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The Effect of Melatonin on the Activity of Antioxidant Enzymes, Osmolytes
and Lipid Peroxidation in Kiwi Fruits of Hayward Cultivar During Storage
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Fig. 1. The effects of different concentrations of melatonin on percentage of fruits damaged during the storage
life of kiwifruit cultivar Hayward. C: control, M1: 0.001 mM and M2: 0.01 mM, M3: 0.1 mM and M4: 1

mM. Averages with similar letters do not have a statistically significant difference at the 5% probability
level of Duncan's multiple range test.
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Table 1. Analysis of variance results showing the effect of different melatonin concentrations on the postharvest
life of “Hayward’ kiwifruit (percentage of damaged firuits).
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**2%: Significant at 5% probability level, Significant at 1% probability level, ns: Not significant
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Fig. 2. The effects of different concentrations of melatonin on percentage H2O> the storage life of kiwifruit

cultivar Hayward. C: control, M1: 0.001 mM and M2: 0.01 mM, M3: 0.1 mM and M4: 1 mM. Averages

with similar letters do not have a statistically significant difference at the 5% probability level of
Duncan's multiple range test.
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Table 2. Analysis of variance results showing the effect of different melatonin concentrations on the postharvest
life of ‘Hayward’ kiwifruit (hydrogen peroxide content).

b
Ol s
Mean Square ola o (Sl Sources
of
Variation
59,4 59,7 59, ¥ Sle,sl 5 8 @3l az
90 days 60 days 30 days Pre-storage df
*k ok ok )L°“"
148.40 38.02 23.18 0.011 ™ 4
Treatment
0.3280 0.068 0.0024 0.0018 10 Errorl.s
12.54 7.32 2.84 8.89 OV,

0092, (Fxe pae NSTY 570 Jizl zolaw ;o 09 o Jxe ol Ay sk gk
*#x>%: Significant at 5% probability level, Significant at 1% probability level, ns: Not significant

uC

x 13;8: aab =M1
a

3’q140 aaaada abc  hbc deC %‘;-Cdc +M2
1 8120 | g 3 i3 M3
3 5100 - b : =M4
} £80 - b is B
5 260 - ‘s
= 940 - e
% 520 1 59
z 0
= 0 90

30 60
Galoylsl ploj
Storage time
fe eV M wals Cojlale o8 D865 Slo,lil jae b o] el b osidle calie slo clale ol 31V S

Q3,105 SGls glarals i ge3l o0 B Jleis ! mhaw 5o ()l e BB (g Lol a5l ol e
Fig. 3. The effects of different concentrations of melatonin on peroxidation of lipids during the storage life of
kiwifruit cultivar Hayward. C: control, M1: 0.001 mM and M2: 0.01 mM, M3: 0.1 mM and M4: 1 mM.

Averages with similar letters do not have a statistically significant difference at the 5% probability level
of Duncan's multiple range test.
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Table 3. Analysis of variance results showing the effect of different melatonin concentrations on the postharvest
life of ‘Hayward’ kiwifruit (membrane lipid peroxidation).
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**2%: Significant at 5% probability level, Significant at 1% probability level, ns: Not significant
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Fig. 4. The effects of different concentrations of melatonin on ion leakage during the storage life of kiwifruit
cultivar Hayward. C: control, M1: 0.001 mM and M2: 0.01 mM, M3: 0.1 mM and M4: 1 mM. Averages

with similar letters do not have a statistically significant difference at the 5% probability level of
Duncan's multiple range test.
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Table 4. Analysis of variance results showing the effect of different melatonin concentrations on the postharvest
life of ‘Hayward’ kiwifruit (ion leakage percentage).

