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ABSTRACT

The aim of the study was to evaluate the influence of 1-methylcyclopropene (1-MCP) treatment and
ultra-low oxygen (ULO) storage conditions on the sensory characteristics of apples. Two apple storage
technologies were tested in this study: cold storage under traditional conditions in combination with 1-MCP
treatment, and ULO storage with two different compositions of a gas mixture. Apples were stored for
6 months. After storage, the sensory characteristics were analysed. Sensory evaluation showed that storage
technology affected the sensory characteristics and panelists’ acceptability. Distinctive differences were
found between apples stored under controlled atmosphere and traditional conditions. Trained panelists
highlighted that samples stored under controlled atmosphere had pronounced juiciness and color, while 1-
MCP-treated apples stored in cold were sweeter and more aromatic. Apples of the autumn cultivar ‘Auksis’,
was perceived considerably higher after harvest and before long-term storage, compared with other culti-
vars. During 6 months of storage in controlled atmosphere, the sensory quality of these apples remained
intact. Also, the sensory quality of fruit of the winter cultivar ‘Sinap Orlovskij’ throughout 6 months of its
storage in controlled atmosphere remained intact. Besides, it was noticed that apples stored in controlled
atmosphere were juicier and more aromatic with intense color. There is a positive effect of 1-MCP treatment
on maintenance of apple quality stored in normal atmosphere for 6 months. With regard to some quality
parameters and sensory attributes, 1-MCP-treated apples stored under normal atmosphere are comparable
to those stored under ULO conditions.
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INTRODUCTION Sugars, organic acids and phenols are the cru-
cial compounds that determine the formation of fruit
aroma through metabolic processes during ripening,
harvest and post-harvest storage of apples, and are
particularly affected by cultivar and storage technol-
ogy (Ackermann et al. 1992; Boylston et al. 1994).
Storage under controlled atmosphere sup-
presses the degenerative processes that trigger the

The apple fruit quality is usually characterized
by the appearance, size, shape and skin color
(Rutkowski et al. 2008). Cultivar, type of rootstock,
soil and fertigation management and irrigation re-
gime play a significant role in determining the pre-
and post-harvest fruit qgallty (I-(ﬁh-n et_al.'2011). senescence of fruit, resulting in extension of storage

However, the main qualitative indicators of qration. However, storage in controlled atmos-
fruits are firmness and aroma (Awad & De Jager  phere can significantly suppress the formation of
2003; Aaby et al. 2002), and sweetness (Galmarini  ypolatile compounds, particularly those responsible
et al. 2012). According to Milosevics et al. (2009),  for formation of a desirable aroma in apples, result-
consumers’ choice (eating quality) of apples is de- ing in a decrease in the sensory quality of apples
termined by aroma, taste and firmness. (Boylston et al. 1994; Brackmann et al. 1994).
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According to Raffo et al. (2009), the shelf-life
of apples can be extended using controlled atmos-
phere storage; however, this technology and ultra
low oxygen (ULO) can suppress the production of
aroma compounds, a key contributor to the flavour
of apples. Ciesa et al. (2013) indicated that ULO
technology alters the production of volatile organic
compounds (VOCs), which, among others, are im-
portant for aroma attributes. Hence, this storage
technology impairs the sensory aspects of fruits.

Kruczynska and Rutkowski (2006) reported
that firmness, soluble solids, and total acid content
of the cultivars ‘Rajka’, ‘Rubinola’ and ‘Topaz’
fruit, did not differ significantly as a result of stor-
age in normal or controlled atmosphere.

