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Table 1. Analysis of variance (mean of squares) of quality traits of orange fruits

Sources of df TSS Ascorbic Firmness  Total phenol =~ Weight  Titratable Total
variation acid loss acidity antioxidants
time 3 12.72™ 349.237"  365.721™ 920.511% 60.22"  2.147%* 161.451™
Treatment 3 4.5272%* 139.936™ 87.057™ 6288.521%*%  6.952"  0.062%* 39.002™
Repetition 2 0.322m 6.349 ™ 0.098 ™ 85.151m™ 0.242™  0.001ns 0.52m
Treatmentxtime 9 1.092™ 23.160™ 19.55¢ 2788.926™ 1.054™  0.033%* 8.162™
Error 31 0.0470 2.39 98.531 66.874 0.217 0.055 0.615
Total 48 - - - - - - -
", * " Not-significant, significant at 5% and 1% levels of probability, respectively.
8
9 a
<6
=
T 2
=
0
0 30 60 90
Storage time (day)
——M0 M200 M400 M600

Figure 1. Changes in the weight loss of orange fruit treated with different concentrations of melatonin during storage.
Different letters on each day indicate significant differences between the data (p<0.05).
MO: control, M200: containing 200 pmol/L melatonin, M400: containing 200 pmol/L melatonin, M600: containing 600
pmol/L melatonin
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Figure 2. Changes in firmness of orange fruit treated with different concentrations of melatonin during storage
(percentage)
Different letters on each day indicate significant differences between the data (p<0.05).
MO: control, M200: containing 200 umol/L melatonin, M400: containing 200 umol/L melatonin, M600:
containing 600 pmol/L melatonin

Sl s e oy Sl epes Gl U om0
—an A el dald b e sl sles Ole (gl sne
mg 100g-) ali 53 S sSal doml o 2S4S (6,5 b
ke s o i o Sl s, 40 Sl e (B0/YY TFW

(WYY mg 100g-1 FW) 55 Ve o 00

258

EWPRCONRWIE

Sl s e slaslass 53 Iy Sy sl Ao



e 5B 5 s sl e S S s

UL 5 ospl 2l 50 Lo yems

Y-V L VO PRS0 VOO { R 1 O LAWY
Sl St al SopsSal sl cdls rals
e cpl s [FVICel Al Sy 55l O gl S|
b I Gk Sl e b e oS 515 0L
3 a5 Kl Jilasa |, H202 ez R
o 3 0L 5 Kls sy l5l |y Sy Sl a5
che Sl sl e les 45 Lsls 515 TN
5 MDA 5 H202 rezs 2ol Sy sl

[YA] 55 o oS 55 elie d (s pdid s

5 Sl e el G pn S sSal el Ll 4
Al 5 05508 [FE] ol OlaSI ST S en
S sS 5 LT SLIKGsl Ladts w55 e K55
Sl GlenS1 AT b b i 31 O30S Jlas
Pl o3 sl 5 b s IS 515 s 50l 1y 0 g
Sie WJyeme gsba [F0] wS clblbee g s
Ll e SRl Lol by csdS L S Sl
ealS ol Bl Al s G pl s &S &S 0les
Wl 13158 6 g 53 [T O1Ses 5 Naiir ol b b e

S Slall i b & el Ol Al

Ascorbic acid (mg 100g-1 FW)

40
0 30 60 90
Storage time (day)
——M0 M200 M400 M600

Figure 3. Changes in ascorbic acid of orange fruit treated with different concentrations of melatonin during
storage.
Different letters on each day indicate significant differences between the data (p<0.05).
MO: control, M200: containing 200 umol/L melatonin, M400: containing 200 umol/L melatonin, M600:
containing 600 pumol/L melatonin
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Figure 4. Changes in soluble solids of orange fruit treated with different concentrations of melatonin during
storage.
Difterent letters on each day indicate significant differences between the data (p<0.05).
MO: control, M200: containing 200 umol/L melatonin, M400: containing 200 umol/L melatonin, M600:
containing 600 umol/L melatonin
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Figure 5. Changes in total phenolic content of orange fruit treated with different concentrations of melatonin
during storage (micrograms/kg fresh weight)

Different letters on each day indicate significant differences between the data (p<0.05).

