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Abstract

In this study, the effects of rootstocks on storage life and quality in Gold
Nugget loquat grafted on quince, hawthorn and loquat rootstocks were
investigated. After harvest, fruit were placed in plastic boxes (2 kg) covered
with stretch film and stored for 45 days at 5 + 0.5°C and 90 + 5% RH. Weight
loss, fruit firmness, total soluble solid, titratable acidity, maturity rate,
respiration rate, ethylene production, CO2 and Oz concentrations in package,
skin colour (L*,a*,b*,C*,h°), decay rate and sensory quality of fruit were
determined at 15-day intervals during storage. The same analyzes were
repeated for shelf life evaluation after keeping fruit 2 days in ambient condition
(20°C and 70+5 RH%). Fruit grown on quince rootstock had the best results
for maintaining external appearance, titratable acidity, maturation rate and
vivid skin colour. The lowest decay rate and respiration rate during storage
were also obtained from this combination. Quince and loquat seedling
rootstocks had similar results for sensory quality and decay rate. Covering
boxes by stretch film (20 um) reduced the weight loss in the all the
combination of scion/rootstock but, increased pathogens development. These
findings revealed that fruit, obtained from the combinations of Gold Nugget
variety with quince and loquat seedling rootstocks, can be stored with good
quality for 30+2 days at 5°C and 90 + 5 RH%.

1. Introduction

Loquat (Eriobotrya japonica Lindl.), belonging to
the Rosaceae family, is a subtropical evergreen
fruit-tree and originated from south-eastern China.
Loquat is grown in the subtropical regions of China,
Japan, India and the Mediterranean countries
(Zhang et al., 1990; Cuevas et al., 2003; Ferreres et
al., 2009; Polat, 2007; Liguori et al., 2017; CABI,
2020). China is the largest loquat producer country
in the world with a production of 650 000 tons
(Zheng et al., 2019) followed by Spain, Pakistan and
Turkey (Caballero and Fernandez, 2003; TUIK,
2019). The chemical composition of fruit and
vegetables may vary depending on the ecological

conditions, variety, cultural practices, harvest time
and post-harvest processes (Cemeroglu et al.,
2001). At the beginning of fruit orchard
establishment, the choosing of appropriate
rootstock is crucial for fruit quality and storage
(Karacali, 2002). The Gold Nugget variety,
determined by selection studies, is recommended
to producers (Tepe, 2013). Bolat and ikinci (2019)
have reported that the rootstocks are used for many
different purposes, and affect the grafted variety for
many characteristics. Seedling rootstock of loquat
(Eriobotrya japonica Lindl.) is used widely
compared to quince (Cydonia oblonga Mill.) and
hawthorn (Crataegus oxyacanthus L.) in Turkey and
worldwide (Polat, 1995; Garcia-Legaz, 2010;
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Bermede and Polat, 2011; M.de Almeida et al.,
2018). There are some studies about the effect of
rootstock on salinity stress in loquat but, no study
could be found with regard to fruit quality and
storage (Lopez-Gomez et al., 2007). Loquat fruit, in
general, are consumed in local markets, because it
can not be exported to overseas markets due to
quality losses during transportation.

Post-harvest losses in fresh fruit and vegetables
have become a serious problem in developing
countries (Warjuki and Sutrisno, 1998). The quality
losses after harvest may be reduced by using
appropriate package and storage techniques. The
storage period of loquat fruit, depending on their
postharvest physiology, is very short in comparison
to other fruit species (Tepe, 2013). Cold storage
technique is applied to protect fruit quality and offer
higher quality products to the consumer (Qui and
Zhang, 1996). The temperature is the most
important limiting factor for the storage period of
fruit. Kahramanoglu (2020) reported that low
temperature (5 to 7°C) was very important in
reducing postharvest losses and extending storage
period of loquat. Most tropical and subtropical fruits
are extremely sensitive to low temperatures due to
chilling injury. Loquat, a subtropical fruit, is also very
sensitive to low temperatures. For example, fruit
stored at 5°C are of higher quality than those stored
at 0°C and moreover, storage at room temperature
can reduce the storage life of fruit by up to 6 days.
(Lin, et al., 1999; Zheng et al., 2000; Ding et al.,
2002; Cai et al., 2006a,b; Song et al, 2016).
Therefore, the cold storage of loquat at low-
temperatures limit its postharvest quality and life
(Cai et al., 2006¢; Xua et al., 2012). The controlled
atmosphere, modified atmosphere and
polyethylene bags give good results for storage of
loquat fruit like other fruit species (Ding et al., 1998;
Ding et al., 2002; Amoros et al., 2003; Ding et al.,
2006). In Turkey, carton boxes are widely used in
the storage and marketing of loquats. Moreover, the
plastic or foam plates covered with stretch film are
also used for loquats in the grocery chain. The
studies about the effect of packaging material on the
storage of loquat fruit are very limited. As far as we
know, there is no detailed study evaluating the
effects of rootstocks on the fruit quality and cold
storage of loquat. In this study, the effects of
different rootstocks on storage life and quality of
loquat fruit cv. Gold Nugget were investigated.