Synthetic regulator 1-methylcyclopropene
(1-MCP) has been shown to bind to the ethylene
receptors and prevent the physiological action of
ethylene (Sisler et al. 1996; Sisler & Serek 1997).
Several apple cultivars have been tested for their
responses to 1-MCP, and in all cases, 1-MCP was
found to delay softening and loss of acidity, and
decrease ethylene production. Important factors
concerning the efficacy of 1-MCP treatment are:
1) its concentration, time and temperature de-
pendency; 2) the concentration required to inhibit
ripening varies with the type of fruit and the stage
of ripening at the time of treatment; and 3) alt-
hough common opinion accepts that 1-MCP bind-
ing to the ethylene receptor is irreversible, Blank-
enship and Dole (2003) and Pre-Aymard et al.
(2005) reported the regeneration of binding recep-
tors in some flowers and tomato fruit, which can
render 1-MCP treatment ineffective. Although 1-
MCP is very effective as a tool to maintain fruit
quality, during long-term storage, the inhibition
of the physiological action of ethylene makes apples
more difficult to ripen, which adversely influences
the sensory quality of the fruits (Calvo 2010).

The aim of the study was to evaluate the influ-
ence of 1-MCP treatment and ULO storage condi-
tions on the sensory characteristics of apples.

MATERIALS AND METHODS

The study was carried out for two successive
storage seasons (2012/2013 and 2013/2014) at the

Experimental Processing Department of the Latvia
State Institute of Fruit-Growing (currently the Insti-
tute of Horticulture, Latvia University of Agricul-
ture) in Dobele. The analyses of apples during each
season were performed at harvest and after 6 months
of storage.

The following apple cultivars were chosen for
the experiment — autumn cultivars: ‘Auksis’,
‘Orlik’, ‘Gita’; and winter cultivars: ‘Antej’, ‘Belo-
russkoje Malinovoje’, ‘Sinap Orlovskij’ and ‘Zarja
Alatau’. All apple trees were grafted on the root-
stock B9 and grown under the same conditions in
the orchard run in an integrated system. Plants were
treated twice a year with 6 kg-ha* CaCl,. In the first
season, the first application was carried out on July
17, and the second on July 29; and in 2013, the first
application was carried out on July 13, and the sec-
ond on August 1. In both seasons, the apples were
harvested twice within an interval of 4-6 days. Rip-
ening stage of the fruit was assessed by starch index
using the starch iodine test and Streif index (SI)
F/(R x S) (Streif 1996), where F is the firmness in
kg-cm?, R the soluble solid content (TSS) in °Bx,
and S is the starch index (on a scale from 1 to 10).
The harvested fruits met the requirements for fruits
intended for long-term storage in Latvia (Drudze
2003; 2006)

Shortly after harvesting, the apples were air-
cooled for 24 h in a cooling chamber at 4 °C +
0.5 °C. Forty fruits (about 6 kg) were sampled per
cultivar per treatment per storage technology. Then
the samples were placed in polypropylene boxes
with perforated walls. The cooled apples were di-
vided into four groups for post-harvest storage: 1)
cold storage — control, apples were stored under nor-
mal atmosphere (air) conditions — called ‘cold stor-
age conditions’ (CS); 2) cold storage + 1-MCP-
treated apples stored in air — called ‘cold storage +
1-MCP treatment’ (CS_1-MCP); 3) ULO1 — CO>
2%, O 1%; and 4) ULO2 — CO; 2.5%, O, 1.5%. For
ULO storage Fruit Control Equipment s.r. I., FCe
Industry, (Triulzi, Italy). All samples were stored at
a temperature of +2 °C + 1 °C and relative air hu-
midity of 85%. Treatment with ethylene inhibitor 1-
MCP (purchased from Rohm and Haas Company,
Milan, Italy) was performed in an airtight fruit pro-
cessing container.
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SmartFresh™, a powdery substance releasing
1-MCP, was dissolved in warm water at +50 °C + 2 °C
in a ratio of 1 : 30 to a concentration 0.625 pul-dm?,
according to Wawrzynczak et al. (2007). Treatment
with 1-MCP was performed at a temperature of 4 °C
+ 0.5°C in a gas-tight container for 24 h. After
treatment, the fruit samples were stored in cold stor-
age under normal atmosphere conditions.

Physical and chemical analyses

Flesh firmness was measured on two opposite
sides of each apple fruit using a digital penetrometer
(model TR 53205, Italy) equipped with an 11 mm
diameter probe; the results were expressed in kg-cm.

