Changes in quality characteristics of Golden Delicious
apples under different storage conditions and correlations
between them
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ABSTRACT: In this four-year study, fruits of Golden Delicious cv. randomly sampled from four different orchards on M 9 were
kept at 1 or 2°C in air storage, and in the course of storing individually assessed for weight, skin colour, skin blush, skin waxiness,
flesh firmness, vitamin C content, total acid content, pH value, total sugars, dry matter and calcium content. Changes in some of
these fruit quality characteristics during storage are presented and compared with their course during storage both in the cellar and
ULO. The maximum storage life of the fruits in the air storage was estimated at 150 days on average. From individual fruit data,
correlations between all the observed characteristics at different stages of the storage period were calculated. Fruit weight was
positively correlated with dry matter, vitamin C, sugar and acid content, but negatively correlated with flesh firmness and calcium
content. Fruits with more skin blush were correlated with higher vitamin C. Flesh firmness was mostly correlated with dry matter
content, but negatively correlated with calcium content and pH values. Vitamin C content was positively correlated with total
acids, but negatively correlated with pH values, sugar:acid ratio and calcium content. Total acids were negatively correlated with
pH values and sugar:acid ratio. At the end of the storage period, the total acid content was also correlated with dry matter content.
Total sugars were closely correlated with dry matter content and negatively correlated with calcium content. Calcium content was
very closely negatively correlated with dry matter content, and also negatively correlated with the sugar:acid ratio.
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Golden Delicious is one of the main apple cultivars
produced in the Czech Republic. Most of the crop,
however, is still kept under normal air storage condi-
tions (BLAZEK 2002). Storage conditions determine
the longevity of storage life of apples and this vari-
ety demands special treatment. Golden Delicious apples
showed a rather rapid decrease of flesh firmness during
air storage (GOLIAS et al. 2000). Controlled atmosphere
storage with ultra-low oxygen (ULO) concentration has
been widely adopted to extend the apple storage period
thereby reducing the loss of firmness, acidity and sugars
(FERRANDINO et al. 2001).

Selected characteristics in connection with fruit qual-
ity in apple cultivars grown in the Czech Republic were
evaluated in the course of storage during the seasons
1999 and 2000 (BLAZEK, HLUSICKOVA 2001). Fruits of
Golden Delicious were distinguished by high dry matter
content, above average sugar and calcium contents but
only average flesh firmness and acidity.

The objectives of this four-year study were: (1) to in-
vestigate changes in several fruit quality characteristics
of Golden Delicious apples that were harvested from
orchards with variable growing conditions, in the course
of different storage conditions and (2) to investigate the
correlations between these characteristics with the ap-
ples at different stages of the storage life.

MATERIAL AND METHODS

Apples of Golden Delicious cv. were collected for
four years (1999-2002) from four different experimen-
tal orchards on M 9 rootstock in Holovousy, which
is characterised by an average yearly temperature of
8.1°C, average rainfall about 650 mm and altitude
about 300 m. These orchards differed in age (3 to
28 years), tree training system (two as slender spindles
and two hedgerows), irrigation (one was drip irrigated
while the other not) and foliar application of calcium.
Randomised samples of fruits after harvest were placed
in a chamber of air storage where they were kept at the
temperature of 1 or 2°C and RH above 95%, together
with many samples of other cultivars and selections. In
2000, parallel samples were also kept in a normal cel-
lar with starting storage temperature between 9-12°C,
which was decreased to the level of 4-5°C beyond the
end of October. The 1999-2001 samples of Golden De-
licious apples, which were kept in two commercial ULO
storages (Unicom Kutna Hora and COOP Dolany), were
used as a comparison. These apples were grown in cli-
matic conditions similar to Holovousy and were kept in
1.2 or 1.5% of O,,2.5 or 2.8% of CO, and 1-2 or 2-3°C.
Before and during storage, the following characteristics
were assessed: fruit weight, skin colour, skin blush, skin
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Table 1. Mean values of assessed characteristics and their span in observed years