MO: control, M200: containing 200 umol/L melatonin, M400: containing 200 umol/L melatonin, M600:
containing 600 umol/L melatonin
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Figure 6. Changes in total phenolic content of orange fruit treated with different concentrations of melatonin
during storage (micrograms/g FW)
Different letters on each day indicate significant differences between the data (p<0.05).
MO: control, M200: containing 200 pmol/L melatonin, M400: containing 200 pmol/L melatonin, M600:
containing 600 umol/L melatonin

DM 5T O oe Sl 51 bt s 3 0 5m (5513455 511
055 SG 3 a3 A (P>0/00) s edalie ose IS
S5 oSl SO Ol e dndls 3 gl
S adle ke s conl ol sl 3T gadIKsl,
ST T ol s o e, 5,05 VL Slaes]
3Ll St ) 600 (15485 3 0325 sboay O
S Olgsa o sthe (opl L oedle [EE] ol ol
Sse gl 2 AUl iy o A s IS
[£0] OLSan 5 Ge bl anlllan b bl yan 3,105 sl
5 s ol sl e 03,36 L o 53 oS sl DL
—o 5o DPPH JIol5 oS lge 2l 53l s Lo 55 500
sl Alts s 61385 Obey ode s ‘,;iﬁ g osla
LS Sl 5 [N 0LKea 5 Cao pomen .ol
oSy g S Jled Gib Sl G55 b e ege les
o Sy Dl ST 5 ST SYBIS G e

262

Ol S 1 1YY

Dless a8 sls LS Waesls uibsls a5 31 Jeol> C,L:;

g ST Gy (S Cpolr b b Ol o 5D
o o SIS I L s gl sl b s W,
Cle Ol Ol I8 Ll OLE sdal s =k
fglie 5 Iy SRS J L ese JS OS]
At cow ogme IS OlaenST 5T Cled Ao s Sl
OS5l lad Ao 55 o8 513 0L Jle 5 Olej bz
OB (ol g psba Jles elas 3 Ol b s S
Wbts i 53 61K s 0Ll s Sgssba (il
85 IS OMSI BT Olgn 2o oS 5 o
5 (Ao, sV e Waey S fre e s
Sl gme OVl s S sdaline (Ao s YA/A0) dalis

5003 ala [l 5 e Y ge s S ber Chle



e el 2l g SIS 5l e CdS s s

UL 5 ospl 2l 50 Lo yems

Antioxidant DDPH(%)
W
W

L e Sl L1 3 LolnST 5T 5z Ol 2l 50
el ol anlllas

30
25
20
0 30 60 90
Storage time (day)
——M0 M200 M400 M600

Figure 7. Changes in total antioxidant content of orange fruit treated with different concentrations of melatonin
(%) during storage

Different letters on each day indicate significant differences between the data (p<0.05).
MO: control, M200: containing 200 pmol/L melatonin, M400: containing 200 pmol/L melatonin, M600:
containing 600 umol/L melatonin

Al ol il

(Hss gbolg 5l b colem 65 ms fasn ol
Sl 03 S0 28l s ol 22 b ol

S8 s 5 5 L

Gend Aol 5 5O s (b s OB 5 aes
ol Rl g daee s S8 Sle 5 5 pl e 2l
S dlie sl me IS sla el 5 CIlas (5ol e
Alle il 26 5 POl Laaly skalis iar
Lal, sl ols dalls

(3 oreiwd 15 o0

@L’.A—O

[1] FAO. (2023). FAO. Food And Agriculture
Organizations of the United Nations [Internet]. 2023.
Available from: http://www.fao.org/faostat/en/#data.
[Accessed: June 2, 2023].

[2] Lu, X., Zhao, C., Shi, H., Liao, Y., Xu, F., Du, H.,
Xiao, H., & Zheng, J. (2023). Nutrients and bioactives

263

S domi-t
23 Gos abss b b il sl e sl les
By Doy 03 b5 oS 3 e 30 U
L b Ul ames 5 ege 055 Al 5 GipeS
SRl B anded 5 Ll b s S Sl A
Doloms dalor 3150 28l e 5 L 5 IS OS] 5
S g Vs S e G0 a3 S e WUl
e S ol 3l eslid ol sl LS | (s e s
oge Sl 55 Lad g 5 Cslie LBy, Olsea Ll

23,8 sl U

e’Lu slas

s gy ol (gl (83550 e
in citrus fruits: Different citrus varieties, fruit parts,
and growth stages. Critical Reviews in Food Science
and Nutrition, 63(14), 2018-2041.
https://doi.org/10.1080/10408398.2021.1969891.