Titratable acidity (TA) was determined using
the standard method LVS EN 12147:2001 and
quantified by titration of 1 ml of juice (automatic
titration DL 21; Mettler Toledo, Greifensee, Swit-
zerland) with 0.1 M NaOH to an end point at pH
8.1; the expended amount of NaOH was expressed
as the percentage of malic acid.

TSS was determined using the standard
method LVS EN 12143:2001. Ten fruits of each
cultivar were selected and processed with a hand
blender Bamix® (Switzerland), into puree, for
which the content of soluble solids (in °Bx) was de-
termined using a digital electronic refractometer
(type Pal-1, ATAGO, Tokyo, Japan). TSS/TA ratio
was also calculated as the quality index.

Starch iodine test is based on the reaction of
iodine with starch and is expressed by specific blue
coloring. During comparison, only the sizes and
proportions of the colored field were evaluated, but
not the coloration intensity or the color tone. The
standard scale range is 1-10 points, where 1 indi-
cates clear blue (unripe apples) and 10 denotes the
starch has broken up and the apple remains untan-
gled (Lopez-Camelo 2004). An immature apple will
have a relatively high amount of starch and will
stain blue. As the fruit matures, it will show less
blue staining, as the starch gets converted into sugar.

Sensory evaluation

Fifteen well-trained panelists (5 men and 10
women), aged between 25 and 50, participated in
the current study. The sensory attributes of apples
were evaluated using Line scale evaluation accord-

ing to the standard method 1SO 4121:2003 — Sen-
sory analysis — Guidelines for the use of quantitative
response scales. Each sample was coded randomly
with three digit numbers to reduce any possible bias.
The panelists were provided with five slices of ap-
ples from every experimental sample and asked to
score them for different sensory attributes. To avoid
unwanted browning, the apples were cut just before
being served and placed on each serving tray in
a randomized order. To evaluate the overall accept-
ability of the apple (external quality), whole uncut
apple sample was also provided with the slices. To
evaluate the sensory attributes such as color, aroma,
taste, acidity, sweetness and juiciness, all apple
samples were assessed using a 12-point Line scale,
where 12 denotes ‘like extremely,” 6 denotes ‘nei-
ther like nor dislike’ and 0 denotes ‘dislike ex-
tremely.’

Statistical analysis

Data analysis was carried out using the Gen-
eral Linear Model functions in the IBM® SPSS®
statistical programme 20.0 (SPSS Inc., Chicago, IL,
USA) and Microsoft Office Excel 2007 (Redmond,
WA, USA). The obtained data were analysed using
descriptive statistics. Significant differences were
determined by Least Significant Difference criteria.
Mean and standard deviation values were calculated
for all parameters.

In order to compare sensory characters, data
obtained using Line scale, were processed by Pan-
elCheck V1.4.2 programmed by Oliver Tomic and
Henning Risvik software using principal component
analysis (Nas et al. 2010).

RESULTS AND DISCUSSION

Physical and chemical parameters at the time of
harvest

The aim of the current study was to evaluate
the fruit quality based on the physical and chemical
changes occurring within 6 months of storage under
different conditions. Data presented in Tables 1 and
2 solely and only serve as the information to readers
about the physical and chemical parameters at the
time of harvesting. These data were used for calcu-
lation of SI.
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Table 1. Physical and chemical parameters of apples aimed to determine the optimal harvesting time

HarVGSt_ Firmness (kg-cm™) Soluble solids content (°Bx) Total acid content (%)
Cv. Ingterm
2012 2013 2012 2013 2012 2013

Autumn cultivars

A 1 9.40%+1.92 6.45P+0.23 11.27%40.18 11.60%0.12 0.622+0.03 0.84%+0.01
2 6.55°+0.78 6.23+0.54 11.57%0.33 13.16"+£0.26 0.47°+0.01 0.84%+0.02

o 1 8.49%42.79 6.40°+0.23 11.04%40.10  12.44%0.16 0.83%+0.04 0.84%+0.03
2 5.00°+0.45 6.09°+0.60 11.26%:0.29 12.97°+0.11 0.48"+0.00 0.63+0.05