Slas o eSils Sl galio
Mean Squar Sources of
¢ quare Variation
59, 4 39,7 BTN sk, S de;olﬂ e
90 days 60 days 30 days Pre-storage
ok Lc'f.""
0.238™ 0.138™ 0.124 0.0036 s 4 ?
Treatment

Vay


https://journal-irshs.ir/article-1-662-fa.html

[ Downloaded from journal-irshs.ir on 2026-08-15 ]

VFF)Fev 514D sloamio Vo )las 18 ale sl SLEL 558 5 psle aloee

Uas
0.0089 0.0057 0.004 0.002 10
Error
8.01 1.23 8.18 3.48 Ol pads g
CV

0092 L0 (Fxe pae MSTY 7.0 Jiol oo ;o 09 o Sxe ol Ay sk g
**2%: Significant at 5% probability level, Significant at 1% probability level, ns: Not significant

wC

aMl1
» M2
4 M3
= M4

Golols! oo
Storage time

s /) M anls Cos ol 13, Si,505505 Sloylil yoe b Jslome aulr olge s ymigidle cilizee gla clale ol il -0 S
Sasisl oo alie By gl a5 olo (1Sl Yoo Lo V M4y Voo Lo +/V M3 Voo Lo +/+) M2 5 Voo
D5l 5SSl (gl diels iz yge3] o p0 O Jledl o 5o (5ls (sire BB (5Ll Lk

Fig. 5. The effects of different concentrations of melatonin on TSS during the storage life of kiwifruit cultivar

Hayward. C: control, M1: 0.001 mM and M2: 0.01 mM, M3: 0.1 mM and M4: 1 mM. Averages with

similar letters do not have a statistically significant difference at the 5% probability level of Duncan's
multiple range test.
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Table 5. Analysis of variance results showing the effect of different melatonin concentrations on the postharvest
life of “Hayward’ kiwifruit (soluble solids content).
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*#2%. Significant at 5% probability level, Significant at 1% probability level, ns: Not significant
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Fig. 6. The effects of different concentrations of melatonin on pH during the storage life of kiwifruit cultivar

Hayward. C: control, M1: 0.001 mM and M2: 0.01 mM, M3: 0.1 mM and M4: 1 mM. Averages with

similar letters do not have a statistically significant difference at the 5% probability level of Duncan's
multiple range test.
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Table 6. Analysis of variance results showing the effect of different melatonin concentrations on the postharvest
life of ‘“Hayward’ kiwifruit (pH).
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Fig. 7. The effects of different concentrations of melatonin on organic acid during the storage life of kiwifruit

cultivar Hayward. C: control, M1: 0.001 mM and M2: 0.01 mM, M3: 0.1 mM and M4: 1 mM. Averages

with similar letters do not have a statistically significant difference at the 5% probability level of
Duncan's multiple range test.
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Table 7. Analysis of variance results showing the effect of different melatonin concentrations on the postharvest
life of ‘Hayward’ kiwifruit (organic acids).
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*#2%: Significant at 5% probability level, Significant at 1% probability level, ns: Not significant.
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Fig. 8. The effects of different concentrations of melatonin on peroxidase enzyme activity during the storage life

of kiwifruit cultivar Hayward. C: control, M1: 0.001 mM and M2: 0.01 mM, M3: 0.1 mM and M4: 1

mM. Averages with similar letters do not have a statistically significant difference at the 5% probability
level of Duncan's multiple range test.
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Table 8. Analysis of variance results showing the effect of different melatonin concentrations on the postharvest
life of ‘Hayward’ kiwifruit (peroxidase enzyme activity).
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*#*2%: Significant at 5% probability level, Significant at 1% probability level, ns: Not significant
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Fig. 9. The effects of different concentrations of melatonin on catalase enzyme activity during the storage life of

kiwifruit cultivar Hayward. C: control, M1: 0.001 mM and M2: 0.01 mM, M3: 0.1 mM and M4: 1 mM.

Averages with similar letters do not have a statistically significant difference at the 5% probability level
of Duncan's multiple range test.
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Table 9. Analysis of variance results showing the effect of different melatonin concentrations on the postharvest
life of ‘Hayward’ kiwifruit (catalase enzyme activity).