[3] Mannucci, C., Calapai, F., Cardia, L., Inferrera,
G., D’Arena, G., Di Pietro, M., Navarra, M.,


https://doi.org/10.1080/10408398.2021.1969891

1800 LT Y 6,95 AWV o ke

Qlﬂl L;l"lb Gw‘gf}l&&u

Gangemi, S., Ventura Spagnolo, E., & Calapai, G.
(2018). Clinical Pharmacology of Citrus aurantium
and Citrus sinensis for the Treatment of Anxiety.
Evidence-Based Complementary and Alternative
Medicine, 2018(1), 3624094.
https://doi.org/10.1155/2018/3624094

[4] Shi, F., Li, X., Meng, H., Wei, W., & Wang, Y.
(2020). Reduction in chilling injury symptoms by hot
electrolyzed functional water treatment may function
by regulating ROS metabolism in Satsuma orange
fruit. Lwt, 125, 109218.
https://doi.org/10.1016/j.Iwt.2020.109218

[5] Zhang, W., Cao, J., Fan, X., & Jiang, W. (2020).
Applications of nitric oxide and melatonin in
improving postharvest fruit quality and the separate
and crosstalk biochemical mechanisms. Trends in
Food Science & Technology, 99, 531-541.
https://doi.org/10.1016/1.tifs.2020.03.024.

[6]Ma, Q., Zhu, L., Feng, S., Xu, R., Kong, D., Deng,
X., & Cheng, Y. (2015). Fluroxypyr—a potential
surrogate of 2, 4-dichlorophenoxyacetic acid for
retarding calyx senescence in postharvest citrus fruit.
Postharvest Biology and Technology, 105, 17-25.
DOI:10.1016/j.postharvbio.2015.03.006.

[7] Baswal, A. K., Dhaliwal, H. S., Singh, Z.,
Mabhajan, B. V. C., & Gill, K. S. (2020). Postharvest
application of methyl jasmonate, 1-
methylcyclopropene and salicylic acid extends the
cold storage life and maintain the quality of
‘Kinnow’mandarin (Citrus nobilis L. X C. deliciosa
L.) fruit. Postharvest Biology and Technology, 161,
111064.
https://doi.org/10.1080/15538362.2020.1860865.

[8] Wang, Y., Reiter, R. J., & Chan, Z. (2018).
Phytomelatonin: a universal abiotic stress regulator.
Journal of Experimental Botany, 69(5), 963-974.
https://doi.org/10.1093/jxb/erx473.

[9] Altaf, M. A., Shahid, R., Ren, M., Mora-Poblete,
F., Arnao, M. B., Naz, S., Anwar, M., Altaf, M. M.,
Shahid, S., & Shakoor, A. (2021). Phytomelatonin:
An overview of the importance and mediating
functions of melatonin against environmental stresses.
Physiologia Plantarum, 172(2), 820-846.
https://doi.org/10.1111/ppl.13262.

[10] Bhardwaj, R., Pareek, S., Mani, S., Dominguez-
Avila, J. A., & Gonzalez-Aguilar, G. A. (2022). A
melatonin treatment delays postharvest senescence,
maintains quality, reduces -chilling injury, and
regulates antioxidant metabolism in mango fruit.
Journal of Food Quality, 2022(1), 2379556.
https://doi.org/10.1155/2022/2379556.

264

[11] Fan, S., Li, Q., Feng, S., Lei, Q., Abbas, F., Yao,
Y., Chen, W., Li, X., & Zhu, X. (2022). Melatonin
maintains fruit quality and reduces anthracnose in
postharvest papaya via enhancement of antioxidants
and  inhibition of pathogen development.
Antioxidants, 11(5), 804.
https://doi.org/10.3390/antiox11050804.