G 1 6.07°+0.64 6.46P+0.48 10.44%£0.14  12.65°+0.16 0.95°+0.04 1.31°+0.05
2 5.34°+0.47 6. 9°+1.06 10.75%0.25 13.68°+0.12 0.75%+0.02 1.18°+0.00

Winter cultivars

AN 1 6.44P+0.64 7.14P+0.46 11.14%440.17 10.87%+0.16 0.66%:0.03 1.17°+0.00
2 6.32°+0.94 6.72°+0.51 11.5740.07 13.72°40.11 0.66%0.01 0.872+0.00

BM 1 8.64%1.27 6.870+0.46 9.26+0.27 10.53%+0.19 0.81°+0.04 0.98%+0.04
2 6.770+1.42 6.56+0.60 10.18°+0.24  11.19%0.22 0.75%+0.03 1.09%¢+0.00

50 1 8.81%1.19 8.14%1.32 11.1284+0.14  10.48%0.08 0.82°+0.03 1.09%¢+0.00
2 8.64%+1.33 7.64°+0.64 11.84%+0.17 10.5240.14 0.772+0.02 1.13%+£0.00

2 1 6.920+0.63 7.17°+0.83 12.08%+0.35 11.75%40.08 0.68%0.01 1.06%+0.04
2 6.05°+0.94 6.43°+0.55 12.40%40.23 12.35°+0.05 0.65%0.01 1.09%¢+0.08

Notes: Cultivars: A — ‘Auksis’; O — “‘Orlik’; G — “‘Gita’; AN — ‘Antej’; BM — ‘Belorusskoje Malinovoje’; SO — ‘Sinap
Orlovskij’; ZA — “Zarja Alatau’
The different letters in the same column represent significant differences between mean values with standard deviation
(+) by the LSD at the 0.05 level.

Table 2. The parameters characterizing the maturity stage of apples

Cultivar Har\{est- Harvesting date lodine-starch test (1-10) Streif index
ing time 2012 2013 2012 2013 2012 2013
Autumn cultivars
A 1 06/09 10/09 5.00%4 3.50% 0.16* 0.162
2 11/09 14/09 550 6.50%8 0.10°* 0.07°A
0 1 06/09 10/09 4.00%A 3.50% 0.19%4 0.15%4
2 11/09 14/09 4,50 6.20"8 0.09%A 0.08>
G 1 06/09 10/09 5.00% 6.30% 0.1184 0.084
2 11/09 14/09 5.40° 6.40%8 0.1284 0.07%
Winter cultivar
AN 1 28/09 14/09 4504 6.10% 0.1284 0.1184
2 03/10 21/09 5.00% 7.00%8 0.10*4 0.07°A
BM 1 28/09 14/09 5.00%4 3.70%® 0.18 0.18%
2 03/10 21/09 5.00% 5.90%8 0.13% 0.10°A
o 1 28/09 21/09 4.00%A 4,004 0.1924 0.1924
2 03/10 26/09 480" 4.30%8 0.15%* 0.1724
7A 1 10/10 26/09 45024 4302 0.1224 0.14%4
2 16/10 02/10 6.70° 6.60°" 0.07° 0.08>

Notes: Cultivars: A — ‘Auksis’; O — ‘Orlik’; G — ‘Gita’; AN — ‘Antej’; BM — ‘Belorusskoje Malinovoje’; SO — ‘Sinap
Orlovskij’; ZA — ‘Zarja Alataw’

Mean value with standard deviation (£) for the same cultivar and year followed by different small letters are signifi-
cantly different by the LSD at 0.05 level (differences between harvesting time).

Mean value with standard deviation (+) for the same cultivar and time of harvesting followed by different capital
letters are significantly different by the LSD at 0.05 level (differences between year).

Red color of the numbers presented in table means recommended value for apple harvesting that subsequently will be
kept in cold storage according to Drudze (2003; 2005).
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The firmness of apples is dependent on the de-
gree of ripeness, place of growth, weather condi-
tions and cultivar. The firmness decreases during
fruit ripening; therefore, for all cultivars, the highest
firmness was observed before storage; storage tech-
nology significantly affects the firmness of the ap-
ples (Képcke 2015).

