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Almtmt-C%angm in ox&o& a-kcdoplutpric and pymvk acids, non-volatik organic acids, and titratabk 
acidity of Jonathan apples during storage at - 1” were exam&d A storage tmtment which incmml the 
rate of water lam and si@kantly delayed the development of &&down did not a&t the amounts or 
~~~~of~~f~~. Theresuitsindiccttethat,in~ntnrstwithpublisheddpta,inour~~ts 
tlmc is no dimct causal relationship between oxakatii acid and breakdown. 

INTRODUCTION 

Smous losses may occur during cool storage of some varieties of apples due to the develop- 
ment of the physiological disorder, internal breakdown. One form of this disorder, low- 
temperature breadown, develops in susceptible varieties after storage for relatively short 
periods below 3” but above the freezing point of the fruit.’ Low-temperature breakdown 
appears as brown flesh in the cortex, but when severe it may al&t the whole fruit. 

New information on the physiology of this disorder has reoently been repor&d2v3 
Scott et aL2 found that storage of Jonathan apples at 0” over anbydrous calcium chloride, a 
treatment which promotes a higher rate of water loss, retarded the development of break- 
down. Huhne et aL3 showed that, in Cox’s Orange Pippin apples, oxalacetate content 
increased during storage at 0” until the onset of the disorder. They also showed that warming 
the fruit for 5 days at 15’, after storage for 6 or 8 weeks at 0”, resulted in a rapid decrease of 
oxalacetate and a considerable delay in the onset of breakdown during subsequent storage 
at 0”. The oxalacetate content rose slowly during this latter period of storage. They suggested 
that low-temperature breakdown in apples is caused by an interference in the operation of 
the Krebs cycle. 

In the work reported in this paper we have examined the changes during storage at - 1’ 
in a-keto acids, non-volatile organic acids, and titratable acidity in fruit having different 
rates of weight loss and, consequently, difl’erent rates of development of breakdown. The 
aim was to find if the level of breakdown was related to any of these acids and in particular 
to test the hypothesis that a high incidence of low-temperature breakdown results from a 
high content of oxalacetate. 

* W. M. CARNE, Australia, Commonwealth Sci. tnd. Res. Orgun. Bull. No. 238, p. 52 (1948). 
2 K. J. Scmr, E. G. HALL, E. A. Roars and R. B. Wmq Austrolimr J. Ekp. Agr. Animal f&ban&y 4, 

253 (1964). 
’ A. C. Huum, W. H. Smni and L. S. C. WOOLTORTON, J. Sci. Fd Agr. lS,303 (1964). 
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RESULTS 

Time of Pickhg in Relation to Respiratory Activity 

Trends in respiratory activity of developing fruit on the tree were followed by measuring 
the respiration rates of single apples 24 hr and 48 hr after picking. It was intended to use 
these trends to indicate the development of an “on-tree” climacteric4* s so that fruit required 
for the analytical and storage studies could be picked at three dates, corresponding to pre- 
climacteric, climacteric and postclimacteric stages of respiratory activity. 

The data presented in Fig. 1 shows that the respiration rate decreased as the fruit developed 
until 1 March, when the first picking was made. The time taken for the fruit to reach a post- 
harvest climacteric also decreased to this date (Table 1). The measurements made after this 

0 24HR READ& 

0 4gHR RUUNG 

Fro. 1. neNDamlnEMEANREuPIRATIONRAlxsOFAPPLB SALIPLBJ DURRJO MAIURA=oN. 
Measuranentewcrclnadeat2o”,2rland48hr~pi~. Tbcbarsthroughcachpointrcprant 
estimates of the standard deviation of the population (n-24) and the ringed numbers indicate the 

data, on which the storage samples were picked. 

date showed no clear trend and the “on-tree” climacteric was not apparent. The second and 
third pickings were made at the dates shown in Fig. 1 but due to the failure to measure the 
“on-tree” climacteric they were made on the basis of ground colour of the skin. Based on 
this criterion, the second picking was considered optimum for cool storage. 

TABLE 1. N-OF DAYS AT 2&’ FOR THE FRUIT To REACH A RJzSPIRA~Y CLIMACTWIC 

Date of picking 27 Jan. 10 Fob. 17 Feb. 1 Mar. 5 Mar. 
No. of days (n- 12) 73-l 33.9 18.5 12.3 Il.1 
S.D.* i21.2 +21.2 f 13.7 f409 *544 

Date of picking 9 Mar. 
No. of days (n=l2) 7.4 
S.D.+ f 2.32 

l Standard deviation. 

16 Mar. 21 Mar. 24 Mar. 
8.2 7.5 7.7 

+2*16 fl.84 * 2.47 

4 A. C. Hv~hse, J. D. Jo- and L. S. C. WoOL1oRToN, Rot. Roy. Sot. London 1!!8B, 514 (1963). 
5 E. C. MAXDI, P. B. CAM and H. T. HARIUAN, Froc. Am. Sot. Hart. Set. 75,275 (1960). 
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Incickkhce of Breakhwn 
The fruit was stored under conditions which provided two widely different rates of weight 

loss (3.3 : 1). The rates were linear throughout the storage period and were the same for each 
picking (Fig. 2). 

