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Effect of Postharvest Application of Melatonin on reducing Chilling Injury
in Cucumber (Cucumis sativus L. ""Nagin'")
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Fig. 1. Effect of different concentrations of melatonin on total soluble solids of cucumber fruit during storage

period. The same letters in each treatment show no significant difference using Duncan's multi-range
test (P<0.05).
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Fig. 2. Effect of different concentrations of melatonin on the percentage of electrolyte leakage of cucumber fruit
during storage period. The same letters in each treatment show no significant difference using Duncan's
multi-range test (P<0.05).
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Fig. 3. Effect of different concentrations of melatonin on the fruit firmness of cucumber during storage period.
The same letters in each treatment show no significant difference using Duncan's multi-range test
(P<0.05).
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Fig. 4. Effect of different concentrations of melatonin on the protein content of cucumber fruit during storage

period. The same letters in each treatment show no significant difference using Duncan's multi-range
test (P<0.05).
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Fig. 5. Effect of different concentrations of melatonin on the phenol content in cucumber fruit during storage
period. The same letters in each treatment show no significant difference using Duncan's multi-range
test (P<0.05).
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Fig. 6. Effect of different concentrations of melatonin on the LOX activity in cucumber fruit during storage
period. The same letters in each treatment show no significant difference using Duncan's multi-range test
(P<0.05).
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Fig. 7. Effect of storage period(A) and melatonin(B) concentration on the activity of PAL enzyme in cucumber
fruit. The same letters in each treatment show no significant difference using Duncan's multi-range test
(P<0.05).
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The same letters in each treatment show no significant difference using Duncan's multi-range test
(P<0.05).

oSS Bg > . Sloylil oy50 b L 0ge (UgemsdanSTpgw codled Gl 5 gD alise glacdale JI-% S
Al STl glarals iz ygesl 5l eolatwl b oo o O mhaw 40 lo e S pas saimolis Hles ,o 0

VLIS 5531 ol g ol 0193 Job (ial3l L ol shammd 5 aglecs (soled ;5 sosal sty s (oo
SYBU sl cdlad 00 YL .08 5 095 4 (c2alS (g, JYBE Cdlad 55, VY B Laogee (6 l0eS5 b Lol edly (aal33l 50
555 A sbasd 5 5 YU a3l led e i 09 (b Vgeg,See Vo e Cale @y (3late Laoygo (aled 5o
O S0 casls Gulidlas o ¥ o ol jo aald b awslie (o a5 00,8 canlin Yaeg, o Voo il g (5,105

oy A el adls (g 5ol (B GLalS )0 ale s (i 5l (56 ol @) )0 gDl (25 Sl
i STy oS s Ly ST T (a5 DmShe 0T (V1) 8 90 5555 (sla 535k
3o Glas 1y gilej (5 il 3o Joo SRl e gy 59y a8l plowl gy aSi sk a0 )ls (ite GRES ()5S
o 5 Slosple sSIye 5 ol 4 5 o peom i 31y 1 (slolSel, 5 4 rigSle oS a3 e s lellae V)
laes 31T Y0) aas o iolidl 1) Sl 6T cudled ass 10 5 Sl 5T slaps 351 oyl g 00,5 Joe a3l
ol 355 5l o] Lo sl Les 53 ols il kS 5 CAT, SOD, APX, GR ales jl ciliseo sl 5]
SIS gl )0 g Do 45 05 o0 jo—al (VF) il po l38l 018 0 H18 2T (5 yme j0 ol S S Jloj g wimd oo
o3l sladBool; adss Wil oo cuizman aas Al 1) (objaiS g J&5 5 o 0oy (2,15 Wilgs o0 g oad ale
5Ga0 (Y2) oS o cblas  —aoluST i ool jo Sla ST 1 slag 3l 5l 055 aig a0 I cpl a5 aas als
SCAT SOD  alox 5l lowaST 5T sl 51 Clled v csla (g9, igidle Jlows 45 0,8 (5,155 (V) o) e
Sl l3él 1, POD
a2l (50 Golle