In 2012, the firmness and Sl of cultivar ‘Auk-
sis” differed significantly between the harvesting
times (40 £ 1.92 kg-cm?2 in the first and 6.55 +
0.78 kg-cm in the second) before storage (Table
1), and the Sl values were 0.16 and 0.10 (optimal
values) (Table 2). In 2013, the firmness was equal
during both harvesting times (6.45 = 0.23 in the first
and 6.23 + 0.54 kg-cm in the second), whereas the
Sl values were significantly different (0.16 and 0.07).

The content of soluble solids in the fruit of cul-
tivar ‘Auksis’ before storage was almost equal for
both harvesting times of 2012 (11.27 + 0.18 in the
firstand 11.57 + 0.33 in the second °Bx) and signif-
icantly different for 2013 (11.60 £ 0.12 in the first
and 13.16 + 0.26 in the second °Bx) (Table 1).

The main acids in apples are malic acid, citric
acid and tartaric acid, and their levels depend on the
cultivar and the degree of ripeness. During ripening,
the level of acids in apples decreases due to the ac-
tivity of endogenous enzymes. The total content of
acids in cultivar ‘Auksis’ differed between the har-
vesting times (0.62 £ 0.01% in the first and 0.47 +
0.04% in the second) (Table 1). However, the total
acid content in apples collected in the year 2013 was
the same for both harvesting times (0.84%).

The chemical composition of the fruit and the
degree of ripeness define the optimal harvesting
time. Inadequate harvesting time decreases the stor-
age possibility and the quality of fruits. Unripe ap-
ples respire more intensively during storage, which
causes substantial moisture loss or softening,
whereas overripe fruits have poor quality and low
nutritional value; they are also sensitive to low-tem-
perature injuries (+2 °C) and their storage time
should be limited. Therefore, in this study, two ma-
ture stages of each apple cultivar were tested to op-
timize the harvesting protocol.

Drudze (2003; 2005) defined and recom-
mended the harvesting parameters for keeping the
apples in cold storage based on starch iodine test

and Streif ripening index. According to Riekstina-
Dolge (2014) and Krasnova (2013), the optimal
starch iodine test should be from 5 to 7.

The Sl value obtained for cultivar ‘Auksis’
showed that in both years of investigation, it was
closest to the advised optimal value (0.16-0.10),
with the exception of the results from the second
harvesting time in the year 2013 (0.07) (Table 2).
The Sl value of cultivars ‘Orlik’ and ‘Gita’ in both
years of testing was closer to optimal value during
the first harvesting time (0.19-0.15 and 0.12-0.07,
respectively). The maturity stage of winter cultivar
‘Antej’ corresponded to the optimal value of Sl
(0.12-0.10). The cultivar ‘Belorusskoje Malinovoje’
achieved the optimal value of Sl during the second
harvesting time in the year 2013 (0.10). The SI
value of cultivar ‘Sinap Orlovskij’ apples showed
that it was closer to optimum during the first har-
vesting time (0.19). Apples of cultivar ‘Zarja
Alatau’ had insignificant difference (p>0.05) in SI
value between both study years and harvesting
times; however, the index was closer to the optimal
value during the second harvesting time (0.08-0.07).

For cold storage in air, both with and without
1-MCP treatment, the recommended Sl value for
autumn apple cultivars was 0.07-0.12, whereas for
apples stored in ULO, it was 0.08-0.19. For winter
cultivars, the recommended Sl value for the cold
storage, both with and without 1-MCP treatment,
was 0.07-0.17, but for storage in ULO chambers, the
Sl value was 0.10-0.19.