2. Material and Method
2.1. Material

This study was carried out with 16 years old Gold
Nugget loquat trees grafted on loquat seedlings
(Eriobotrya japonica Lindl.), quince (Cydonia
oblonga Mill) and hawthorn (Crataegus
oxyacanthus L.) rootstocks in Antalya/Turkey.

2.2. Method

The fruit were picked at optimum harvest time
(the greenness of the fruit completely disappeared,
which was considered as the mature stage)
(Ferreres et al.,, 2009). Harvested fruits were
transferred to laboratory immediately (within one
hour), and foreign parts and injured fruits were
removed. After homogenization and visual
examination, fruit were divided into two lots. The
first group was packaged (each containing 25 fruits)
in plastic boxes (2 kg) covered with 20 um thick
stretch film (STHF) [O2 permeability 15300 + 20%,
CO2 permeability 78000 + 20%, N2 permeability
11000 £ 10% (cm® m-~24hbar?) at 38°C and 90%
relative humidity]. Second (control) group loquats
were placed in same packaging materials without
covering STHF. Packaged fruits were stored at5 C
and 90 * 5% relative humidity (RH) for 45 days
(Chong et al., 2006). All treatments and packaging
procedures were carried out under sanitary
conditions in the laboratory. After cold storage, fruit
were kept at 20°C and 70 £ 5% RH for 2 days for
shelf-life evaluation. The following chemical and
physical analyses were performed at 15-day
intervals during cold storage and shelf life.

Weight loss of fruit was measured based on the
initial weight and calculated as percent (%) during
storage. The weight of each sample group was
measured at each analysis day (0, 15, 30 and 45)
at the end of cold storage and shelf life. Weight loss
during shelf life was calculated from the difference
between the initial and final sample weight as
percent (%).

The fruit firmness (FF) was measured by Fruit
Pressure Tester using stainless steel probe (width:
5 mm) and expressed a Newton (N).

The soluble solid content (SSC) of fruit juice was
determined with a refractometer (Digital-Atago
Pocket PAL-1) and expressed a percent. For
titratable acidity (TA), fruit juice (10 mL) was titrated
with 0.1 N sodium hydroxide up to pH 8.1, and
results were expressed as percentage.

Maturity rate was calculated by rating of SSC to
TA (SSC/TA). Skin colour was measured with a
colorimeter (Minolta CR- 400). The colour was
evaluated according to the CIE L* (represents
brightness-darkness changing from 0 to 100), a*
(represents the degree of red-green colour; + a*:
red, — a*: green), b* (represents the degree of
yellow—blue colour; + b*: yellow, — b*: blue), C*
(represents vividity of color) and h°® (represents
perceived color) system. The chroma (C*) and hue
angle (h°) values were calculated by the following
formulas; h° = tan? (b* a*1), C* = [ (a*)2 + (b*)2 ]2,
(Koyuncu et al., 2019).

Ethylene production and respiration rate were
assessed according to the procedure described by
Ding et al. (1998) using Finnigan Trace GC Ultra
(Model: KO72389201000). Results were calculated
as uL ethylene kg?h? and ml CO2kg?h? for
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Table 1. Changes in weight loss (%), firmness (N), soluble solids content (%), titratable acidity (%) and maturity rate of
loquat fruits depending on rootstock, stretch film and storage time during cold storage and shelf life

SD Mean of Mean
RS T 5 15 1512 30 30+2 45 15+2 RSIT  ofRs MeanT
loquat STHF - 080 134 116 229 167 300 17la ... SIHF
WL Control - 472 907 1045 1332  10.36 13.82 10.29b 1.72A
) Hawthom STHF - 045 115 131 243 224 251 1682 o0
Control - 339 539 799 963 1040 1068 7.91b Control
. STHE - 043 177 145  3.04 130 254 176a
Quince  conol - 399 789 660 1325 865 1327 894p  >3°B 9058
Mean of SD - 229A 444B 483B 733D 577C 7.64D
loquat  STHF 2187 2560 2658 2628 2589 2815 306  2038NS ,o .. STHF
Control 21.87 2089 2932 2648 2608 2932 27.75 2599 NS 25.50 NS
STHE 2383 27.75 2177 2442 2579  26.67 2864 2561b Control
'(:,\'l:) Hawthom ool 2383 2589 3020 27.26 2569 2609 2942 2697a 2028A
unce STHF 2000 2265 2226 2893 2354 254 2265 2383b L, 1,0 secons
Control 2000 2580 26.38 27.75 21.67  25.69 253  246la
Mean of SD 21.87D 24.81C 266B 26.87A 2481C 2687 A 27.36 A
loquat STHF 1090 933 087 860 8.0 980 747  930a o SIAF
Contol 1090 1033 1040 920  10.83  11.93 887  1035b ¥ 9.76 A
STHE 888 1043 1113 1373 10.67 795  7.62  10.02NS
G0 oo Conol 88 1047 dois mar oo 8@ gis araNs *PR cowo
Quince  conol 1082 1040  10.67 1113 10.63 992 865  10.32Ns 10158 10.14B
Mean of SD 10.20C 9.98C 10.74D 11.04D 9.86C 9.42B  8.40A
loquat  STHF 076 048 050 046 045 042 034 049a - SIHF
Control 076 040 043 037 042 037 036  045b 0.51 NS
STHE 075 048 054 039 050 022 030  045NS
(Toz) Hawthorn ool 0,75 0.44 047 042 0.43 0.24 0.42 045Ns  %4°B control
ounce STHF 086 077 077 061 056 029 028  059NS oo ooons
Control 086 073 078 047 075 025 037  0.60NS
Meanof SD 0.79A 055C 058B 046E 052D 030G 0.34F
loquat | STHF 1504 2528 2377 2579 2346 2386 1061 2240b ,, .~ STHF
Control 1504 2573 2927 2175 3183 3035 2585 2569a : 21.38 B
venthom STHF 1436 1964 1094 2101 1802 2363 2179 1977b . oo
MR Control 1436 26,09 2408 2482 2584 3238 2476 2462a Control
. STHE 1251 1204 1598 1853 1426 2985 3494 19.73NS
Quince  contol 1251 1426 13.75 2338 1452 3911 2340 2013Ns 1993C 2278A
Mean of SD 12.89D 19.63C 19.42C 25.05B 20.05C 32.59 A 24.93 B