. Means LSD Span of observed values

Characteristics

1999 2000 2001 2002 P<0.05 1999 2000 2001 2002
Fruit weight (g) 201.6 174.9 197.5 208.6  12.1 127-247 134248 123-233  130-245
Skin colour 4.4 43 4.4 4.9 0.51 27 3.7 3.7 27
(green-yellow: 1-9)
Skin blush (%) 4.9 5.1 6.6 15.7 3.0 0-35 0-40 0-30 0-45
Skin waxiness (1-9) 7.4 73 7.6 7.7 0.34 59 5.9 59 6-9
Flesh firmness (N) 57.7 50.3 517 59.1 4.0 43-94  29-86 3483  41-81
Vitamin C (FW) 6.1 6.4 59 6.6 0.64 3897 25105 3.6-104 4.1-13.4
(mg/100 g)
Total acids (%) 0.34 0.37 031 040 005  0.19-0.60 0.13-0.94 0.12-0.64 0.29-0.63
pH value 3.9 3.8 4.1 4.0 0.08 3643 3546 3446 3543
Total sugars (%) 14.6 13.9 13.0 14.0 0.62 113-18.0 6.7-183 93-16.8 9.46-16.9
Sugar:acid ratio 42.0 37.6 412 34.9 4.8 2378 1894  19-95  20-70
Dry matter (%) 16.7 16.4 14.8 15.7 0.62 12.9-18.8 11.1-19.5 11.9-19.0 12.0-18.4
Calcium content (DM) 5 | 23.6 322 36.9 3.7 17-45 9-54 1465 1872
(mg/100 g)

waxiness, flesh firmness, vitamin C content, total acid
content, pH value, total sugars, dry matter and calcium
content. Skin colour was rated by using a 1-9 rating
scale (1 completely green and 9 deep yellow). Skin
blush was estimated as a percentage of the total skin
area. Skin waxiness was rated by using a 1-9 rating
scale (9 no waxiness). Flesh firmness was measured
with a penetrometer (Model FT 327; R. Byrce, Alfo-
sine, Italy). The content of vitamin C, sugars and acids
were rated by titration (utilising standard curves). The
content of soluble solids was determined on the basis
of weighing before and after drying. The content of cal-
cium was determined by flame atomic spectroscopy. On
each fruit, an assessment of all characteristics was com-
pleted. From each orchard and each time of assessment,
5 fruits were assessed. All results were tested by analy-
sis of variance. Means were separated by Tukey’s “least
significance difference” test at P < 0.05 (LSD). Data of
all individually assessed apples (with the exception of

samples taken from ULO storage) before storing, in the
middle of the storage season and at the end of storage
were analysed by correlation analysis separately.

RESULTS

The mean values of the assessed characteristics and
theirs spans in particular years are given in Table 1.
Apples were the smallest and poorest in calcium in
2000, whereas in 2002 they were the largest, firmest,
better blushed and had the highest content of calcium,
vitamin C and total acids. The majority of the differ-
ences within all the assessed characteristics between
years, however, was not statistically significant and
the span values were very similar. The greatest vari-
ability within the observed characteristics was found in
the case of calcium content, especially in 2000, being
rendered by different growing conditions and foliar ap-
plication of calcium.
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Fig. 2. Flesh firmness (N) during
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Changes during storage
Fruit weight

Apples of Golden Delicious cv. lost their weight very
differently while being stored in different storage con-
ditions (Fig. 1). These losses after 100 days in storage
were equal to 3% in the case of air storage, 7.8% in the
case of cellar and only about 1.4% (estimation) in ULO
conditions. In this respect, storing apples in ULO was

Fig. 3. Content of vitamin C during
storage

about 5 times more efficient than storing in an ordinary
cellar.