1 8l oYL Ll widly il oo solad o 35 dwmalT 63 cy5lle iyl ma sogme lo,ll 0,9 Jsbo Lil33l b
Jsegb YVIO) (2 yeS 5 (5 039 55 2 Jesil YVIR) G yiden 5 0500 (5 IS5 59, 1T Loy vl g V09,500 ) o
(V) JS0) 992 Y geg e V o+ Al 5 dalds (slajlocs & (Blatie o5 4y Codled (5 (35 05 2

3 LS bt (st a5l 4251 Sl slocas 5 4 sl o 305 55Ty sl gl
5 ool alS |, Lty e las 5 (omon ] codlad o gy JUnl celid codloms st 5o coples alas StlS g5 (sladed


https://dor.isc.ac/dor/20.1001.1.16807154.1401.23.1.10.8
https://journal-irshs.ir/article-1-540-fa.html

[ Downloaded from journal-irshs.ir on 2025-12-02 ]

[ DOR: 20.1001.1.16807154.1401.23.1.10.8 ]

OeST elol joam )3 a5 pla STy 5 (o Wgd oo Joho S e loled 5 2k )0 5o 5 slatus DNA o 55 Sl
asan o 515l il LagT fea oSy g o) p oS Jlad sla S50l 51 .0gd o Jibl Jio olocuS 5
4.1.3_...:5 a4 )_" U"‘ (\”/\) als u.....bls wm 6[&05...;7 e ‘) LJ'“'Q"" 9 éMy U‘)“"Q u...vg.')'l.a )Lo...v ;.\.»9,...)‘50 < 6L®M‘

OV) w8l o 31 el oS 5T glomy 35T collad Lial33l ol a5 MDA 3 Ha0; jyolis ials

8 -
a
g ]
(@)
v E 61
2= —A— Control
Ey —6—1uM MT
= —o— 10uM MT
© 4 —B—100pM MT
3

0 4 8 12
Gy Syl o0
Storage period (days)
Fig. 10. Effect of different concentrations of melatonin on CAT activity in cucumber fruit during storage period.
The same letters in each treatment show no significant difference using Duncan's multi-range test (P<0.05).
S 2 0 LSy By Sleslil 0,9 (b LS ogee VB codlad (e 2 (rigidle e lacdale JI-Ve IS4

Db oo SIS glarals iz aejl 5l eolatwl b oo yo O mhaw j0 o sae BB pas saimalis

40 a
—~ 35 -
=
LL
- 30 -
(@]
= S 25
3 g 1 —A— Control
b -
g = 20 - ——1uM MT
[¢D)
15 15 ——10uM MT
<<E) —=—100puM MT
A 10 1
P
5

0 4 8 12
(9,) Slo,bl 059
Storage period (days)
Fig. 11. Effect of different concentrations of melatonin on malondydehyde content in cucumber fruit during

storage period. The same letters in each treatment show no significant difference level using
Duncan's multi-range test (P<0.05).

253 GleSs By oyl 0,50 (b L5 esee wemall (g0 (glle (e 2 Geigdle alise slacdile S1-VY S
b oo STl glarals iz ygesl 5l eolitwl b suo o O mhaw 48 Llo e S pas saimolis Hles

RN


https://dor.isc.ac/dor/20.1001.1.16807154.1401.23.1.10.8
https://journal-irshs.ir/article-1-540-fa.html

[ Downloaded from journal-irshs.ir on 2025-12-02 ]

[ DOR: 20.1001.1.16807154.1401.23.1.10.8 ]

Ohles 5 oy

(S 5 Ard
el awaalTsorole 3 aeadg iSIl cuis 2l o 5l igidle Codls 5l s 3,5 080 oo Las Hol> tagh muls
@l oeloly Grizmen 298 oe (Fojloyw 18I g LS ogee CuheS Lk el oly cnl g ead Lid (S LSy Laae
o, Silis e 4zt 0 5 milnd 5 ool slaghianS| T codlad l3dl 4 jzie rigdle Cabloy 5l ey Lo
39 SOlem Rl sl Wl oo Gigdle CBlop I G jless &5 wad 0 (LS pOl> gl (IS sbas ol gslasS]
Bk dade 5SS ey 4o slS ogie LS Lad> g Jgaze Slllo Sl ey pee SRl (6l Az
References &bw

1. Aebi, H. 1984. Catalase invitro: Methods of Enzymatic Analysis. Academic press, New York.

2. Aghdam, M.S., A. Jannatizach, M. Sabzi Nojadeh, and A. Ebrahimzadeh. 2019. Exogenous melatonin
ameliorates chilling injury in cut anthurum flowers during low temperature storage. Postharvest Biol.
Technol. 148:184-191.