[12] Tan, X., Zhao, Y., Shan, W., Kuang, J., Lu, W.,
Su, X., Tao, N., Lakshmanan, P., & Chen, J. (2020).
Melatonin delays leaf senescence of postharvest

Chinese  flowering cabbage through ROS
homeostasis. Food Research International, 138,
109790.

https://doi.org/10.1016/j.foodres.2020.109790

[13] Xie, J., Qin, Z., Pan, J., Li, J., Li, X., Khoo, H.
E., & Dong, X. (2022). Melatonin treatment improves
postharvest quality and regulates reactive oxygen
species metabolism in “Feizixiao” litchi based on
principal component analysis. Frontiers in Plant
Science, 13, 965345.
https://doi.org/10.3389/fpls.2022.965345.

[14] Gao, H., Zhang, Z. K., Chai, H. K., Cheng, N.,
Yang, Y., Wang, D. N., Yang, T., & Cao, W. (2016).
Melatonin treatment delays postharvest senescence
and regulates reactive oxygen species metabolism in
peach fruit. Postharvest Biology and Technology,
118, 103-110. DOI:
10.1016/j.postharvbio.2016.03.006.

[15] Onik, J. C., Wai, S. C,, Li, A., Lin, Q., Sun, Q.,
Wang, Z., & Duan, Y. (2021). Melatonin treatment
reduces ethylene production and maintains fruit
quality in apple during postharvest storage. Food
Chemistry, 337, 127753.
https://doi.org/10.1016/j.foodchem.2020.127753.

[16] Rastegar, S., Aghaei Dargiri, S., & Mohammadi,
M. (2024). Mitigating postharvest chilling injury in
Orlando tangelo fruit: potential of melatonin and
GABA in enhancing the antioxidant system. Acta
Physiologiae Plantarum, 46:30,
https://doi.org/10.1007/s11738-024-03653-9.

[17] Shah, H.M.S, Singh, Z., Afrifa-Yamoah, E.,
Hasan, M.U., Kaur, J., & Woodward, A. (2023).
Insight into the role of melatonin in mitigating chilling
injury and maintaining the quality of cold-stored fruits
and vegetables. Food Review International.
https://doi.org/10.1080/87559129.2023.2212042.

[18] Ehteshami, S., Dastjerdi, A. M., Ramezanian, A.,
Etemadipoor, R., Abdollahi, F., Salari, M., & Shamili,
M. (2022). Effects of edible alginate coating enriched
with organic acids on quality of mango fruit during
storage. Journal of Food Measurement and
Characterization, 16(1), 400—-409.
https://doi.org/10.1007/s11694-021-01166-4.



https://doi.org/10.1155/2018/3624094
https://doi.org/10.1016/j.lwt.2020.109218
https://doi.org/10.1016/j.tifs.2020.03.024
https://doi.org/10.1080/15538362.2020.1860865
https://doi.org/10.1093/jxb/erx473
https://doi.org/10.1111/ppl.13262
https://doi.org/10.1155/2022/2379556
https://doi.org/10.3390/antiox11050804
https://doi.org/10.1016/j.foodres.2020.109790
https://doi.org/10.3389/fpls.2022.965345
https://doi.org/10.1016/j.foodchem.2020.127753
https://doi.org/10.1007/s11738-024-03653-9
https://doi.org/10.1080/87559129.2023.2212042
https://doi.org/10.1007/s11694-021-01166-4

e 5B 5 s sl e S S s

UL 5 ospl 2l 50 Lo yems

[19] Baninaiem, E., & Dastjerdi, A. M. (2023).
Enhancement of storage life and maintenance of
quality in tomato fruits by preharvest salicylic acid
treatment. Frontiers in Sustainable Food Systems, 7,
1180243.
https://doi.org/10.3389/fsufs.2023.1180243.

[20] Hashemi, M., Shakerardekani, A., Mirzaalian
Dastjerdi, A., & Mirdehghan, S. (2021). Effect of
sodium alginate in combination with Zataria
multiflora  Boiss. On  phenolic compounds,
antioxidant activity, and Browning enzymes of fresh
in-Hull pistachio (Pistacia vera L.). Journal of Food
Quality, 2021(1), 3193573.
https://doi.org/10.1155/2021/3193573.

[21] Yang, L., Wang, X., He, S., Luo, Y., Chen, S.,
Shan, Y., Wang, R., & Ding, S. (2021). Heat shock
treatment maintains the quality attributes of
postharvest jujube fruits and delays their senescence
process during cold storage. Journal of Food
Biochemistry, 45(10), e13937.
https://doi.org/10.1111/jfbc.13937.