SD: Storage day; T: Treatments; STHF: Stretch film; RS: Rootstock; WL: Weight loss (%); FF: Firmness of the fruit (N); SSC: Soluble
solids content (%); TA: Titrable acidity (%); MR: Maturity rate. NS represents non-significance; Means followed by different letters within
the same column are significantly different (p<0.05). Capital letters show the differences among overall averages and lower case letters
represent the differences among the averages for each rootstock/stretch film combinations.

ethylene production and respiration rate,
respectively. CO2 value (%) in the plastic package
was measured with a gas analyser (Buhler IR-
Analysator Typ 3000 Inj.). Oz values (%) in the
package was measured by Servamex Oxygen
Analyzer.

The results were expressed as percentage. The
sensory analysis were performed by evaluation
panel consisted of 10 members of the research staff
who were experienced in sensory analysis of
horticultural crops. The hedonic scale was used for
external appearance and taste (Erbas and
Koyuncu, 2016). External appearance (scale 1-9):
poor quality: 1-3; marketable quality: 3-5; good
quality: 7; excellent quality: 9. Taste (scale 1-9):
very poor: 1; poor: 3; mild: 5; good: 7; excellent: 9.
Determination of fungal agents was assessed
according to the procedure described by Kalyoncu
et al. (2008). The decay rate (%) was calculated by
rating of decayed fruits to the total number of fruits.

The data, obtained from three replicates for each
rootstock, was evaluated by one-way analysis of
variance (ANOVA). The differences among means
(at a significance level of 0.05) were analysed using
LSD (Least Significant Difference) test.

3. Results
3.1. Weight loss

The weight losses (WL) of fruit increased,
regardless of rootstocks and packaging, throughout
the cold storage, and reached to 5.77%. The
highest fruit weight loss was obtained from fruit
grown on loquat rootstock (6.00%) followed by
quince (5.35%) and hawthorn rootstocks (4.80%),
respectively. As with the combination of
rootstock/stretch film, the difference between
averages covered with stretch film (1.72%) and
uncovered (9.05%) was statistically significant
(Table 1).

3.2. Fruit firmness

Fruit firmness (FF) of loquats during storage is
presented in Table 1. The firmness of fruit increased
significantly at the end of storage (26.87 N)
compared to initial value (21.87 N), contrary to
expectations. The FF value of the fruit grown on the
quince rootstock (24.12 N) was lower than those
grown on the loquat (26.18 N) and hawthorn
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rootstock (26.28 N). Stretch film treatments did not
affect the fruit firmness of loquats. According to
mean values of rootstock/stretch film, the loquat
rootstock/stretch film combination did not affect the
FF value of fruit, while the treatments in other
combinations decreased this value.

3.3. Soluble solids content

Soluble solids content (SSC) of fruit, which was
10.20% at the beginning of storage, decreased
significantly at the end of cold storage (9.42%) and
shelf life (8.40%). The effects of both rootstock and
stretch film on SSC were significant. The SSC
measured in the control (10.14%) group was higher
than the fruits covered with stretch film (9.76%). The
average SSC of samples was higher when fruits
were grown on quince rootstock (10.15%)
compared to hawthorn (9.88%) and loquat (9.83%)
rootstocks (Table 1).

3.4. Titratable acidity

At harvest, the titratable acidity (TA) of loquats
changed between 0.75% (hawthorn) and 0.86%
(quince). Acidity contents of loquats decreased
significantly over time in all fruits obtained from
trees grafted on different rootstocks. Stretch film
treatment did not affect the amount of TA but, the
acidity content of fruits grown on quince rootstock
(0.60%) was significantly higher than those of
Loquat (0.47%) and hawthorn (0.45%) rootstocks
(Table 1).

