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Introduction

Strawberry is a fruit with a short season of harvest. Strawberry is well-known among people all over the world for its
distinct flavour, nutritional value, and delicacy. While on the other hand, preserving strawberry and shelf life extension
has been a huge difficulty due to their perishable nature. Making effective and sustainable use of already available food
processing and preservation technology needs time. Researchers must use advanced techniques like a cool store, modified
atmospheric packaging (MAP), cool store, controlled atmospheric storage (CA), various packaging methods, and a variety
of chemical and physical treatments to retain commodities for a longer period due to strategic market sales following
harvest. Except for the preserving techniques, there is some polysaccharide-based edible coating which has a crucial role
in delaying fruit softening, fruit decay, maintaining the increased levels of ascorbic acid and phenols, enhancing the
activities of antioxidant enzymes, and reducing membrane damage. During the postharvest stages, there are numerous
threats to keep in view regarding the safety and quality of strawberries. The beneficial effect of heat treatments on the
storability of different fruits is well documented. The exposure to temperatures higher than 35 degrees celsius has caused
ripening inhibition in different fruits. Polyamines are a group of biomaterials which control ripening of fruits and, due to
their aliphatic nitrogen structure, are among the compounds detected in animals, plants, and microorganisms. In plants,
there is a competition in production of ethylene and polyamines of spermine, spermidine, and putrescine using the
common precursor of S-adenosyl methionine, yet ethylene and polyamines act oppositely in ripening and senescence
processes. Application of polyamines had extraordinary effects on the quality of some fruits during storage.

Materials and methods

This research was carried out in the laboratory and cold room of the Department of Production Engineering and Plant
Genetics, Faculty of Agriculture, Razi University, Kermanshah. Strawberry fruits of Paros cultivar with uniform sizes
and similar conditions in the stage of commercial maturity (when more than 75% of their surface had turned red) were
obtained from a sample garden in Sanandaj and transferred to the laboratory in a short time. In this research, the effect of
different concentrations of putrescine and different water temperatures on some biochemical characteristics of Paros
strawberry fruit was investigated in a factorial way in the form of a completely randomized design in three replications.
The first factor in this research included putrescine at four levels of 0 (control), 0.5, 1, and 2 mM and water temperature
at four levels of 25 (control), 45, 50, and 55 degrees celsius and the second factor was storage time. The measured traits
included titratable acidity, ethylene, respiration, antioxidant capacity, malondialdehyde and total phenol.

Results and Discussion

Increase in respiration, malondialdehyde, decrease in consumption of organic acids and increase in ethylene production
during the storage period were significantly less in the treated samples. In the samples treated with putrescine, the
antioxidant capacity first increased and then decreased. Also, putrescine increased total phenol. The increase in
respiration, ethylene, malondialdehyde and decrease in consumption of organic acids during the storage period were
significantly less in the treated samples. In the samples treated with hot water, the amount of total phenol and antioxidant
capacity increased during the storage period.
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Conclusion

Although the quality of the products after harvesting cannot be improved, the decrease in fruit quality can be controlled.
For this purpose, various physical and chemical methods and treatments are used to maintain the quality of the products
after harvesting. Putrescine, that is naturally present in animals and plants in particular, belongs to the amine groups. It
seems that putrescine of 2 mM concentration has tangible impact on strawberry fruits and it is recommended in strawberry
store rooms. There is a competition in production of ethylene and polyamides of spermine, spermidine, and putrescine in
plants, due to their common precursor namely S-adenosyl methionine, yet they act oppositely in ripening and senescence
processes. The use of polyamines has been claimed to decrease ethylene synthesis in a wide range of plants by decreasing
ACC synthase (ACS) and ACC oxidase (ACO) enzymes activities. Application of polyamides and hot water had
extraordinary effects on the quality of some fruits during storage. Therefore, hot water treatment is recommended as a
safe method to improve and increase the storage life of strawberries and a suitable alternative to chemical fungicides.
Based on the obtained results, it is recommended to use putresin and hot water treatment to maintain the quality of Paros
strawberry fruit after harvesting.
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Table 1: Comparison of the mean interaction effect of treatment and storage time on titratable acidity (%) of Paros

strawberry cultivar

Storage time (day)

Treatment 0 3 6 9 12 15

Control 0.7169" 0.729" 0.7169%M 0.59 0.53m 0.53m
P: 0.7169" 0.793bcde 0.803bcd 0.78¢de 0.81b¢ 0.803b¢cd
P, 0.7169" 0.836% 0.84¢2 0.77¢% 0.719M 0.691
Ps3 0.7169" 0.862 (.79bcde 0.753¢f 0.75¢ 0.7
T, 0.7169" 0.67Kk 0.7169" 0.58 0.52'm 0.49'mn
T? 0.7169 0.8060°¢d 0.796bcde 0.7169N 0.723% 0.77¢%
T3 0.7169" 0.796bcde 0.75¢f 0.803b¢d 0.7h 0.706M
T 0.7169 0.840% 0.723% 0.740 0.773% 0.830%®

P1, P2 and P3 are 0.5, 1 and 2 mM Putrescin respectively, and T1, T», Tz and T4 are 25, 45, 50 and 55 degrees Celcius

water temperature respectively.