[22] Li, X., Pei, Z., Meng, L., Jiang, Y., Liu, H., &
Pan, Y. (2023). Investigation on epidermal structure
and water migration of postharvest passion fruit
during storage. Journal of Food Science, 88(10),
4046-4058. https://doi.org/10.1111/1750-
3841.16732.

[23] Pérez-Llorca, M., Muifioz, P., Miiller, M., &
Munné-Bosch, S. (2019). Biosynthesis, metabolism
and function of auxin, salicylic acid and melatonin in
climacteric and non-climacteric fruits. Frontiers in
Plant Science, 10, 136.
https://doi.org/10.3389/fpls.2019.00136.

[24] Shang, F., Liu, R., Wu, W_, Han, Y., Fang, X.,
Chen, H., & Gao, H. (2021). Effects of melatonin on
the components, quality and antioxidant activities of
blueberry fruits. Lwt, 147, 111582.
DOI:10.1016/j.1wt.2021.111582.

[25] Hu, W., Yang, H., Tie, W., Yan, Y., Ding, Z., ,
Y., Wu, C., Wang, J., Reiter, R. J., & Tan, D.-X.
(2017). Natural variation in banana varieties
highlights the role of melatonin in postharvest
ripening and quality. Journal of Agricultural and Food
Chemistry, 65(46), 9987-9994.
https://doi.org/10.1021/acs.jafc.7b03354.

[26] Liu, J., Yang, J., Zhang, H., Cong, L., Zhai, R.,
Yang, C., Wang, Z.,, Ma, F., & Xu, L. (2019).
Melatonin inhibits ethylene synthesis via nitric oxide
regulation to delay postharvest senescence in pears.
Journal of Agricultural and Food Chemistry, 67(8),
2279-2288. https://doi.org/10.1021/acs.jafc.8b06580

265

[27] Yan, R., Li, S., Cheng, Y., Kebbeh, M., Huan, C.,
& Zheng, X. (2022). Melatonin treatment maintains
the quality of cherry tomato by regulating endogenous
melatonin and ascorbate-glutathione cycle during
room temperature. Journal of Food Biochemistry,
46(10), €14285. https://doi.org/10.1111/jfbc.14285.

[28] Silva, G. M. C., Silva, W. B., Medeiros, D. B.,
Salvador, A. R., Cordeiro, M. H. M., da Silva, N. M.,
Santana, D. B., & Mizobutsi, G. P. (2017). The
chitosan affects severely the carbon metabolism in
mango (Mangifera indica L. cv. Palmer) fruit during
storage.  Food  Chemistry, 237, 372-378.
https://doi.org/10.1016/j.foodchem.2017.05.123.

[29] Mansouri, S., Sarikhani, H., Sayyari, M., &
Aghdam, M. S. (2021). Melatonin accelerates
strawberry fruit ripening by triggering GAMYB gene
expression and promoting ABA accumulation.
Scientia Horticulturae, 281, 109919.
https://doi.org/10.1016/j.scienta.2021.109919.

[30] Cai, S., Zhang, Z., Wang, J., Fu, Y., Zhang, Z.,
Khan, M. R., & Cong, X. (2024). Effect of exogenous
melatonin on postharvest storage quality of passion
fruit through antioxidant metabolism. LWT, 194,
115835. https://doi.org/10.1016/j.1wt.2024.115835.

[31] Carrion-Antoli, A., Martinez-Romero, D.,
Guillén, F., Zapata, P. J., Serrano, M., & Valero, D.
(2022). Melatonin pre-harvest treatments leads to
maintenance of sweet cherry quality during storage by
increasing antioxidant systems. Frontiers in Plant
Science, 13,
863467 .https://doi.org/10.3389/fpls.2022.863467.

[32] Bal, E. (2021). Effect of melatonin treatments on
biochemical quality and postharvest life of nectarines.

Journal of Food Measurement and Characterization,
15(1), 288-295. DOI:10.1007/s11694-020-00636-5.

[33]Ma, Q., Lin, X., Wei, Q., Yang, X., Zhang, Y., &
Chen, J. (2021). Melatonin treatment delays
postharvest  senescence and maintains  the
organoleptic quality of ‘Newhall’navel orange (Citrus
sinensis (L.) Osbeck) by inhibiting respiration and
enhancing antioxidant capacity. Scientia
Horticulturae, 286:110236.