3. Aghdam, M.S., A. Jannatizadeh, Z. Luo, and G. Paliyath. 2018. Ensuring sufficient intracellular ATP
supplying and friendly extracellular ATP signaling attenuates stresses, delays senescence and maintains
quality in horticultural crops during postharvest life. Trends Food Sci. Technol. 76: 67-81.

4. Aghdam, M.S. and J. Rezapour Fard. 2017. Melatonin treatment attenuates postharvest decay and maintains
nutritional quality of strawberry fruits (Fragaria x anannasa cv. Selva) by enhancing GABA shunt activity.
Food Chemi. 221: 1650-1657.

5. Arnao, M. B. and J. Hernadez-Ruiz. 2009. Chemical stress by different agents affects the melatonin content of
barley roots. J. Pineal Res. 46(3): 295-299.

6. Back, K., D. X. Tan, and R. J. Reiter. 2016. Melatonin biosynthesis in plants: multiple pathways catalyze
tryptophan to melatonin in the cytoplasm or chloroplasts. J. Pineal Res. 61(4): 426-437.

7. Bajwa, V. S., M. R. Shukla, Sh. M. Sherif, S. J. Murch, and P. K. Saxena. 2014. Role of melatonin in
alleviating cold stress in Arabidopsis thaliana. J. Pineal Res. 56(3): 238-245.

8. Bradford, M. M. 1976. A rapid and sensitive method for the quantitation of microgram quantities of protein
utilizing the principle of protein-dye binding. Anal. Biochem. 72: 248-254.

9. Debafort, F., J. A. Quezade-Gallo, and A. Voilley. 1998. Edible films and coatings: tomorrow's packagings: a
review. Critic. Revie. Food. Sci. 38(4): 299-313.

10. Diab, T., C.G. Biliaderis, D. Gerasopoulos, and E. Sfakiotakis. 2001. Physicochemical properties and
application of pullulan edible films and coatings in fruit preservation. J. Sci. Food Agri. 81(10): 988-1000.
11. Fei, D., L. Bin, and Z. Shuoxin. 2017. Exogenous melatonin ameliorates cold-induced damage in tomato

plants. Sci. Hort. 219: 264-271.

12. Gao, H., Zh. K. Zhang, H. K. Chia, N. Cheng, Y. Yang, D. N. Wang, T. Yang, and W. Gao. 2016. Melatonin
treatment delays postharvest senescence and regulates reactive oxygen species metabolism in peach fruit.
Postharvest Bio.Techno. 118: 103-110.

13. Graham, D. and B. D. Patterson. 1982. Responses of plants to low, nonfreezing temperatures: Proteins,
metabolism, and acclimation. A Review. Plant Physiol. 33: 347-372.

14. Hassanzadeh, N., A. Esmaili sari, and N. Bahramifar. 2012. Dissipation of imidacloprid in greenhouse
cucumbers at Single and double dosages spraying. J. Agr. Sci. Tech. 14: 557-564.

15. Heath, R. L. and L. Packer. 1968. Photoperoxidation in isolated chloroplasts: I. Kinetics and stoichiometry of
fatty acid peroxidation. Arch. Biochem. Biophys. 125: 189-198.

16. Jalili Marandi, R., H. Dolati Baneh, M. Esmaiili, R. Hagitagilo, and R. Ebrahimi Tazekandi. 2012. Effect of
pre harvest sprays of ethephon on fruit quality attributes of ghizil uzum grape (Vitis vinifera L.). J. Agric. Sci.
Technol. 26(2):197-205. (In Persian)

Yy


https://dor.isc.ac/dor/20.1001.1.16807154.1401.23.1.10.8
https://journal-irshs.ir/article-1-540-fa.html

[ Downloaded from journal-irshs.ir on 2025-12-02 ]

[ DOR: 20.1001.1.16807154.1401.23.1.10.8 ]

17. Jannatizadeh, A. 2019. Exogenous melatonin applying confers chilling tolerance in pomegranate fruit during
cold storage. Sci. Horti. 246: 544-549.