3.5. Maturity rate

Maturity rate (MR) of all treated fruits increased
in parallel with increasing storage period (from
12.89 to 32.59). The MR values of loquats in stretch
film covered boxes were lower compared to control
group in all rootstocks, especially in hawthorn. The
highest maturity rate was obtained from the fruits
grown on loquat rootstock (24.04) followed by the
fruits grown on the hawthorn (22.19) and quince
rootstocks (19.93), respectively. The effects of
stretch film, rootstock and storage periods on MR
were significant (Table 1).

3.6. Respiration rate

There was no statistically significant difference
between the respiration rates (RR) measured at the
end of cold storage and the values determined at
harvest. However, the respiration rate value
(26.14 ml COz2kg™ h™?), determined by keeping the
fruits in room conditions for 2 days, was significantly
higher than the value determined at the end of the
cold storage (23.65 ml CO2 kg™ h1). Stretch film
treatments did not affect the respiration rates.
Respiration rate of fruits grown on loquat rootstock
was remarkable higher (26.97 ml CO2 kg™ h™1) than

other rootstocks (hawthorn: 23.45 and quince:
22.19 ml CO2 kg™ h™?) (Table 2).

3.7. Ethylene production

In cold storage and shelf-life studies, the effects
of rootstock, stretch film and storage period on
ethylene production (EP) were statistically
significant. The maximum ethylene production
(1.55 yL kg*ht) was found at the beginning of
storage. Stretch film treatments significantly
increased the ethylene production. The ethylene
value, which was 1.31 yL kg1 hin control group,
was measured as 1.46 pL kgth?t in stretch film
treatments. The highest ethylene production was
determined in fruits grown on quince rootstock
(1.78 pL kgt h1), while fruits grown on hawthorn
rootstock gave the lowest value (1.03 yL kgth)
followed by fruits grown on loquat rootstock
(1.61 L kgt h1). Rootstock / package combination
had no significant effect on ethylene production
(Table 2).

3.8. Gas composition of the package

The Oz and CO:2 concentrations in the package
were statistically affected by storage time and
rootstock during cold storage. The gas composition
in the package changed during cold storage. The
initial Oz content (21 * 0.1%) of packages
decreased to 10.02% at the 15" day of storage and
changed between 5.81% and 6.77% in the rest of
the cold storage period. The average initial CO:2
concentration increased and reached to a peak
value of 3.19% in the first 30 days of cold storage.
In the shelf life studies carried out by keeping the
fruits in room conditions for 2 days, the Oz and CO:
concentrations increased significantly compared to
the cold storage. The loquat rootstocks gave the
lowest Oz (9.56%) value, followed by quince
(10.36%) and hawthorn (10.56%) rootstocks,
respectively. The lowest CO:2 value (1.97%) was
measured in fruits obtained from quince rootstock
(Table 3).

3.9. Fruit colour

Colour is an important quality parameter in
loquat fruit and directly affects its market value.
Colour changes of loquat fruits during storage are
presented in Table 4. As it can be seen in Table 4,
all fruit skin color values fluctuated, in general, over
time showing differentiations according to cold
storage and shelf life conditions. However, a*, b*
and C* values increased at the end of cold storage
compared to the beginning of storage. Moreover, L*
value decreased, and h° value did not change.
While the C* and a* values decreased significantly,
L* and h° values increased, and b * values remained
the same in fruits kept in room conditions for 2 days
after cold storage. The packaging treatments did not
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Table 2. Changes in respiration rate (ml CO2 kg™ h™*) and ethylene productions (uL kg™ h') of loquat fruits depending on
rootstock, stretch film and storage time during cold storage and shelf life

RS T SD Mean of Mean of Mean of
0 45 45+2 RS/IT RS T
Loquat STHF 26.33 25.32 29.13 26.93 NS STHF
RR Control 26.33 28.23 26.45 27.00 NS 26.97 A 2448 NS
(ml COz2 kg™t h™Y)  Hawthorn STHF 23.16 24.42 26.88 24.82 a ’
Control 23.16 21.93 21.13 22.07b 23.45B Control
. STHF 21.17 22.19 23.66 21.68 NS
Quince  control 2117 19.82 2713 2271NSs 22198  2398NS
Mean of SD 23.55B 23.65B 26.14A
Loquat STHF 1.66 1.62 1.57 1.62 NS 161B STHF
Control 1.66 1.65 1.53 1.61 NS ) 146 A
STHF 1.11 0.94 0.98 1.01 NS ’
WL kE'i ) Hawthorn ool 111 111 0.95 1.05 NS 1.03¢ Control
HL kg . STHF 1.89 1.78 1.63 1.77 NS 1.78 A 131B
Quince Control ~ 1.89 1.81 1.65 1.78 NS : :
Mean of SD 1.55 A 1.48B 1.39C
ST: Storage Time; T: Treatments; STHF: Stretch film; RS: Rootstock (%); RR: Respiration rates (ml CO, kg™ h™); EP: Ethylene

production; (uL kg*h?); NS represents non-significance; Capital letters show the differences among overall averages, and lower case
letters represent the differences among the averages for each rootstock/stretch film combinations