Sensory evaluation of apples using Line scale

Principal component analysis was performed
on the sensory data of the seven analysed apple cul-
tivars that had been stored for a long term under dif-
ferent conditions (Fig. 1A — autumn cultivars; Fig.
1B — winter cultivars). PC1 and PC2 together ex-
plain 79 and 57% of the samples’ variance, respec-
tively. As can be seen in Figure 1A, clear separation
(top left square) of cultivar ‘Auksis’ apples (A_B —
before storage) is observed and those samples are
kept separate from other apple samples. These apple
samples were characterized as fruits with the most
pronounced juiciness. However, as can be seen,
a clear separation was also achieved between sam-
ples stored under ULO conditions and those kept
under cold storage conditions.
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Fig. 1. Biplot presents the scores and loadings of the first
two principal components of apple sensory data for the
first harvesting time of the season 2012/2013 (A - au-
tumn cultivars; B — winter cultivars)

Notes: Letters represented in the figures indicate the
types of storage: B — before storage, CS — cold storage,
CS_1-MCP - cold storage + 1-MCP treatment, ULO1 —
controlled atmospheric conditions 1, ULO2 — controlled
atmospheric conditions 2; Cultivars: A — ‘Auksis’, O —
‘Orlik’, G — “Gita’, AN — ‘Antej’, BM — ‘Belorusskoje
Malinovoje’, SO — ‘Sinap Orlovskij’, ZA — ‘Zarja
Alatau’; Attributes: C — color, A —aroma, T — taste, AC
— acidity, S — sweetness, J — juiciness; capital letter B —
before storage, number 6 — after 6 months of storage.

ULO storage and 1-MCP treatment are located on
the left side of the plot, but only samples stored for
6 months under ULO conditions were associated
with distinctive juiciness. Moreover, fruits treated
with 1-MCP did not have pronounced sensory at-
tributes. Winter apple samples stored under ULO
conditions had the most pronounced juiciness, while
those kept for 6 months in cold storage as well as
treated with 1-MCP only had a tendency to juiciness
(AN_CS_1-MCP — Antej; ZA_CS — Zarja Alatau).

The apple samples that were kept under cold
storage conditions for 6 months are located at the
top of the plot — ‘Belorusskoje Malinovoje’ (Fig.
1B) — and were described as apples with the most
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Fig. 2. Biplot presents the scores and loadings of the first
two principal components of apple sensory data for the
second harvesting time of the season 2012/2013. (A —au-
tumn cultivars; B — winter cultivars)

Notes: Letters represented in the figures indicate the
types of storage: B — before storage, CS — cold storage,
CS_1-MCP - cold storage + 1-MCP treatment, ULO1 —
controlled atmospheric conditions 1, ULO2 — controlled
atmospheric conditions 2; Cultivars: A — ‘Auksis’, O —
‘Orlik’, G — ‘Gita’, AN — ‘Antej’, BM — ‘Belorusskoje
Malinovoje’, SO — ‘Sinap Orlovskij’, ZA — ‘Zarja
Alatau’; Attributes: C — color, A —aroma, T — taste, AC
— acidity, S — sweetness, J — juiciness; capital letter B —
before storage, number 6 — after 6 months of storage.

pronounced sweetness. Apples of cv. ‘Antej’ also
had a tendency to achieve pronounced sweetness.
Besides, right and on the bottom square located
cluster disclosed that apple samples stored in ULO
tended to be more acidic compared with other apple
samples. Apple samples that were stored for
6 months in controlled atmosphere conditions in
ULO1 and ULO2 (Fig. 1B) are located at the bottom
of the plot, and they were highlighted by the panel-
ists as samples with pronounced aroma (SO_ULO1)
and color (SO_ULO2). Contradictory results were
obtained by Raffo et al. (2009), who reported that
apple storage in controlled modified atmosphere has
both advantages and disadvantages. For instance,
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positive results were obtained with respect to shelf-
life prolongation. However, controlled atmosphere
storage significantly affected the sensory qualities
of the products. Authors revealed that this type of
storage not only delayed the aging process, but also
suppressed the synthesis of VOCs (esters, alde-
hydes, alcohols and terpenes), which are responsi-
ble for the development of fruit aroma.