Flesh firmness

Storage conditions were also very decisive for the
decrease of flesh firmness for Golden Delicious apples
(Fig. 2). A critical level of 50 N of the firmness, which
is considered an acceptable fruit quality of the cultivar,
was reached after about 5 months in air storage. In the
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cellar, on the contrary, after 3 months the apples were
already too soft. In the case of ULO, the decrease of
flesh firmness was very low and the critical level was
never reached in storage.

Content of vitamin C

There was a permanent decrease of vitamin C content
in apples in storage (Fig. 3). The rate of the decrease,
however, was very low in the case of ULO, whereas both
in the air storage and in the cellar the rates were rather
high and very similar. About half of the original content
of vitamin C remained in fruits after 5 months in the air
storage. In the ULO conditions the level of vitamin C
content fluctuated about 7 mg/100 g at the end of the stor-
age period, which was not statistically different from the
average content of vitamin C at the time of fruit harvest.

Total acids

The pattern of total acid content during storage was
very similar to that of vitamin C (Fig. 4). Changes in

the total acids in ULO were negligible, whereas in both
other storage ways there was a rapid and permanent
decrease of the acid content. The total acid content was
reduced from the average level of 0.52% at the time of
harvest to 0.23% after 200 days in the air storage, and
from the level of 0.57% at the time of harvest to 0.21%
after 150 days in the cellar. The apples that were taken
from ULO after 250 days were not statistically different
in this characteristic from those at the time of harvest.

Flesh acidity (pH)

Values of pH were very closely related to the total
acid content, with the only difference in sign (Fig. 5).
Once again, the ULO conditions differ very distinctly
from both remaining storage facilities.

Total sugars
A certain level of increase of the total sugar content

was typical at the beginning of storage with a subse-
quent decrease thereafter (Fig. 6). The decrease was
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more rapid in the cellar than in the air storage or ULO
conditions. In the air storage, the maximum average
total sugar content was reached after 50 days in storage
(14.7%). From that time, the content decreased to the
final 12.6% after 200 days in storage. In the cellar, the
maximum average total sugar content that was reached
after 50 days was equal to 13.5%, which was reduced to
11.5% after 150 days in storage.

Sugar:acid ratio

From all the observed characteristics, the differences
in this ratio were the highest among different storage
conditions (Fig. 7). An increase of the ratio was the
most rapid in the cellar where it changed from a starting
value of 24 at the time of harvest to nearly 60 in Febru-
ary. The increase of the ratio was similar also in the air
storage but by about one fourth slower. The ULO, on the
contrary, promoted rather small changes in the ratio.

Dry matter
A decrease of dry matter content was more or less
proportional to the quality of storage conditions (Fig. 8).

The decrease illustrated by the slope in the figure was
steepest in the case of the cellar, whereas the changes
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Fig. 8. Content of dry matter (%)
during storage

in the air storage or ULO were more gradual. In the air
storage, the average dry matter content at the time of
harvest was 16.9%, and it was reduced to 15.3% after
200 days of storage. In the cellar, the dry matter content
at the time of harvest was 17.3% and it was reduced to
14.0% after 150 days of storage.

Air storage

The maximum storage life of Golden Delicious fruits
in these conditions fluctuated by about 150 days. This
storage was characterised by a medium rate of fruit
weight loss and also by a medium rate of decrease in to-
tal sugars, dry matter and flesh firmness. The decrease in
vitamin C and total acids was relatively more rapid. The
fruits had a tendency to be sweeter with the prolonged
time of storage.