Table 3. Changes in CO2z and Ozratio (%) of loquat fruits depending on rootstock and storage time during cold storage and

shelf life
RS SD Mean of
0 15 15+2 30 30+2 45 45+2 RS
02 (%) Loguat 21.00 8.47 11.67 6.00 4.80 5.90 9.00 9.56 A
Hawthorn 21.00 10.93 9.43 7.97 6.10 4,97 13.53 10.56 AB
Quince 21.00 10.67 9.27 6.33 6.40 7.67 11.13 10.36 AB
Mean of SD 21.00 C 10.02B 10.12B 6.77A 5.80 6.18 A 11.22 B
Logquat 0.03 4,90 4.90 3.17 2.50 3.63 2.53 2.87 A
CO2 (%) Hayvthorn 0.03 2.27 2.27 1.90 5.60 3.07 4.93 3.03A
Quince 0.03 2.30 2.30 4.50 2.10 1.93 2.07 1.97B
Mean of SD 0.03C 316 A 3.16A 3.19A 3.40 2.88AB 3.18A

SD: Storage day; RS: Rootstock; O,: Oxygen ratio (%); CO,: Carbondioxide ratio (%); NS represents non-significance; Capital letters
show the differences among overall averages. and lower case letters represent the differences among the averages for each

rootstock/stretch film combinations

have an effect on the L* value. However, the a*, b*,
C* values increased, and the h°® value decreased
depending on packaging. Rootstocks had no effect
on h° value but, L*, a*, b*, C* values were higher in
fruits grown on quince rootstock compared to those
grown on other rootstocks.

3.10. Decay rate

Decay rate (DR) was statistically affected by
storage time, rootstock and stretch film during
storage. While there was no decayed fruit on the
15" day of cold storage, the decay rate on the 45t
day was 16.67%. Keeping fruits at 20°C and 70 +
5% relative humidity for 2 days for shelf life
evaluation and applying stretch film significantly
increased decay rate. The highest decay rate was
determined in fruits (9.76%) grown on hawthorn
rootstock followed by loquat (8.41%) and quince
rootstocks  (7.46%), respectively (Table 5).
Phytophthora spp. has been identified as a fungal
agent causing infection in fruits.

3.11. Sensory analysis

Storage time and rootstocks significantly
affected the external appearance and taste of fruits

during cold storage and shelf life period. The
external appearance and taste scores of fruits
decreased in cold and room conditions, as the
storage time increased. Fruits with good quality
(score = 7) were only obtained on the 30" day of
storage. While the highest external appearance
score (7.06) was obtained from fruits grown on
quince, loquat rootstock gave the highest taste
score (6.79). The lowest external appearance and
taste scores (6.30 and 5.95, respectively) were
obtained from fruits grown on hawthorn rootstock
during storage (Table 6).

4. Discussion

Weight loss of horticultural product is a crucial
commercial parameter for storage as it directly
refers to the decrease in product weight (Bult¢ and
Koyuncu, 2020). In the present study, the weight
loss of fruits increased with prolonged storage
duration. This change was higher in shelf life
condition in comparison with cold storage as
expected (Table 1). It is known that, the main
reason for increasing of weight loss is water loss
from the fruit throughout the storage period. The
shelf life of loquat is very short due to its high water
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Table 4. Changes in L*. a*. b*. h® and C* values (CIEL* a*b*) of loquat fruits depending on rootstock, stretch film and
storage time during cold storage and shelf life