Mean Square ol yo Sl -
Sources of Variation

SN

9 59, 59, ¥ Slobl 5l g3 ERHEESS
days 60 days 30 days Pre-storage df
1.01%* 0.63** 0.0238** 0.003 1s 4 Treatment ,L.s
0.049 0.033 0.0057 0.002 10 Errorlas
1.03 1.84 1.05 2.39 CV il s coyo

008 )l Fxe pae MSTY 5 70 Jliol molaw o (05 IS Jme i i a4y i g
*#*2%: Significant at 5% probability level, Significant at 1% probability level, ns: Not significant

595 om0 bl S|y oS 5 o Sl (5loigime B gl 9IS Sl gk 5l el s b
Syle oYL glaST sl cldled plply guiS oo Jos ol Gla S0l diad )08 ouisS sus S Glgie 4 ubgdlecadls
Cols 5l S g (oS Dlas o gyls sime U uiede 0,5 A ol lid regly owl sleadly (Tan, 2013)
(9,8 498 Wiile Olow w9 ogas 31 (g ke jo Wl Sl ool G lgie 4y yudgiMe.ilils o)lgle 03 (55.5 0gae
3 5o Jled SU Glgie 4 deie |5 (Arnao & Hernandez Ruiz, 2019) o ls 0429 (5,8 Ogig a0 ¢ odS o
3l oolaiwl yiren g (Dinget al., 2017) 53 a5 ,0 ailbo,w o Sbo,lil (iolbl g (6hm jo b (ColS dee
0 G Al s 2B Sy ) Sl 5 i | o Jlys G Cr oaidle Sglite slaclile
oy Jald clils 5l s jes g CelS g dede Cllilo g 5l e ylews .(Arnao & JHernandez Ruiz, 2019) ol

Vay


https://journal-irshs.ir/article-1-662-fa.html

[ Downloaded from journal-irshs.ir on 2026-08-15 ]

955, 2 e 050 (S ym 50 U 0gae Ol moiws | EalS Corge uigdle bl p il o lews a8l y8 g W30,
Lis jglate 4y ogde Hles l Budsw (pl yo (Kaya ef al., 2019) sg (135 50 aildo s jo (6,laeS (b ogus sk
30 Oeigdle b oads jled sbbogeo ;0 (5,0 gme slacglay sl oal colaiul ol 08 (555 Sloylal ol g CoalS
az 50 Gl ST Glaw 5T cudled ( JT slaowl (Jolome dul> olge e iols ylis aals clboges 4 duslio
ol el 5 l3 s (SloA pln 5 s S e S Byt oisla 0,8 Ty el cigidle Sl elird
Olyee oy iamST Jad sloasel Sl 31 o S Jus gl (Sarafi ef al., 2017) sgi oo b 35 ply o 2B slapudlSe
oo b jles cov el (Sharma e al., 2020) sas o 2alS | ilonnS] ool G,k cpl 5l g 0isS o pulass |,
) oo S A Ll 5o Goyb cnl 5lg weoge Las 1) )L 5955798 Geidle S615) el joumg S 5o al8l
S ool Gl 5 0mmannSTy ol a5 Galiee 5 eyl s j0.(Arnao & Hernandez Ruiz, 2019) oS o ol
Ol usde(Wei ef al., 2018) aib o o lalawly slagwl § 953 ooisS Wl 005,85 by Jsews Guigde
Lblsyl @b 5l g w80 Joo 358 2bSL 5 (208 (omgng (B Slagisl e plp o eanS e
359y deanS] ey ralS 4 e pdgide calize lacdale b Lo cadllas ol o (Hernandez Ruiz, 2019
adl b aS cool oo Slo,lil ploy b o)lple 03) (555 slrogs 10 Swudcam! § Sepcuis dasd gewlansT,
Loowds jlew LS jo.(Sharma ef al., 2018) o s callae £L C¥game plo g Jald ( S5,8 4265 (59, wim sl
guilonnST slaos s Gl jl el samsjlid a5 aiS oo lag (ialS Se citd g b amwlonSTy ol gD
go 5 5] JUsb ot il el s 5 loimall Fie Gk | oesdle caian S5dise oS o
b ok el (a3ls g e mSIl et b Joko Lae @l (Ding ef al., 2017) $gd oo SlowmS 5T LS 5
50 e Sl ST b slaaisS 51 0L Sleds (Siddiqui et al., 2019) cwl oo €5Ls o) e sla i )
Jas ail oo SLS 5 alex 5l e 0gd oo bagye ctd el g ool ialEl ] i el g pdy dek Lie sl
5o ouels (Siddiqui et al., 2019) 098 oo Sgr Sid Gl jo Sals cel 5SSt a8 sloaisS mezs jo oS 5,b
o ezt Rl g wigdle bawgs S i S 00 w3 b WIS o edle Bk 5 o] amslinaST il
o by pols o 5l ol mls do g opl a5 (Kaya et al., 2019) 9,5 o0 Ojyg0 isde 3,k 5 LS