0 Piik 1 

a Pick 2 

TIME IN STORE (WEEKS) 

FIG. 2. WEIIO~ Lo99 DURING SroRAoB. 

Table 2 shows that the development of breakdown was delayed by the high weight loss 
treatment. An analysis of variance was carried out on the data for each picking and the 
difference in the levels of breakdown between the two treatments was found to be highly 
significant (p <0401) for all pickings. The effect of time in store on the levels was also 
found to be highly significant (p < 0401) in all pickings. 

TABLE 2. NUMBERS OF FRUIT A- WITH BREAKDOWN 

Storage time at - 1” (weeks) 
Weight loss , \ 

Pick trtatment 11 12 13 16 18 2U 22 24 26 

1 LOW 14 12 17 19 28 28 
High 

1: 
2 

: 
11 20 

2 LOW 7 20 19 2: 29 3: 
High 11 20 14 

3 LOW 17 2: $ zs’ 2: 35 
High 4 13 14 12 14 20 

The valuea given are the total number of fruit in two unite of twenty-four fruit aKected with 
breakdown after a post-storage holding period of 1 wak at 20”. 

The data were fit&d by multiple linear regressions to relate breakdown to storage period, 
weight loss and original weight at picking. There were six classes (3 pickings x 2 treatments) 
and within class regressions were fitted. There were no significant dBerences between the 
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corresponding regression coe5cient.s for the six classes. For each picking the differences 
between the treatments were accounted for by the ditferences in weight loss. Variations in 
original weight did not fully account for the differences in breakdown between the pickings. 

The a-keto acids found were oxalacetic, a-ketoglutaric and pyruvic acid, with glyoxylic 
acid present in trace amounts. Estimation of these acids was carried out at intervals during 
storage until visible signs of breakdown were found in the fruit immediately on removal from 
cool storage, which occurred after 16 weeks at low temperature. 

OXALACETIC ACID 

A-KETOGLUTAAIC ACID 

012 4 8 12 
TIME H STORE (WEEKS) 

FIG. 3. CHANGES IN ~r-m ACIDS DATA DURING COOL STWUOE. THE DATA PLDTIED ARETHBbuMNs 
OF THE HIGH AND LQW WEIGHT LOSS TREAlMENT!h 

An analysis of variance was carried out on the combined data from the three pickings. 
This showed that there was no signticant difference in the content of any acid due to the 
storage treatment, but that there was a sign&ant change (p <O-001) in the amounts of each 
acid with time in store (Fig. 3). Oxalacetic acid increased during storage for all pickings, but 
in pickings 2 and 3 there was a lag of 4 to 8 weeks before the level of acid began to rise. The 
level of a-ketoglutaric acid fell rapidly in all pickings and then rose to approximately the 
original level after 16 weeks in store. Fyruvic acid increased gradually during storage. 
Figure 3 also shows that the amounts of a-ketoglutaric and oxalacetic acids tended to be less 
in the later pickings, especially from 4 to 8 weeks in store: but as there was no replication of 
pickings the significance of these differences could not be evaluated. 
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Titratable Acidity 

Titratable acidity declined gradually during storage in all pickings (Fig. 4), and there 
were no differences due to the storage treatment. 

012 4 8 12 16 

TIME IN STORE (WEEKS) 

FIG. 4. CkANOLiS IN FREE ACIM DURING SIDRAOE. TIIJI DATA PLtYlTED ARETHEMEANSOPlTIEIUOH 

AND LOW WEIaiT LQSS TRUTMENIS. 

Non-volatile Organic Aci& 

The presence of malic, shikimic, quirk, citic, succinic, citramalic, aspartic and glutamic 
acids in alcohol extracts of the apple tissue was established, but only the first three acids could 

HIKIHIC ACID 

0.08 

1 2 1 
TIME IN ST& , WEEK:: 

15 

FIG. 5. c?L4NOpS IN NON-VOLATILE ORGANIC ACIDS DURING !SlKRAGE. THE DATA PWlTED ARE THE 

h5XN6OPlHBHlOHANLlIDWWEK)MUBSIRBA’IWNIS. 

be quantitatively assayed (Fig. 5). Storage treatment had no consistent effects on changes 
in the contents of these acids but sign&ant changes with time in storage were found. The 
loss of malic acid was approximately equal to the decrease in titratable acidity. 

