this paper we have 
examined the fatty acid composition of Jonathan apples 
over three seasons for differences within fruit, between 
fruit from different trees, in sound and scald-affected 
tissues and changes during cool storage. We have 
attempted to relate these variations in lipid composition 
to differences in susceptibility of fruit to soft scald. 

I 17-22 3 4-13 43-48 23-27 
2 17 2-5 4-5 48-52 23-28 
3 20 3-4 4 43-44 28-29 
4 IS-16 2-3 3-l 48-50 25-30 
5 14--15 1-2 3-4 43-45 34-40 
6 16-19 3-4 4-5 46-50 24-28 
I 15-17 3--4 3--4 47-49 27-31 
8 15-17 3-4 4-9 47-49 22--3 I 
9 12-13 2-3 3-4 50-52 29-31 

10 13-14 3 3 57-59 22-23 

quarters from each fruit. It was considered that a 
difference of 4’5, in the amount of a fatty acid would 
represent a real difference between samples as the 
experimental method was able to reproduce the data to 
+ I ‘I(, for each fatty acid for successive analyses using 
ahquots of the same apple sample. Seven of the ten fruits 
showed differences in the composition, for some fatty acids, 
of 4”,, or greater; thus more than half the fruit were 
considered to have an uneven distribution of fatty acids 
around the fruit. 

RESULTS 

The distribution of fatty acids within a fruit was 
examined by determining the fatty acid composition of 
the lipids extracted from ten Jonathan apples of uniform 
size and maturity that had been each cut longitudinally 
into quarters (excluding the core). Table 1 shows that fatty 
acid composition was not always uniform between the four 

A considerable range in fatty acid composition of 
surface lipids between fruit from different trees was also 
found (Table 2), with all acids showing substantial 
variation. No values are presented for linolenic acid since 
an unknown compound in the lipid fraction co- 
chromatographed with linolenate. The surface lipids were 
examined as they are associated with the area of the fruit 
that develops soft scald. 
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The fatty acid composition of apple tissue that was 
affected with sort scald uas compared Mith thxt of an 

equal area of sound tissue obtained from the same fruii: 
the so~md tissue being taken from the opposite side of the 
fruit to the scald-afTectcd tissue. The most consistent 
difference \V;IS with Iinoleic acid; in all 31 comparisons 0T 
sotmd and afttcted tissue the percentage of linoleic acid in 
the sound tissue uas prcater than that in the scald tissue 
with the ditference between individual pairs ranging from 
1 ‘)(, to 35”,, in tnagnitudc. In most cases there was a 
corresponding increase in the percentage of the saturated 
lipids in thescalded tissue but thccfl‘ect NXS noI consistent 
for any one saturated acid. The average data are shown in 
Table 3. 

Changes in fatt> acids of sL1rface lipids of Jonathan 
apples during storage at 0” arc shown in Table 4. In 
Experiment 1, the amount oftotal fatty acids decrca\ed for 
the first I1 days of storage and then increased rapidly. 
Changes in all the individual fatty acids follo\\cd ;I similar 
pattern uith the changes in linoleic acid being the most 
substaiitial. After sewn weeks the content of linolcic acid 
was co five times greater than that at harvest. Similar 
changes in linoleic acid \vere showi in Experiment II 
nherc the amount oflinoleic acid \vas 10~ during the first 
few weeks storage at 0” and then increased in subsequent 
weeks. The amounts of other l’attj acids tended tither to 

increase during storage (stcaric and oleic acids) or llil\ e ;i 

m;ixiniwii value earl) in storage (paltnitic acid) 