SD Mean of Mean of
RS T 0 15 15+2 30 30+2 45 45+2 RS/T R MeanofT
Loguat STHF 54.79 54.95 60.29 63.00 61.29 56.82 58.39 58.50 b 59.26 B STHF
Control 58.61 58.61 60.95 64.98 62.34 57.31 57.25 60.01 a 60.00 NS
Hawthorn STHF 58.10 58.10 60.64 61.71 6143 5285 60.64 59.07b 59.61B '
L* Control 58.59 58.59 60.69 63.26 60.58 58.71 60.69 60.16 a Control
Quince STHF 56.86 60.57 60.71 67.03 62.35 54.40 59.78 60.24 b 60.79 A 59.77 NS
Control 57.98 61.96 60.68 67.89 6197 57.07 61.76 61.33a '
Mean of SD 57.49 E 58.80D 60.66 BC 64.64 A 61.66 B 56.19 F 59.75 C
Loquat STHF 24.07 23.48 24.69 23.63 2540 27.69 23.49 2472a 23.42B STHF
Control 23.35 21.33 20.96 20.41 22.84 2538 18.61 22.13b 24.37 A
Hawthorn STHF 22.99 21.86 24.27 21.69 2427 2474 23.42 23.48 NS 23.36 B
a* Control 23.92 22.30 22.03 22.66 22.03 26.39 21.69 23.24 NS Control
Quince STHF 22.91 22.25 26.69 2399 2753 2462 25.73 2491a 2422A 22968B
Control 23.53 22.62 23.35 23.48 23.96 2542 21.42 23.53b
Mean of SD 23.46 CD 22.28D 23.67C 22.64D 24.34B 25.71 A 22.39D
Loquat STHF 47.60 45.67 46.92 4576 4556 49.80 49.81 47.30 a 45.69 B STHF
Control 40.45 40.72 44,99 41.35 4521 47.30 48.53 44.08 b : 4652 A
Hawthorn STHF 41.16 44.27 47.02 38.86 47.02 47.05 47.94 4476 b 4557 B ’
b* Control 44.85 46.27 45.47 45.16 4547 50.91 46.60 46.39 a ’ Control
Quince STHF 47.50 46.12 47.81 42.74 47.86 50.65 49.71 47.49 NS 46.94 A
Control 46.04 46.65 44.16 44.67 45.76 50.86 46.56 46.39 NS ' 45.62 B
Meanof SD 44.60C 4495BC 46.06 B 43.09D 46.15B 49.43 A 48.19 A
Loguat STHF 63.13 62.13 62.23 62.72 60.84 60.81 64.73 62.37b 62.81 NS STHF
Control 60.04 60.02 64.99 63.77 63.20 61.75 69.03 63.26 a : 62.29 B
Hawthorn STHF 60.80 62.47 62.68 60.75 62.67 64.11 63.94 62.49b 63.02 NS '
h° Control 61.83 62.66 64.23 63.39 64.20 63.46 65.11 63.55 a ’ Control
Quince STHF 64.19 63.57 60.83 60.66 60.09 62.17 62.64 62.02 b 62.50 NS
Control 62.90 63.24 62.13 62.28 62.37 62.62 65.28 62.98 a : 63.26 A
Mean of SD 62.15B 62.35B 62.85B 62.26 B 62.23 B 62.49B 65.12 A
Loquat STHF 53.35 51.65 53.02 5151 52.16 57.04 55.08 53.40 a 51.40 B STHF
Control 46.72 47.02 49.64 46.13 50.67 53.70 51.98 49.41b ’ 52.54 A
Hawthorn STHF 47.14 49,91 52.92 4453 5292 53.18 53.37 50.57 NS 5124 B
C* Control 50.85 52.09 50.56 50.53 5055 57.34 51.43 51.91 NS : Control
Quince STHF 52.76 51.52 54.76 49.02 55.22 56.36 55.98 53.66 a 5284 A
Control 51.71 52.26 49.97 50.47 5166 56.88 51.25 52.03 b ’ 51.11B
Mean of SD 50.42 D 50.74CD 51.81 BC 48.70E 52.19B 55.75A 53.18 B

SD: Storage day; T: Treatments; STHF: Stretch film; RS: Rootstock (%); L: Lightness; a* red; b*: yellow; C*: Chroma; h°: Hue angle
NS represents non-significance; Capital letters show the differences among overall averages. and lower case letters represent the
differences among the averages for each rootstock/stretch film combinations.

Table 5. Changes in decay rate (%) of loquat fruits depending on rootstock, stretch film and storage time during cold
storage and shelf life

SD

RS T 15 152 30 3012 45 1500 Mean of RS/T Mean of RS Mean of T
Loquat STRF 0.00 2.86 3.81 11.43 19.05 20.00 9.52 NS 8.41 AB STRF

Control 0.00 0.95 2.86 6.66 16.19 17.14 7.30 NS 10.64 B
Hawthorn STRF 0.00 2.86 381 6.67 30.48 31.43 12.54 b 9.76 B

Control 0.00 2.86 0.95 476 16.19 17.14 6.98 a Control
Quince STRF 0.00 0.95 1.91 10.48 10.48 35.24 9.84b 7.46 A

Control 0.00 0.00 0.95 3.81 7.62 18.09 5.08 a 6.45 A

Meanof SD 0.00A 1.74A 238A 7.30B 16.67C 23.18 D

Table 6. Changes external appearance and taste of loquat fruits depending on rootstock, stretch film and storage time
during cold storage and shelf life