47 
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DXSCUSSION 

The data presented in Fig 2 and Table 2 show that 

(1) 

(21 

(3) 

the rate of weight loss and the rate of development of breakdown were the same in 
fruit of all pickings, 
that the only difference between pickings was the earlier onset of breakdown in the 
more mature fruit, and 
that the higher weight loss treatment delayed the onset of the disorder without 
ch~~ng its rate of development. 

These observations suggest that the nature of the breakdown was the same in all pickings 
and was not changed by the treatment with higher weight loss. 

Changes in the levels of the three a-keto acids in Jonathan apples during storage (Fig, 3) 
show a pattern similar to that reported by Huhne et aL3 for Cox’s Orange Pippin but the 
higher weight loss had no significant effect on the amounts, or time courses of changes in the 
a-keto acids. This indicates that there is not a direct causal relationship between the content 
of the a-keto acids, particularly oxalacetic acid, and the onset of breakdown. 

Wilkinson6 found that storage in a dry atmosphere decreased the ~~eabili~ of apples 
to gas exchange and, conversely, storing the fruit in a wet atmosphere increased the perme- 
ability. Increased evaporation of water could act by carrying from the fruit a volatile break- 
down initiator. On the other hand a decrease in ~~~b~~ could retard the escape of a 
volatile inhibitor. We have some evidence tunpublish~) which suggests that there are 
differences in the production of volatiles by apples stored in atmospheres of low and high 
humidity. 

Further investi~tion of the possible relatio~hips between organic acid me~bolism, 
apple fruit volatiles, rate of evaporation and breakdown are being investigated with emphasis 
on changes which occur before the onset of the disorder. 

The respiration rates of sin@e fruit at 20’ were measured by the coIorimetric method of Claypool and 
Keefer.’ 002 couceutrations in the respiration containers were maintained at less than 0.3% for pre- 
climacteric fruit by ventilation with hack air. 

The unit used for assemm8 the &v~lopmeut of breakdown aud for the am&&s of the or~auic acids con- 
sisted of a composite sample of tweuty-four fruit obtaiued linm twelve trees from BiIpin, N.S.W. Fruits of 
comparable size and maturity were aakxxsd at each picking. To pmvent pm-harvea& fruit drop a spray of 
20 ppm 54,~trichiorophenoxypropiouic acid was apphed at a rate of 3 8al per tree on 8 March, 1965. 

halyticd Methods 

Each apple in a unit was co& and cut lon&udinahy into twelve sectors. SintIle sectora from each apple 
were combined to form a composite sample which was frozeu in liquid air and theu ground iu au ekctric 
grinder at -2O’. A&rots of the frozen powder were takeu for the various determiuations. 

The &ratable acidity was measmed by tit&n8 25 8 of tissue mixed with water (100 ml) to pH 8.2 with 
Ol N NaOH. 

The &et0 acids were de&u&ad by the method of Isherwood and Niaviss as adapted for apple tissue 
byH~~tu~.s Tbisinvo~~sampkgfU)O)with0_6MHPOsatO’and~tinptheacidsaa 
the 2,~~p~~ by paper ~~t~phy. The individuaI acids were measured colori- 
metricahyueiqIaBauachaudI.ombSpectmnk2O. 

6 B. 0, Wuxne+mu, J. Hoti. scl, Ut, 58 (1965). 
’ L. L. mvsoor, and R. M. IzaapaR Proc. Am fi’oc. Hurf. Sei. 4, I?7 (1942). 
s F. A. Is~anwam aud C. A. Nr~vra, B&&m. J. 64,549 (1936). 
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Samples (100 g) for the determination of the non-volatile organic acids were fmexe&kd at a sublimation 
temperature of - 30” to a final product temperature of 50” and stored in seakd containers at 0” until analysed. 
lhe fmexedried samples were extnu&d three times with 80% ethanol (100 ml) in a food blender at room 
temperature. The tiltered extracts (541 Whatman paper) were combii and one-half of the sample was 
loaded onto a 22 x 0.7 cm column of Permutit Dbacidite FF (< 200 mesh) anion exchan@ resin in the acetate 
form. The other half of the sample was held in reserve at - 15”. The acids were cluted with a linear gradknt 
of acetic and formic acids (Hulrrk and Wooltortons) generated by a four&an&red apparatus using variabk 
gradient of the type used by Peterson and Sober. lo The four chambers initially contained 125 ml of deionized 
water, 2.5 N acetic acid, 2.5 N acetic acid and 6 N formic acid respectively. The flow rate was l-l.5 ml/mm. 
Fractions (5 ml) were colkcted and dried by Palmer’srt method. The fractions containing t&ratable amounts 
of acid were detected by adding 1 ml of 0M)l % phenolphthalein in Oa2 N NaOH to each collection tube 
(de Moura and Dostalt*). These fractions were titrated to pH 8.2 with 0.02 N NaOH. 

The analytical data have been reported on the basis of the fresh weight of the fruit at picking. 
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9 A. C. HULME and L. S. C. WOOL~RTON, J. Sci. Food Agr. 9,150 (1958). 
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