Cellar

The maximum storage life of Golden Delicious fruits
in these conditions was about 70 days. This storage was
characterised by a rather high rate of fruit weight loss
and also by a similar rapid decrease in practically all the
parameters of fruit quality starting with flesh firmness
and vitamin C content. Typical was also a very rapid
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Table 2. Correlation coefficients between characteristics assessed at the time of harvest

- @) 3

= 5 < g < é g — ;‘:j — 8 § 5
Fruit weight 1
Skin colour -0.11 1
Skin blush 0.26* —0.15 1
Skin waxiness —-0.06 —0.18 0.10 1
Flesh firmness —0.34** —0.25* —0.10 0.19 1
Vitamin C 0.34** —0.37**  0.42%*  0.23 0.29% 1
Total acids 0.25%  —0.36**  0.26* 0.24* 0.11 0.29* 1
pH value -0.22 0.54** —0.39** —0.15 0.01 —0.36%*% —0.34** 1
Total sugars 0.29* 0.36** -0.04 -0.16 -0.18 0.09 -0.12 0.21 1
Sugar:acid ratio  0.07 0.40** -0.20  —-0.15 —-0.21 -0.11 —0.73%*%  0.31* 0.73*%* 1
Dry matter 0.36%*  0.22 -0.15 -0.23 0.19 0.13 -0.01 0.19 0.72%*  0.50%* 1
Calcium content —0.30* 0.10 0.15 0.19  -0.15 -0.28* -0.14 -0.14  —0.65%* —0.34%* —(0.81**

*significant at P < 0.05; **significant at P < 0.01

increase in the sugar:acid ratio that soon made the taste
of the fruits too flat.

ULO

Fruits taken from ULO storage were about 15%
smaller (data not presented here) on average in compari-
son with samples from Holovousy (Table 1).

The maximum storage life of Golden Delicious fruits
in these conditions was more than 250 days. This stor-
age was characterised by a negligible rate of fruit weight
loss, and also by a very slow decrease in the main pa-
rameters of fruit quality. All fruits possessed excellent

flesh firmness at the end of storage time. All colour
changes were halted during storage and, therefore, fruits
looked greener after storage. The sugar:acid ratio re-
mained low during the whole storage period preserving
the “freshness” of the fruits, but their taste impression
was not always excellent.

Correlations

The number of correlations between the observed
characteristics that were found in this study was highest
at the time of harvest (Table 2). Nearly the same number
of correlations was found in the middle period of stor-

Table 3. Correlation coefficients between characteristics assessed in the middle of storage period

. " O o
=3 2f =5 =% s B o5y ozt 5E B
£% 2% 52 2i 2E £ &% w3 &% J% A&
Fruit weight 1
Skin colour —-0.08 1
Skin blush 0.20 0.11 1
Skin waxiness 0.13 -0.22 —0.24* 1
Flesh firmness —0.27* 0.21 -0.19 -0.11 1
Vitamin C 0.39*%* —0.41** 0.20 0.21 0.07 1
Total acids 020  -0.40** 0.24*  0.21 0.18 0.58** 1
pH value 0.02 0.38** —-0.03  -0.06 —0.15  —0.40** —0.54** 1
Total sugars 0.35%* 0.39** 0.16 —0.23 0.15 0.14  -0.03 0.09 1
Sugar:acid ratio  —0.01 0.53** —-0.07  -0.36** —0.16  —0.49** —0.75%* 0.49** 0.57** 1
Dry matter 0.42%*  0.12 0.02  -0.26%  0.34** 037** 0.16 0.13 0.70%*  0.22 1
Calcium content —0.41** (.13 0.18 0.01 —0.34*%*% —0.32* -0.12 -0.09 -0.41** -0.08 —0.78%%*

*significant at P < 0.05; **significant at P < 0.01
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Table 4. Correlation coefficients between characteristics assessed at the end of storage period