Results depicted in Fig. 2A and B from second
harvesting time of 2012 disclosed that PC1 and PC2
together explain 80.8 and 57.8% of the samples’
variance, respectively. Also, a clear separation has
been obtained here based on storage conditions. Ap-
ple samples stored under controlled atmosphere
conditions in ULO?2 are situated at a slight distance
from those kept under cold storage conditions (Fig.
2A). Furthermore, apple samples that had been
treated with 1-MCP before long-term storage are
also located on the same cluster as ULO samples
(left square, bottom). Based on the results obtained
by PCA, it becomes evident that only those samples
had a tendency to sweetness. Apple samples such as
A _ULO2and A_CS_1-MCP (situated on the top and
right square of the plot) that were stored for 6 months
tended to be more pronounced in juiciness, taste and
acidity, compared with other apple samples.

Taking into consideration the results that were
obtained from the first year of the study and the sec-
ond harvesting time of winter apple cultivars, one
can conclude that apples that were stored under
ULO conditions are situated on the plot together
with those that had been treated with 1-MCP (Fig.
2B). It should be noted that in all cases of storage,
only those apple samples (AN_ULO1, BM_ULO2
and BM_CS_1-MCP) have a tendency to show
a distinct color. Also, it has been highlighted by
panelists that apple samples that had been treated
with 1-MCP before long-term storage (ZA_CS_1-
MCP and SO _CS _1-MCP) had the most pro-
nounced acidity (located on the top of the plot).

Based on the results that had been obtained in
the second season (2013/2014) of the study (Fig. 3),
it is evident that PC1 and PC2 together explain 89.9
and 57.3% of the samples’ variance, respectively.
Before storage, cultivar ‘Auksis’ had the highest
scores among all apples and were located separately

from the others (situated at the bottom of the plot in
right square) (Fig. 3A).

Several reports focused on the aroma com-
pound profile and evaluation of its synthesis, which
depend on the post-harvest storage technologies and
the treatment types the apples are subjected to. For
instance, Marin et al. (2009) reported that 1-MCP
significantly suppresses the synthesis of volatile
compounds, which, among others, are important con-
tributors to aroma formation. Defilippi et al. (2004)
reported that dramatic inhibition of ethylene ob-
served in fruits treated with 1-MCP caused remarka-
ble reduction or delay in the accumulation of ester
compounds, reaching a level of less than 10%. Au-
thors came to the conclusion that ester compound syn-
thesis is regulated by ethylene in apples. In the current
study, contradictory results have been obtained,
which indicates that, before long-term storage, apples
that were treated with 1-MCP (SO_CS_1-MCP) (lo-
cated at the top of the plot in the right square) were
sweeter and the most aromatic (Fig. 3B).

The same observation was made by Hoang et
al. (2011) who suggested that, during fruit storage,
the ripening processes (such as firmness, yellowing,
respiration and ethylene production) can be de-
layed; therefore, fruits will be more aromatic and
sweeter compared with untreated ones.

Panelists noted that apples of cultivars ‘Sinap
Orlovskij” (SO_ULO1) and ‘Antej” (AN_ULO2)
stored for 6 months under controlled atmosphere
conditions in ULO1 and ULQO2, as well as cultivars
“‘Sinap Orlovskij’ (SO_CS) and ‘Belorusskoje Mali-
novoje’ (BM_CS), which had been kept in cold stor-
age, were more juicy compared with other apple
samples and storage technologies.

On evaluating the results obtained in the sec-
ond season of the study from the second harvesting
time (Fig. 4), it can be noted that PC1 and PC2 to-
gether explain 83.2 and 59.9% of the samples’ var-
iance, respectively. As can be seen in Figure 4A,
a clear separation (top left square of the plot) of cul-
tivar ‘Auksis’ samples (A_B — before storage) is ob-
served from other samples. These apple samples had
been characterized as fruits with the most pro-
nounced sweetness. Furthermore, these apples had
been characterized as fruits with distinctive taste,
aroma and acidity.
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Fig. 3. Biplot presents the scores and loadings of the first
two principal components of apple sensory data for the
first harvesting time of the season 2013/2014. (A — au-
tumn cultivars; B — winter cultivars)