RS T ) 15 1512 SOSD 30+2 75 1510 Mean of RS/T Mean of R Meanof T
Loquat STRF  8.47 8.60 8.00 6.80 6.13 5.13 5.47 6.94 NS 6.99 A STRF
Control 8.47 8.00 8.20 7.13 6.13 5.80 5.47 7.03 NS 6.84 NS
Hawthorn STRF 7.87 7.73 7.37 7.63 5.80 4.13 4.47 6.43 NS 6.30B
EA Control 7.73 7.53 8.07 7.80 3.93 4.93 3.27 6.18 NS Control
Quince STRF  8.60 8.60 8.20 8.27 5.27 7.60 3.60 7.16 NS 7.06 A 6.72 NS
Control 8.60 8.53 7.87 5.60 7.13 4.13 6.80 6.95 NS
Meanof SD 829A 817A 795A 721B 573C 529CD 4.84D
Loquat STRF 8.80 7.80 7.13 7.27 4.80 5.80 4.47 6.58 NS 6.79 A STRF
Control 8.80 8.47 8.13 8.47 4.80 6.13 4.13 6.99 NS 6.28 NS
Hawthorn STRF  8.27 7.33 6.60 5.13 4.60 4.60 3.93 5.78 NS 5.95B
TAS Control 8.27 8.13 5.93 6.33 5.60 3.93 4.60 6.11 NS Control
Quince STRF 8.80 8.80 7.47 7.80 5.47 4.47 2.47 6.47 NS 6.54 A
Control 8.80 8.13 7.80 8.13 4.80 4.80 3.80 6.61 NS 6.57 NS
Meanof SD 862A 811A 7.19B 7.18B 5.01C 496C 390D
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content comparison with other fruit species.
Similarly, previous studies demonstrated that the
high weight losses in loquats were observed due to
water loss during storage (Ding et al., 1998; Ding et
al., 2002; Erturk et al., 2005; Park et al., 2005; Cai
et al., 2006a; Amoros et al., 2008; Liguoria et al.,
2017). Stretch film application clearly decreased the
weight loss in loquats during storage (Table 1) as
found in previous studies (Ertlrk et al., 2005; Candir
et al., 2011).

In this study, in parallel with the increasing
storage period, fruit firmness of loquats increased
due to the elastic structure of fruit skin as a result of
water loss. Talhouk et al. (1999) reported that
stretch film treatments increased fruit firmness of
loguats during storage. Our results showed that the
effect of stretch film treatments on fruit firmness
varied depending on rootstocks. Similar to our
results, Zhang et al. (2011) indicated that the fruits
obtained from different rootstock/scion
combinations showed different characteristics. The
highest fruit firmness was measured in the
combination of Gold Nugget/hawthorn. This can be
explained by the differences in the compatibility of
rootstock/scion.

It has been reported that different rootstocks
have different effects on the formation of taste, dry
matter and acidity in fruits (Koyuncu and Calhan,
2010). The effect of packaging material, storage
time and their interactions on SSC during cold
storage and shelf life was statistically significant.
The SSC value peaked on the 30th day of storage.
The higher SSC during shelf life studies can be
attributed to the higher water loss from loquat
depending on high temperature, as reported by
Koyuncu et al. (2019). The SSC of control samples
increased proportionally as storage time increased
due to higher water loss. Ding et al. (1998) reported
that the total acidity of loquat fruits decreased
rapidly in the first 5 days of storage and then slowed
down. In the present study, there was a similar
decrease in TA during storage. Ambient condition
increased TA compared to cold storage (Table 1).
This increase is thought to be due to an increase in
metabolic activity and decay rate. Stretch film
treatment had no effect on TA content of loquat.
Rootstocks affected TA contents, and the highest
one was measured in fruits grown quince rootstock.
The MR of fruits obtained from trees on loquat
rootstock was significantly higher than those of
other rootstocks (Table 1). Rootstocks affect the
grafted variety in terms of many characteristics
(Bolat and Ikinci, 2019). According to results in our
study; there is a correlation between ripening rate
and SSC and TA value (Table 1). These differences
can be attributed to different effects of rootstock and
varieties.

While there was no difference between the
respiration rates measured at the end of the cold
storage and the values determined at the beginning,
the respiration rate of fruits increased in room

condition (Table 2). It is known that high storage
temperature is predominant factor for increasing
respiration rate. Ding et al. (1998b) indicated that
the respiration rate of loquats was significantly
higher at 20°C in comparison with 1°C. In the
present study, the suppressing effect of low
temperature in cold storage on respiration rate of
loquat fruits is accordance with the findings of this
researcher. The fruits that have higher respiration
rate have a shorter post-harvest life (Karacal,
2002). Therefore, fruits obtained from Gold nugget
and loquat seedlings combination may not be
advised for long-term storage when respiration rate
is considered only. Wang et al. (2010) have
expressed that the ethylene production of loquats,
as a non-climacteric fruit, is at a low level during
post-harvest ripening. Similar to the findings of Ding
et al. (1998a), we determined that ethylene
production of loquats decreased with increasing
storage period. The ethylene production in cold
storage was lower than room condition (Table 2).

Erkan et al. (2005) reported an increase in CO2%
and a decrease in O2% in different package during
storage of loquat. In the present study, the O:2
concentration decreased significantly  during
storage period, while CO:2 level increased showing
similarity to the findings of Erkan et al. (2005). In the
present study, Oz and CO:2 concentrations
measured at the end of the cold storage were 6.18%
and 2.88%, respectively. In shelf life studies, O2
concentration of package was relatively higher
compared to cold storage (Table 3). This increase
is thought to be due to the change in gas
permeability of the packaging with temperature.
According to our results, it can be said that fruits
grown on loquat rootstock provides lower O:2
concentration depending on high respiration rate
during cold storage (Table 2 and 3).