18. Jannatizadeh, A., M.S. Aghdam, Z. Luo, and F. Razavi. 2019. Impact of exogenous melatonin application on
chilling injury in tomato fruits during cold storage. Food Biopro. Tech. 12; 741-750.

19. Lin, D. and Y. Zhao. 2007. Innovations in the development and application of edible coatings for fresh and
minimally processed fruits and vegetables. Compr. Rev. Food Sci. Food Saf. 6(3): 60-75.

20. Lyons, J. M. 1973. Chilling injury in plants. Annu. Rev. Plant Biol. 24: 445-466.

21. Marinova, D., F. Riborova, M. Atanassova. 2005. Total phenolics and total flavonoids in Bulgarian fruits and
vegetables. J. Uni. Chemi. Techno. Metallur. 40(3): 255-260.

22. McHugh, T. H. and E. Senesi. 2000. A novel method to improve the quality and extend the shelf life of fresh
- cut apples. J. Food Sci. 65(3): 480-485.

23. Minguez-Mosquera, M.I. Jaren-Galan, and J. Garrido-Fernandez. 1993. Lipoxygenase activity during pepper
ripening and processing of paprika. Phytochemistry 32(5): 1103-1108.

24. Mirshekari, A., B. Madani, E. M. Yahia, J. B. Goiling, and S. Haji Vand. 2019. Postharvest melatonin
treatment reduceschilling injury in sapota fruit. J. Sci. Food Agric. 100: 1897-1903.

25. Mittler, R. 2002. Oxidative stress, antioxidants and stress tolerance. Rends Plant Sci. 7(9): 405-410.

26. Mukherjee, S. 2019. Recent advancements in the mechanism of nitric oxide signaling associated with
hydrogen sulfide and melatonin crosstalk during ethylene-induced fruit ripening in plants. Nitric Oxide. 82:
25-34.

27. Mukherjee, S., A. David, S. Yadav, F, Baluska, and S. Ch. Bhatla. 2014. Salt stress - induced seedling
growth inhibition coincides with differential distribution of serotonin and melatonin in sunflower seedling
roots and cotyledons. Physiol. Plant. 152(4): 714-728.

28. Nakano, Y. and Asada, K. 1981. Hydrogen peroxide is scavenged by ascorbat espesific peroxidase in spinach
chloroplasts. Plant Cell Physiol. 22: 867-880.

29. Parida, A.K. and A.B. Das. 2005. Salt tolerance and salinity effects on plants: a review. Ecotoxicol. Environ.
Saf. 60 (3): 324-349.

30. Polydera, A. C, N. Stoforos, and P. S. Taoukis. 2005. Quality degradation kinetics of pasteurised and high
pressure processed fresh Navel orange juice: Nutritional parameters and shelf life. Innov Food Sci. Emerg.
6:1-9.

31. Saltveit, M. E. and L. L. Morris. 1990. Overview of chilling injury of horticultural crops. In: C. Y.
Wang(Ed), Chilling Injury of Horticultural Crops. (pp. 3-15.) CRC. Press.

32. Schouten, R.E., L.M.M. Tijskens, and O. Kooten. 2002. Predicting keeping quality of batches of cucumber
fruit based on a physiological mechanism. Postharvest. Biol. Technol. 26(2): 209-220.

33. Shi, H., R.J. Reiter, D.X., Tan, and Z.Chan. 2015. Indole-3-acetic acid inducible 17 positively modulates
natural leaf senescence through melatonin - mediated pathway in Arabidopsis. J. Pineal Res. 58 (1): 26-33.
34. Sun, Q., N. Zhang, J. Wang, H. Zhang, D. Li, J. Shi, R.Li, S. Weeda, B. Zhao, Sh. Ren, and Y-D. Guo. 2015.
Melatonin promotes ripening and improves quality of tomato fruit during postharvest life. J. Exp. Bot., 66:

657-668.