Similar letters indicate the absence of significant differences between treatments at five percent probability level.
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Table 2: Comparison of the mean interaction effect of treatment and storage time on antioxidant capacity (DPPH
inhibition percentage) of Paros strawberry cultivar

Storage time (day)

Treatment 0 3 6 9 9 15

Control 81.23!mno 83.265w 82.51/mno 81.43K 81.43M 85.36'™
P, 81.23!mno 87.26'™ 87.75'm 95,482 95.48%® 90.699N
P, 81.23'mno 87.15'mno 89.93il 95.63% 95.63% 92.48¢%fg
P3 81.23'mno 87.01'mno 89.631k 95.25% 95.25% 91.39foni
T 81.23!mno 82.564W 86.16MnPd 87.33mn 87.33m 86.65KM
T, 81.23!mno 86.86'm° 87.48'm 90.16"i 90.16" 94,09bede
Ts 81.23'mno 86.20mMnoP 90.969n 92.344%fg 92.340%fg 95.71%
Ta 81.23'mno 86.81'm 90.27" 92.12¢f 92.12¢fh 97.182

P1, P2 and Ps are 0.5, 1 and 2 mM Putrescin respectively, and T1, T2, Tz and T4 are 25, 45, 50 and 55 degrees Celcius

water temperature respectively.

Similar letters indicate the absence of significant differences between treatments at five percent probability level.
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Fig. 1: The effect of different levels of putrescine and water temperature on total phenol content of strawberry fruit
P05, P1,P2andP 3are0.5 1and 2 mM Putrescin respectively, and T 25, T 45, T 50 and T 55 are 25, 45, 50 and 55

degrees Celcius water temperature respectively
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Fig. 2: The effect of storage time on total phenol content of strawberry fruit
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Table 3: Comparison of the average interaction effect of treatment and storage time on the amount of malondialdehyde
(nmol g* FW) of Paros strawberry cultivar

Storage time (day)

Treatment 0 3 6 9 9 15

Control 19.93Y 24 574w 35.709Mi 46.51°¢ 46.51°¢ 63.692
P 19.93Y 26.17wW 30.530pPar 32.18mno 32, 18!mno 40.130¢f
P, 19.93Y 23.51vwx 25.14w 28.28"™ 28.28"™ 35.659N
P3 19.93Y 29.31pars 34.650K 37.43f" 37.43f" 47.25°¢
T, 19.93Y 25.04uw 35.369nik 46.60° 46.60° 62.96%
T, 19.93Y 23.79W 23.47VWx 26.60% 26.60%" 36.409"
Ts 19.93Y 25.43"ww 31.84mnop 31.86™P  31.86™n°P 39.59def
Ta 19.93Y 28.7710rst 34.5711ikim 37.85¢f 37.85¢ 47.67¢

P1, P> and Ps are 0.5, 1 and 2 mM Putrescin respectively, and T1, T», Tz and T4 are 25, 45, 50 and 55 degrees Celcius
water temperature respectively.
Similar letters indicate the absence of significant differences between treatments at five percent probability level.
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Table 4: Comparison of the average interaction effect of treatment and storage time on the amount of ethylene (nL kg™

h™!) of Paros strawberry cultivar

Storage time

(day)
Treatment 0 3 6 9 12 15

Control 150.664™ 225 259.66% 275° 295° 3352
P1 150.664™ 152iKim 173.33Ni 200¢ 215 233.33¢f
P, 150.664™ 153ikim 160.661k 1611k 168.33l 181.33M
P3 150.664™ 109m° 131.33mno 138.66'mn° 145.33!mn 145.33!mn
T 150.664™ 228.66° 262¢ 277° 299.33° 340.33?
T2 150.664™ 156.33K! 175.33Ni 205.669 222 244.66°
Ts 150.664™ 157.66'K 159.661k 165.661k 1681 189"
Ts 150.66K™ 152.33ikim 158.33ilM 164.66'k 172" 194.669"

P1, P2 and Ps are 0.5, 1 and 2 mM Putrescin respectively, and T1, T2, Tz and T4 are 25, 45, 50 and 55 degrees Celcius

water temperature respectively.

Similar letters indicate the absence of significant differences between treatments at five percent probability level.
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Fig. 3: The effect of different levels of putrescine and water temperature on respiration rate of strawberry fruit
P05 P1,P2andP 3are 0.5, 1 and 2 mM Putrescin respectively, and T 25, T 45, T 50 and T 55 are 25, 45, 50 and 55

degrees Celcius water temperature respectively
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Fig. 4: The effect of storage time on respiration rate of strawberry fruit
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