Notes: Letters represented in the figures indicate the
types of storage: B — before storage, CS — cold storage,
CS_1-MCP - cold storage + 1-MCP treatment, ULO1 —
controlled atmospheric conditions 1, ULO2 — controlled
atmospheric conditions 2; Cultivars: A — ‘Auksis’, O —
‘Orlik’, G — “Gita’, AN — ‘Antej’, BM — ‘Belorusskoje
Malinovoje’, SO — ‘Sinap Orlovskij’, ZA — ‘Zarja
Alatau’; Attributes: C — color, A —aroma, T — taste, AC
— acidity, S — sweetness, J — juiciness; capital letter B —
before storage, number 6 — after 6 months of storage.

After 6 months of storage, cultivar ‘Auksis’
apples stored under controlled atmosphere condi-
tions in ULO2, as well as those that before -storage
had been treated with 1-MCP, had retained their
taste, juiciness and acidity (situated at the bottom of
the plot in center). The ‘Orlik’ samples that had
been stored for 6 months under controlled atmos-
phere conditions in ULO1 were characterized as ap-
ples with the most pronounced sweetness and color
(located at the top and center of the plot).

Evaluation of results obtained from second
harvesting time showed that none of the samples
had distinct sensory attributes before long-term
storage (Fig. 4B). However, after 6 months of

Fig. 4. Biplot presents the scores and loadings of the first
two principal components of apple sensory data for the
second harvesting time of the season 2013/2014. (A — au-
tumn cultivars; B — winter cultivars).

Notes: Letters represented in the figures indicate the
types of storage: B — before storage, CS — cold storage,
CS_1-MCP - cold storage + 1-MCP treatment, ULO1 —
controlled atmospheric conditions 1, ULO2 — controlled
atmospheric conditions 2; Cultivars: A — ‘Auksis’, O —
‘Orlik’, G — ‘Gita’, AN — ‘Antej’, BM — ‘Belorusskoje
Malinovoje’, SO — ‘Sinap Orlovskij’, ZA — ‘Zarja
Alatau’; Attributes: C — color, A —aroma, T — taste, AC
— acidity, S — sweetness, J — juiciness; capital letter B —
before storage, number 6 — after 6 months of storage.

storage ‘Sinap Orlovskij’ apples (SO _CS) under
cold storage conditions, they were characterized as
samples with a distinctive color. Samples stored un-
der controlled atmosphere conditions (AN_ULO2)
were most acidic (SO_ULO1) and (SO_ULO2) more
aromatic, but those before long-terms storage
treated with 1-MCP — SO_CS_1-MCP - had a ten-
dency to sweetness.

CONCLUSION
The present study shows that harvest time has

an impact on the physical and chemical characteris-
tics of apples (firmness, soluble solid content and
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TA). In accordance with the panelists’ suggestions,
even after 6 months of storage, fruits are sweeter
and most aromatic, and have a tendency to develop
juiciness and acidity. However, apple samples that
had been stored under controlled atmosphere condi-
tions (ULO1 and ULO2) were rated considerably
higher, compared with 1-MCP-treated apples. Pan-
elists noted that apple samples stored under con-
trolled atmosphere conditions had pronounced juic-
iness, color, aroma and acidity. Among autumn cul-
tivars, ‘Auksis’ apples before long-term storage
were evaluated considerably higher compared with
other cultivars. Moreover, during 6 months of stor-
age in controlled atmosphere conditions, the sen-
sory quality remained intact. Among winter culti-
vars, ‘Sinap Orlovskij’ apples throughout 6 months
of storage in controlled atmosphere retained their
sensory quality. Besides, it was noticed that these
apples were juicier, more aromatic and had inten-
sive color. There is a positive effect of 1-MCP treat-
ment on maintenance of apple quality stored in nor-
mal atmosphere for 6 months. With regard to some
quality parameters and sensory attributes, 1-MCP-
treated apples stored under normal atmosphere are
comparable to those stored under ULO conditions.
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