35. Taiz, L. and E. Zeiger. 2010. Plant Physiology. Sinauer Associates. 782 p.

36. Wang, F., X. Zhang, Q. Yang, and Q. Zhao. 2019. Exogenous melatonin delays postharvest fruit senescence
and maintains the quality of sweet cherries. Food Chem. 301: 12311.

37. Wang, Ch. Y. and L. Qi. 1997. Modified atmosphere packaging alleviates chilling injury in cucumbers.
Postharvest Biol.Technol. 10(3): 195-200.

38. Wang, F., X. Zhang, Q. Yang, and Q. Zhao. 2019. Exogenous melatonin delays postharvest fruit senescence
and maintains the quality of sweet cherries. Food. Chem. 301: 125311

Y


https://dor.isc.ac/dor/20.1001.1.16807154.1401.23.1.10.8
https://journal-irshs.ir/article-1-540-fa.html

[ Downloaded from journal-irshs.ir on 2025-12-02 ]

[ DOR: 20.1001.1.16807154.1401.23.1.10.8 ]

Ohles 5 oy

39. Xu, T., C. Yao, and K. Hunseung. 2019. Melatonin is a potential target for improving post-harvest
preservation of fruits and vegetables. Front. Plant Sci.10: 1-14.

40. Yang, Q., J. Rao, Sh. Yi, K. Meng, J. Wu, and Y. Hou. 2011. Reduced chilling injury in cucumber by nitric
oxide and the antioxidant response. Food Chem. 127(3): 1237-1242.

41. Yin, L., P. Wang, M. Li, X. Ke, C. Li, D. Liang, Sh. Wu, X. Ma, and Ch. Li. 2013. Exogenous melatonin
improves Malus resistance to Marssonina apple blotch. J. Pineal Res. 54(4): 426-434.

WY


https://dor.isc.ac/dor/20.1001.1.16807154.1401.23.1.10.8
https://journal-irshs.ir/article-1-540-fa.html

[ Downloaded from journal-irshs.ir on 2025-12-02 ]

[ DOR: 20.1001.1.16807154.1401.23.1.10.8 ]

Iranian Journal of Horticultural Science and Technology 23 (1): 99-114 (2022)
Research article

Effect of Postharvest Application Melatonin on Reducing Chilling Injury
(CI) in Cucumber (Cucumis sativus L.) cv. ""Nagin**

M. Nadri, A. Ebrahimzadeh”, and S. M. Zahedi

Low temperature is an effective method to maintain product quality during the post-harvest
period, but due to the sensitivity of cucumber fruits to chilling injury, the use of proper
alternative techniques to chilling control are essential. In order to evaluate the use of
melatonin to control chilling damage on cucumber, a factorial experiment based on a
completely randomized design was conducted with three replications. The experimental
factors included: different storage times (control = harvest day, 4, 8, and 12 days after
harvest) and different concentrations of melatonin (0, 1, 10, and 100 uM). Some biochemical
and physiological parameters including PAL activity, antioxidant enzymes (catalase,
superoxide dismutase, ascorbate peroxidase and lipoxygenase) activities, malondialdehyde,
phenolics and total protein content, electrolyte leakage, total soluble solids content and fruit
firmness were measured. Melatonin in storage periods increased phenolic content and catalase
and lipooxigenase activity. This increase was observed in all tested concentration of
melatonin alongwith increasing the storage time up to 8 days but then reduced. Concerning
SOD activity and total protein content, the increase was just until the fourth day and then
decreased. Also, in all tested levels of melatonin, with storage time up to 12 days,
malondyldehyde and electrolyte leakage showed an increasing trend, but fruit firmness had a
decreasing pathern. TSS content decreased with time in all melatonin concentrations, which
was more evident in untreated fruits. Moreover, in all tested concentration of melatonin, the
activity of antioxidant enzymes and fruit firmness decreased by time up to 12 days. Overall,
the results showed that melatonin treatment, especially at 100 uM, could diminish chilling
injury and maintain the postharvest quality of cucumber fruits during cold storage.

Keywords: Storage, Chilling stress, Cucumber fruit, Antioxidant enzymes, dipping,
Electrolyte leakage.
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