» " O o
=5 S = é = 8 g = = P - - E g
E5 £f 2% 2% 2E £ 23 =3 E2 2% g
[2ag= n 3 n o n 2 = & > E s a > E a n & A g
Fruit weight 1
Skin colour —-0.05 1
Skin blush —0.17 0.16 1
Skin waxiness ~ —0.17 0.06 -0.19 1
Flesh firmness 0.22 0.06 0.25*%  -0.16 1
Vitamin C 0.08 0.07 020  -0.06 0.24* 1
Total acids 0.09 0.01 0.09 0.29*%  0.26* 041 1
pH value -0.28*  -0.20 0.08 -0.19 -0.24* -0.10 -0.16 1
Total sugars 0.25*  032*  0.13 0.32*  0.37%* 0.20 0.47** —0.58** 1
Sugar:acid ratio  —0.04 0.17 0.04 -0.10 -0.14 -0.37** —0.81** —0.05 0.03 1
Dry matter 0.11 0.30*  0.31*  0.40%* 0.38** (.21 0.50%* —0.44**  0.83%* —0.05 1
Calcium content —0.07  —0.15 0.27* -0.31* -0.26* 0.01 -0.23 0.06  —045*% 0.03 —0.50**

*significant at P < 0.05; **significant at P < 0.01

age, but some of them were stronger (Table 3). The low-
est number of correlations was found at the end of the
storage period, and the great majority of them was much
weaker (Table 4).

Fruit weight was positively correlated with dry matter,
vitamin C, sugar and acid content, but negatively corre-
lated with flesh firmness and calcium content. More yel-
low fruits were correlated with higher pH value, higher
sugar content and higher sugar:acid ratio. More green
fruits were correlated with higher flesh firmness, vita-
min C and some skin waxiness. Fruits with more skin
blush were correlated with higher vitamin C and some
acid content, but rather negatively correlated with pH
values. Flesh firmness was mostly correlated with dry
matter content, and sometimes also with vitamin C and
acids, but negatively correlated with calcium content
and pH values. Vitamin C content was positively corre-
lated with total acids and sometimes also with dry mat-
ter content, but negatively correlated with pH values,
sugar:acid ratio and calcium content. Total acids were
negatively correlated with pH values and sugar:acid
ratio. At the end of the storage period, the total acid con-
tent was also correlated with dry matter content. Total
sugars were closely correlated with dry matter content
and negatively correlated with calcium content. Calcium
content was very closely negatively correlated with dry
matter content, and also negatively correlated with the
sugar:acid ratio.

DISCUSSION
Effects of storage conditions
The maximum storage life of Golden Delicious fruits

in air storage equal to about 150 days, which was found
in this study, agrees with previous findings (LOPEZ et

HORT. SCI. (PRAGUE), 30, 2003 (3): 81-89

al. 2000). Longer preservation in these conditions could
not maintain acceptable fruit quality. ULO storage had
beneficial effects on fruit firmness and practically all
the other observed characteristics connected with fruit
quality. Golden Delicious fruits could be stored in ULO
storage for more than 250 days. These results fully cor-
respond to previous experience (TRUTER, EKSTEEN
1987; LAU 1990).

Some characteristics of the fruits from ULO storage
were influenced by smaller fruit size (about 15% on
average) in comparison with samples of apples taken
from experimental orchards at Holovousy. This differ-
ence changed the values of several characteristics to
a certain extent such as dry matter, sugar content and
some others. Smaller fruits tend to have lower soluble
solid concentrations and greater firmness (BYERS, ENO
2002).

Effects of years and orchards

The limited number of fruits that were assessed from
each orchard and year was not sufficient for the inves-
tigation of other factors that were involved in this study
(e.g. effects of year, drip irrigation, foliar calcium ap-
plication, tree age, tree forms). Preliminary analysis of
some data (not documented here by figures or tables)
shows that they did not substantially change the general
effects of different storage conditions presented here. On
the other hand, utilising these factors was certainly very
useful for increasing the total variability of all the ob-
served characteristics and for their correlation analyses.

Certain differences in dry matter, firmness and total
acid content between the particular years could be in-
fluenced by different harvest ripeness as shown by FER-
RANDINO et al. (2001). Soluble solids and acid content
could also be slightly influenced by different tree forms
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and tree density as it was previously found (WIDMER,
KREBS 2000).