Fruit colour is important for the determining of
maturity stage at harvest as well as for consumer
preference after harvest (Besada et al., 2010). The
L*, b* and C* values could be taken into
consideration for the evaluation of yellow-coloured
fruits. The L* value, represents brightness-darkness
changing from 0 to 100, of loquats fluctuated during
storage and decreased at the end of cold storage
(56.19) compared to initial value (57.49). However,
it increased at the end of shelf life in all rootstock
combinations (except for loquat-control) and
reached to 59.75. The best result for L* value was
obtained from quince rootstock (60.79) followed by
hawthorn (59.61) and loquat (59.26) (Table 4). The
findings of Ding et al. (1998a, 2002) related to
colour change are accordance with the present
study. The b* values of fruits fluctuated during
storage and increased at the end of storage
compared to initial values both in cold storage and
room condition (Table 4). This change indicates the
alteration of skin colour from green to yellow during
storage. Our results are similar to those reported by
Erturk et al. (2005), who indicated that b* values of
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loguats increased throughout the storage period. In
the present study, the best bright yellow color,
preferred by consumers, was observed in loquats
grown on quince rootstock during storage. Stretch
film treatments caused to increase the b* value of
fruit skin (Table 4). The C* values (represents
vividity of colour) tended to rise with the increasing
storage period in all treatments during cold storage
as well as shelf life period. Similar trend was also
observed by Cao et al. (2011) in loquat fruits
throughout cold storage. The highest C* value
(52.84) was obtained from loquat fruits grown on
quince rootstock followed by loquat seedling (51.40)
and hawthorn (51.24). This can be explained by the
differences in the compatibility or relationship
between scion and rootstock.

Loquat is susceptible to various postharvest
diseases after harvest (Pareek, 2014). By keeping
the relative humidity high in storage, water loss of
fruit can be limited but, if it is too high, the decay rate
increases (Gezging et al., 2005). The result of the
present study showed that decay rate increased
due to Phytophthora spp. infection at the end of
storage compared to the beginning. However these
changes remained within acceptable limits (2.38%)
up to 30t day of storage in cold conditions. Stretch
film treatment and room conditions increased decay
rate in fruits. While decay rate in boxes covered with
stretch film remained within acceptable limits up to
30t day of the storage, it increased rapidly after this
period, and was higher at the end of the storage
compared to the control (Table 5). Ertirk et al.
(2005) reported that the fungal spoilage in loquats
started on the 60t day, and there was no decay in
control fruits during the storage. Our results related
to stretch film are supported by the fact that loquat
fruits are susceptible to decay at high humidity
conditions. Decay rate in fruits grown on hawthorn
rootstock was higher than those of other rootstocks
(Table 5). This result can be explained by the effect
of rootstocks on the nutrition content and disease
resistance of fruit.

According to the sensory analysis results, which
are very effective in making decision to terminate
the storage period, there was a significant decrease
in the external appearance and taste values at the
end of the storage compared to the beginning
(Table 6). Poor taste can be caused by the
accumulation of metabolites (acetic aldehyde,
ethanol, ethyl acetate) in fruits (Gergekgioglu et al.,
2008). Candir et al. (2011) reported a decrease in
taste and aroma values on the 45" day of storage
in loquats. On the other hand, Ding et al. (2002)
found that loquats could be stored with good quality
for 2 months at 5°C. According to the sensory
evaluation results, in the present study, loquat fruits
grown on quince rootstock can be stored with good
quality for 30+2 days at 5°C (Table 6). These
results, different from the above mentioned
literature findings, are thought to be due to the

variety, rootstocks, packaging and storage
conditions. Ambient conditions caused a significant
decrease in both external appearance and taste
scores during storage. Stretch film treatment, widely
used in the long-term storage of fruits, did not affect
sensory quality of fruits in cold storage. The sensory
quality change of loquats in our study is accordance
with the findings of Ertiirk et al. (2005) up to 30t day
of cold storage. The external appearance and taste
scores determined in the hawthorn rootstock were
generally lower than the other rootstocks. Quince
and loquat seedling rootstock, which gave better
results during storage, can be recommended for
loguat growing. Similar results were also reported
by Pio et al. (2007).

5. Conclusion

The findings of the present study showed that
quince rootstocks may be more suitable than the
others, especially hawthorn rootstock, for some
quality parameters during storage. Although loquats
grown on three rootstocks gave different results in
terms of storage life and quality, the best result for
acidity, maturation rate, respiration rate, skin colour,
decay rate, and external appearance were obtained
from quince during storage. Loquat seedling
rootstocks also gave good results for sensory
quality and decay rate, showing similarity to quince.
While the fruit colour of the fruits grown on hawthorn
rootstock was, relatively, pale yellowish-green,
quince rootstock gave vivid yellow skin colour.
Stretch film application reduced the weight loss in
all the combination of scion/rootstock but, increased
pathogens development. The disease agent
causing decay, especially after 30th day of storage,
was Phytophthora spp. Fruits grown on quince and
loguat seedling rootstocks can be stored with good
quality for 30+2 days at 5°C and 90 + 5 RH%.
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