[34] Yao, M., Ge, W., Zhou, Q., Zhou, X., Luo, M.,
Zhao, Y., Wei, B., & Ji, S. (2021). Exogenous
glutathione alleviates chilling injury in postharvest
bell pepper by modulating the ascorbate-glutathione
(AsA-GSH) cycle. Food Chemistry, 352, 129458.
https://doi.org/10.1016/j.foodchem.2021.129458.

[35] Kou, X., He, Y., Li, Y., Chen, X., Feng, Y., &
Xue, Z. (2019). Effect of abscisic acid (ABA) and
chitosan/nano-silica/sodium alginate composite film
on the color development and quality of postharvest


https://doi.org/10.3389/fsufs.2023.1180243
https://doi.org/10.1155/2021/3193573
https://doi.org/10.1111/jfbc.13937
https://doi.org/10.1111/1750-3841.16732
https://doi.org/10.1111/1750-3841.16732
https://doi.org/10.3389/fpls.2019.00136
https://doi.org/10.1021/acs.jafc.7b03354
https://doi.org/10.1021/acs.jafc.8b06580
https://doi.org/10.1111/jfbc.14285
https://doi.org/10.1016/j.foodchem.2017.05.123
https://doi.org/10.1016/j.scienta.2021.109919
https://doi.org/10.1016/j.lwt.2024.115835
https://doi.org/10.1016/j.foodchem.2021.129458

1800 LT Y 6,95 AWV o ke

C)lﬂl L;l"lb Gw‘gf}lﬁ&u

Chinese winter jujube (Zizyphus jujuba Mill. cv.
Dongzao). Food Chemistry, 270, 385-394.
https://doi.org/10.1016/j.foodchem.2018.06.151.

[36] Nair, M. S., Saxena, A., & Kaur, C. (2018).
Effect of chitosan and alginate based coatings
enriched with pomegranate peel extract to extend the
postharvest quality of guava (Psidium guajava L.).
Food Chemistry, 240, 245-252.
https://doi.org/10.1016/j.foodchem.2017.07.122.

[37] Sogvar, O. B., Saba, M. K., & Emamifar, A.
(2016). Aloe vera and ascorbic acid coatings maintain
postharvest quality and reduce microbial load of
strawberry ~ fruit.  Postharvest Biology and
Technology, 114, 29-35.
https://doi.org/10.1016/j.postharvbio.2015.11.019.

[38] Wang, F., Zhang, X., Yang, Q., & Zhao, Q.
(2019). Exogenous melatonin delays postharvest fruit
senescence and maintains the quality of sweet
cherries.  Food  Chemistry, 301, 125311.
https://doi.org/10.1016/j.foodchem.2019.125311.

[39] Hamedani, M., Moradi, H., & Ghanbari, A.
(2014). Effect of Harvest Time and Storage on Moro
Blood Orange Fruit Quality (Citrus sinensis cv.
Moro). Journal Of Horticultural Science, 28(2), 252-
259. https://doi.org/10.22067/jhorts4.v0i0.39412.

[40] Liu, C., Zheng, H., Sheng, K., Liu, W., & Zheng,
L. (2018). Effects of melatonin treatment on the
postharvest quality of strawberry fruit. Postharvest
Biology and Technology, 139, 47-55.
https://doi.org/10.1016/J.POSTHARVBIO.2018.01.0
16

[41] Hussain, 1., Rab, A., Khan, S. M., Naveed, K.,
Ali, S., Hussain, 1., & Sajid, M. (2017).
Physiochemical changes in oranges during different
storage durations and temperatures. Pure and Applied
Biology (PAB), 6(1), 394-401.
DOI:10.19045/bspab.2017.60039.

[42] Sun, Q., Zhang, N., Wang, J., Zhang, H., Li, D.,
Shi, J., Li, R., Weeda, S., Zhao, B., & Ren, S. (2015).
Melatonin promotes ripening and improves quality of
tomato fruit during postharvest life. Journal of
Experimental Botany, 66(3), 657-668.
https://doi.org/10.1093/jxb/eru332

[43] Bhardwaj, R., Pareek, S., Mani, S., Dominguez-
Avila, J. A., & Gonzélez-Aguilar, G. A. (2022). A
melatonin treatment delays postharvest senescence,
maintains quality, reduces chilling injury, and
regulates antioxidant metabolism in mango fruit.
Journal of Food Quality, 2022(1), 2379556.
https://doi.org/10.1155/2022/2379556.