Flesh firmness

Similar patterns of decrease in flesh firmness during
storage were found with Golden Delicious apples by
GOLIAS et al. (2000).

Regarding the correlations between flesh firmness and
other characteristics, the negative relationships between
firmness and fruit weight are in agreement with previ-
ous findings (HARKER et al. 1997). The most surprising
results, however, are the negative correlations found in
this study between flesh firmness and calcium content.
According to the literature published until now, fruit
firmness of Golden Delicious and other apple cultivars
was mostly positively correlated with calcium concen-
tration in the fruit at harvest, as well as after storage
(RILEY, KALATTUKUDY 1976; SAMS, CONWAY 1984;
ROY et al. 1996; BLAZEK, HLUSICKOVA 2003). On
the contrary, REESE and DRAKE (1993) reported that
the increased firmness of Golden Delicious apples was
induced by pre-harvest calcium sprays in only one of
the three locations studied. It may be that the effect of
calcium on flesh firmness was masked in our study by
an influence of another factor that was not investigated
here. Such a factor could be, for example, the content
of phosphorus that can also be positively correlated with
fruit firmness (BEN 1997).
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Zmény kvalitativnich znaki u jablek odridy Golden Delicious v riiznych podminkach

skladovani a korelace mezi témito znaky

ABSTRAKT: Béhem ctytletého vyzkumu byly plody odridy Golden Delicious zndhodnéné odebirany ze Ctyf riiznych vysa-
deb vysazenych na podnozi M 9 a uchovavany v bézném chlazeném skladu pfi teploté¢ 1-2 °C. V prubéhu tohoto skladovani
byly odebirany vzorky plodd a u kazdého z nich byla hodnocena jejich hmotnost, barva slupky, vyskyt licka, mastnost slupky,
pevnost duzniny, obsah vitaminu C, celkovy obsah kyselin, hodnota pH, celkovy obsah cukrti, obsah susiny a obsah vapniku.
U nékterych z téchto charakteristik byly vyhodnoceny zmény, ke kterym doslo v pribéhu skladovéni, a tyto vysledky byly
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porovnany se zménami zjisténymi pii skladovani ve sklepé a v podminkach ULO. Maximalni doba skladovatelnosti, béhem niz
si plody udrzely piijatelnou kvalitu, se v bézném chlazeném skladu v priméru pohybovala kolem 150 dnt. Z takto ziskanych
dat individudln¢ hodnocenych plodu byly pro tfi rizna stadia skladovani vypocitany korelace mezi v§emi hodnocenymi znaky.
Hmotnost plodu byla kladné korelovana s obsahem susiny, vitaminu C, cukrt a kyselin, avSak negativné korelovana s pev-
nosti duzniny a obsahem vapniku. Plody s vyskytem licka se vyznacovaly vy$$im obsahem vitaminu C. Pevnost duzniny byla
v kladném vztahu s obsahem susiny, avSak v zaporném vztahu s obsahem vapniku a hodnotou pH. Obsah vitaminu C byl kladné
korelovan s celkovym obsahem kyselin, avsak negativné korelovan s hodnotami pH, pomérem cukri ke kyselindm a obsahem
vapniku. Celkovy obsah kyselin byl v zaporném vztahu k hodnotam pH a poméru cukri ke kyselinam. Ke konci skladovaciho
obdobi byl celkovy obsah kyselin kladné korelovan také s obsahem susiny. Celkovy obsah cukrii byl tésné korelovan s obsa-
hem susiny a negativné korelovan s obsahem vapniku. Obsah vapniku byl velmi tésn¢ negativné korelovan s obsahem susiny
a v zaporném vztahu byl rovnéz s pomérem cukri ke kyselindm.

Kli¢ova slova: jablka; Golden Delicious; skladovani; rozbory plodd; hmotnost plodii; pevnost duzniny; vitamin C; cukr; ky-
seliny; vapnik; korelace
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