S A%
o300 S1 ol (20l Caz ool Dl ()5iSh 00,5 (o el 5 0lud Jlars Sl Ll (b S p 4 6525 o
o5 bl b Jsho L 51 ls o5 eS| il cosls & arg b oisdle ol o plonl oo Ll b (555
gl slacdile plas ol gedod gl Gk 90,5 (oo o) Jsho jos dggp el Djgo a5 OIS (oo Clablone
S sl Sy gty com g sl LmalS Sle )Ll b 1) saus ol sl sgae duoys el 4 Cans a5 solizul
.oé;‘sa drogs [ 0940 ).:Lu 9 655 0gu0 W.LS 9 6M)‘)L Lo )}]a,uo L u.uy)Lo )‘ oolawl ‘u.:b.:l.u RUER W 0G0
References &l&o

Arnao, M.B., Hernandez Ruiz, J. (2013). “Growth conditions influence the melatonin content of tomato plants.”
Food Chemistry, 138,1212—1214.

Arnao, M.B., Hernandez-Ruiz, J. (2019). “Melatonin and reactive oxygen and nitrogen species: A model for the
plant redox network.” Melatonin Research, 2(3), 152—168.

Basiouny, F.M. (1996). “Blueberry fruit quality and storability influenced by postharvest application of
polyamines and heat treatments.” Proceedings of the Annual Meeting of the Florida State Horticultural
Society, 109, 269-272.

VaA


https://journal-irshs.ir/article-1-662-fa.html

[ Downloaded from journal-irshs.ir on 2026-08-15 ]

VFF)Fev 514D sloamio Vo )las 18 ale sl SLEL 558 5 psle aloee

Burdon, J. (2020). “Subtropical fruits: Kiwifruit.” In Controlled and Modified Atmospheres for Fresh and Fresh-
Cut Produce, 447-454.

Dhindsa, R.S., Dhindsa, P., Thorpe, T. (1981). “Leaf senescence correlated with increased level membrane
permeability and lipid peroxidation and decrease levels of superoxide dismutase and catalase.” Journal of
Experimental Botany, 32,93-101.

Ding, F., Liu, B., Zhang, S. (2017). “Exogenous melatonin ameliorates cold-induced damage in tomato plants.”
Scientia Horticulturae, 219, 264-271.

Hernandez-Ruiz, J., Arnao, M.B. (2008). “Distribution of melatonin in different zones of lupin and barley plants
at different ages in the presence and absence of light.” Journal of Agricultural and Food Chemistry, 56,
10567-10573.

Kaya, A., Doganlar, Z.B. (2019). “Melatonin improves the multiple stress tolerance in pepper (Capsicum
annuum).” Scientia Horticulturae, 256, 108509.

Kochba, J., Lavee, S., Spiegel-Roy, P. (1977). “Differences in peroxidase activity and isoenzymes in
embryogenic and non-embryogenic shamouti orange ovular callus lines.” Plant and Cell Physiology, 18,
463-497.

Mittler, R. (2002). “Oxidative stress, antioxidants and stress tolerance.” Trends in Plant Science, 7, 405-410.

Nilprapruck, P., Authanithee, F., Keebjan, P. (2008). “Effect of exogenous methyl-jasmonate on chilling injury
and quality of pineapple.” Silpakorn University Science and Technology Journal, 2, 33—42.

Parida, A.K., Das, A.B. (2003). “Salt tolerance and salinity effects on plants: A review.” Ecotoxicology and
Environmental Safety, 60, 324-349.

Sarafi, E., Tsouvaltzis, P., Chatzissavvidis, C., Siomos, A., Therios, 1. (2017). “Melatonin and resveratrol reverse
the toxic effect of high boron (B) and modulate biochemical parameters in pepper plants (Capsicum annuum
L.).” Plant Physiology and Biochemistry, 112, 173—182.