266

[44] Meitha, K., Pramesti, Y., & Suhandono, S.
(2020). Reactive oxygen species and antioxidants in
postharvest vegetables and fruits. International
Journal of Food Science, 2020(1), 8817778.
https://doi.org/10.1155/2020/8817778.

[45] Ge, C., Luo, Y., Mo, F., Xiao, Y.-H., Li, N.-Y.,
& Tang, H.-R. (2019). Effects of glutathione on the
ripening quality of strawberry fruits. AIP Conference
Proceedings, 2079(1), 020013.
DOI:10.1063/1.5092391.

[46] Cao, S., Song, C., Shao, J., Bian, K., Chen, W.,
& Yang, Z. (2016). Exogenous melatonin treatment
increases chilling tolerance and induces defense
response in harvested peach fruit during cold storage.
Journal of Agricultural and Food Chemistry, 64(25),
5215-5222. https://doi.org/10.1021/acs.jafc.6b01118.



https://doi.org/10.1016/j.foodchem.2018.06.151
https://doi.org/10.1016/j.foodchem.2017.07.122
https://doi.org/10.1016/j.postharvbio.2015.11.019
https://doi.org/10.1016/j.foodchem.2019.125311
https://doi.org/10.22067/jhorts4.v0i0.39412
https://doi.org/10.1016/J.POSTHARVBIO.2018.01.016
https://doi.org/10.1016/J.POSTHARVBIO.2018.01.016
https://doi.org/10.1155/2022/2379556
https://doi.org/10.1155/2020/8817778
https://doi.org/10.1021/acs.jafc.6b01118

JFST No. 177, Vol. 23, November 2026

Homepage:www.fsct.modares.ir

Journal of Food Science and Technology (Iran)

Scientific Research

Improving postharvest quality and increasing the storage life of 'March Early' orange

using melatonin

M. PourEbrahimi!, L. Jafari*’, A. Mirzaalian Dastjerdi >

1-Ph.D. student, post-harvest physiology and technology, University of Hormozgan, Bandar Abbas, Iran.
2-*Associate Professor, Department of Horticulture, University of Hormozgan, Bandar Abbas, Iran.
3- Assistance Professor, Department of Horticulture, University of Hormozgan, Bandar Abbas, Iran.

ARTICLE INFO

ABSTRACT

Article History:
Received: 2025/12/12
Review: 2026/04/11

Accepted: 2026/04/18

Keywords:

Antioxidant,
Ascorbic acid,
Firmness,

Phenol,

Quality

10.48311/fsct.2026.118268.82983
*Corresponding Author E-

jafari.leila@hormozgan.ac.ir

Melatonin, a natural hormone with antioxidant properties and growth-
regulating effects, has recently gained attention as an effective agent for
maintaining the postharvest quality of fruits. The present study aimed to
investigate the role of melatonin on the postharvest characteristics of orange
fruit during storage through a factorial experiment with a completely
randomized design, including three replications, conducted at the
Horticultural Science Laboratory, University of Hormozgan, in 2023-2024.
After treatment with melatonin at concentrations of 200, 400, and 600 puM,
the fruits were stored in a cold chamber at 5 + 1 °C and 90 + 5% relative
humidity for 90 days. Sampling was conducted every 30 days to evaluate
parameters such as weight loss, titratable acidity, ascorbic acid, firmness,
total soluble solids, total antioxidant activity, and phenolic compounds. The
results showed that fruits treated with 400 pM melatonin experienced
significantly less weight loss (35.80%) compared to other treatments and the
control group. Additionally, these fruits exhibited higher levels of phenolic
compounds (354.8 ug g! FW), firmness (49.75 N), ascorbic acid (61.73 mg
100 g' FW), total antioxidant activity (37.76%), and titratable acidity
(1.03%). The fruits treated with 400 uM melatonin also had the lowest
soluble solids content (13.21 °Brix). The combination of melatonin
demonstrated strong antioxidant properties and the ability to act as a
protective agent, inhibiting free radicals. This study revealed that a 400 uM
concentration of melatonin effectively extended the shelf life of orange fruit
by preserving antioxidant properties and enhancing quality.
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