Soft scald develops relativclg early in cool storage and 
by 6 12 weeks the mauimL1m Iacl of disorder is usu;tli~ 
present. The CBUSC of the disorder has been attributed to 
an accumulation of sonic organic colatilc compound 
during storage [I_‘]. pos.Gbly hcxanol (1.7. l-l]. The factors 
which lead to production of the toYic compou~~d ;tre 
presL1mabl~ initratcd Mel1 bcforc the manifestation ol 
disorder symptoms. The moat prominent change in the 
litty acid compositron durinq storage was that the linolric 
acid content of the surface lipids \\a lo\\xst dL1ring the 
first fev, weeks of storage and markedly increased in later 
iseeks. Workers invcst:gatinp chillin p iniurv in w?oLis 
plant species ha\e found that membrane -lipids from 
chilling-sensitive plant species have a higher ratio of 
saturated to unsaturated fatty acida than do lipids from 
resistant species [15 171: the inference is that ccl1 
membranes Lvhich arc IOU in linoleate arc more 
wsccptihle to collapse and hcncc browning. It ib possihlc 
that. in apples. ;I low concentration of linolcic acid LXI-I! 
in storage initiates the metabolic changes Lvhich Icad to 
the development ofsoft scald. The increase in linolcic acid 
later in storage could he bulticient to prcxnt any furtha 
development of the disorder. 

The loucr content of linoleic acid present in tissue 
affected \%ith soft scald compared to that in sound tissue 
suggests that the disorderdc\elops prefcrentiallq on those 
areas of the fruit \\ ith ;I lower concentration of linoleic 
acid. It is possible that the dill’ercncc bctnrcn sound and 
afttcted tissLle could be a post-tnorteni result of the injury 
rather than iin inrol~ement l\ith the initial cause of the 
diaordcr. IHowever, the distribution of filttl acids WA 
k~und to bc Lmevcn throughout an apple. ~~11 before the 
manifestation of soft scald. and arca~ of the frL1tt \\ ith the 
lowest anioLints of linolcic xid \Icre prcsuniably those 
which \\crc the most \uceptihle to the disorder. The 
substantial diliixences in 01 crall Gitt> xiii composition 
encountered bet~vecn Cwt. betl\ ten trees and bet ween 
orchards could bc responsible for differencc~ in 
sL1sccptibility of apples to soft sc~~lti \tith ;1 Iou content of 
Lmsaturatcd fatty acids predisposing the fruit to decclop 
the diwrder. The reactions that lead to the de\~clopnient 
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Table 4. Fatty acid composition of external lipids from Jonathan apples during storage at 0” 

Storage time 
(days 1 14:o 

Amount of fatty acid (ng/lOOcm’ surface) 

16:0 18:O 18:l 1x:2 Total FA 

Experiment I 

0 
4 
I 

II 
I6 
21 
36 
49 

Experiment II 

0 
14 
28 
42 
56 

20 220 68 118 II9 545 
22 165 67 I20 171 545 
11 133 46 83 94 367 
5 66 34 53 66 223 

I4 IO1 41 61 83 300 
17 106 59 80 108 365 
23 142 146 144 418 872 
20 149 163 214 552 1097 

6 45 18 14 I2 95 
12 86 20 16 7 141 
12 87 50 17 14 I80 
9 65 46 26 39 185 
9 67 50 32 51 209 

Each value is the mean ofextractions from four lots of five fruits in Experiment I and six lots of 10 fruits in 
Experiment II. 

of browning still need to be determined, but since chilling 
injury and soft scald are both associated with reduced 
amounts of unsaturated fatty acids, there may be some 
aspects of metabolism which are common to both 
disorders. 

EXPERIMENTAL 

Large mature Jonathan apples were harvested from a 
commercial orchard. Total lipids were extracted from 50g 
blended tissue in a Sorvall Omnimix with 150ml CHCI,~-MeOH 
(I :2). An additional 50ml CHCI, was added, the mixture 
blended for 30sec then filtered in a Buchner funnel. HZ0 (47 ml) 
was added to the filtrate, the liquid centrifuged and the upper aq. 
layer removed. The CHCI, layer containing total lipids were 
evapd on a rotary evaporator. Surface lipids were removed by 
sequential immersion of whole fruits in 200 ml petrol (bp 60- 80”) 
for 2min and rinsing with fresh petrol. The solvent was removed 
on a rotary evaporator. Lipids were methylated by the method of 
ref. [IS] andanalysed by FlDGCusinga 1.6m x Zmmcolumn 
packed with lo”,, DEGS-PS (Supelco) run isothermally at 185”: 
N1 20 ml/‘min; injector and detector temp. 200”. 
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