Sharma, A., Wang, J., Xu, D., Tao, S., Chong, S., Yan, D., Li, Z., Yuan, H., Zheng, B. (2020). “Melatonin
regulates the functional components of photosynthesis, antioxidant system, gene expression, and metabolic
pathways to induce drought resistance in grafted Carya cathayensis plants.” Science of the Total
Environment, 713, 136675.

Siddiqui, M.H., Alamri, S., Al-Khaishany, M.Y., Khan, M.N., Al-Amri, A., Ali, H.M., Alaraidh, .A., Alsahli,
A.A. (2019). “Exogenous melatonin counteracts NaCl-induced damage by regulating the antioxidant system,
proline and carbohydrates metabolism in tomato seedlings.” International Journal of Molecular Sciences,
20(2), 353.

Tan, D.X. (2013). “Mitochondria and chloroplasts as the original sites of melatonin synthesis: a hypothesis
related to melatonin's primary function and evolution in eukaryotes.” Journal of Pineal Research, 54, 127—
138.

Velikova, V., Yordanov, 1., Edreva, A. (2000). “Oxidative stress and some antioxidant system in acid rain treated
bean plants: Protective role of exogenous polyamines.” Plant Science, 151, 59-66.

Wang, P., Yin, L., Liang, D., Li, C., Ma, F., Yue, Z. (2012). “Delayed senescence of apple leaves by exogenous
melatonin treatment: Toward regulating the ascorbate-glutathione cycle.” Journal of Pineal Research, 53,
11-20.

Wei, J., Li, D., Zhang, J., Shan, C., Rengel, Z., Song, Z., Chen, Q. (2018). “Phytomelatonin receptor PMTR 1-
mediated signaling regulates stomatal closure in Arabidopsis thaliana.” Journal of Pineal Research, 65(2),
€12500.

Yandi, W. (2018). “Changes in melatonin content in grape and prokaryotic expression analysis of its synthetic

gene SNAT.” Academy of Agricultural Sciences, Beijing, China.

144


https://journal-irshs.ir/article-1-662-fa.html

[ Downloaded from journal-irshs.ir on 2026-08-15 ]

Zokaee-Khosroshahi, M.R., Esna-Ashari, M. (2007). “Postharvest putrescine treatments extend the storage-life
of apricot (Prunus armeniaca L.) Etokhm—Sefid fruit.” Journal of Horticultural Science and Biotechnology,
82, 986-990.


https://journal-irshs.ir/article-1-662-fa.html

[ Downloaded from journal-irshs.ir on 2026-08-15 ]

Iranian Journal of Horticultural Science and Technology 26 (2): 185-200 (2025)
Research article

The Effect of Melatonin on the Activity of Antioxidant Enzymes, Osmolytes
and Lipid Peroxidation in Kiwi Fruits of Hayward Cultivar During Storage
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As an organic compound and its antioxidant properties, melatonin plays an important role in
improving the shelf life of horticultural products. In order to investigate the effect of
melatonin on the quality improvement and storage life of Hayward kiwi fruit, four
concentrations of melatonin (0.001, 0.01, 0.1 and 1 mM) were used to treat the fruits. Then
the fruits were stored at 1 degree Celsius for 90 days and every 30 days, a number of fruits
were removed from the cold storage and the storage life and biochemical changes of the fruit,
such as the percentage of damaged fruit, organic acids, amount of substances Dissolved
solids, pH, peroxidase and catalase enzymes, hydrogen peroxide, lipid peroxidation and ion
leakage were investigated. The results showed that different concentrations of melatonin
improved the lifespan after harvesting kiwi fruit compared to the control. According to the
results obtained from the present research, the highest amount of organic acids, soluble solids,
peroxidase and catalase enzyme activity were seen in the fruits treated with 0.1 mM
melatonin, and the lowest percentage of damaged fruits, the amount of hydrogen peroxide and
lipid peroxidation and pH were observed in the fruits treated with 0.1 mM melatonin. Other
concentrations of melatonin also improved the storage life and quality characteristics of kiwi
fruit in cold storage compared to the control. In general, the highest concentration of
melatonin improved the quality characteristics and increased the storage life of kiwi fruits of
Hayward variety.

Keywords: Storage, Antioxidant, Quality attributes.
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