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Effect of Postharvest Application of y-Aminobutyric Acid, Methyl
Jasmonate, and Methyl Salicylate on Chilling Injury, Peel Attributes and
Fruit Juice Quality of ‘Moro’ Blood Orange During Cold Storage
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Fig. 1. Chilling injury (CI) index of ‘Moro’ blood orange fruit treated with GABA, MeJA and MeSA during cold

storage. Vertical bars on columns represent standard errors (SE) of means. Means in each column with
similar letters are not significantly different at 5% level of probability using LSD test.
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Fig. 2. Electrolyte leakage of ‘Moro’ blood orange fruit treated with GABA, MeJA and MeSA during cold
storage. Vertical bars on columns represent standard errors (SE) of means. Means in each column with
similar letters are not significantly different at 5% level of probability using LSD test.
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Fig. 3. Peel moisture of ‘Moro’ blood orange fruit treated with GABA, MeJA and MeSA during cold storage.
Vertical bars on columns represent standard errors (SE) of means. Means in each column with similar
letters are not significantly different at 5% level of probability using LSD test.
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Table 1. Effect of GABA, MeJA and MeSA treatments on peel color of ‘Moro’ blood orange fruit during cold

storage.
ot Sl gley sl o b o e Les,S

Treatment Storage time L* Hue angle (°) Chroma
Control 57.07+0.05 ab 21.5+0.84 k-n 60.04+0.37 b 70.3+0.82 ab 63.78+0.07 b
GABA 20 mM 59.46+1.46 a 24.1+1.53 e-j 64.08+0.69 a 69.4+1.00a-c  68.48+1.19a
GABA 40 mM 57+4.56 a-c 21.1140.14 k-m  63.69+2.67 a 71.64+0.83 a 67.1142.49 a
MeJA 50 uM 1+2 55.83+1.74a-c  23.21+2.68 -k  54.9+£0.71¢ 67.09+£2.64 c-f  59.65+0.39 ¢
MeJA 100 uM 55.5540.06 a-c =~ 21.24£1.3 k-n 56.03+2.23 ¢ 69.25£0.41 b-d 59.93+2.55¢
MeSA 50 uM 55.1444.12 a-e ~ 22.03+0.45 j-1 55.73£1.505¢  68.42+£0.93 b-f 59.94+1.23 ¢
MeSA 100 pM 56.6142.13 a-c  22.36+0.21 i-l 55.66+0.66 ¢ 68.11£0.05 b-f  59.98+0.69 ¢
Control 41.3241.41 o-t 21.59+0.24 k-m  40.99+0.35 hi 62.22+0.06 g-i  46.34+0.43 ij
GABA 20 mM 52.03+0.74b-g  20.375+£0.28 -0  50.69£0.56 ef  68.1+0.5 b-f 54.64+0.42 d
GABA 40 mM 46.4142.49 i-n 18.015+£0.81 pq  46.08+1.95 g 68.65+0.05 b-e  49.48+2.12 gh
MeJA 50 uM 30+2 48.0143.41 i-m  19.45+1.14n-p  45.82+0.26 g 67.01+1.09 d-f  49.78+0.68 fg
MeJA 100 uM 48.1340.88 -1 19.56+1.03 m-p 4494033 g 66.46+1.26 ef  48.99+0.10 gh
MeSA 50 uM 46.0843.5 i-0 18.15£0.18 pq  45.08+0.1 g 68.06+0.2 b-f  48.60+0.07 g-i
MeSA 100 pM 53.12+0.04 b-f  18.74+1.34 0-q  52.005£1.05de 70.19+0.94ab  55.29+1.45d
Control 45.09+1.33 j-p 21.73+0.09 kl 41.67£1.25h 62.45+0.61 gh  47.00+1.15 hi
GABA 20 mM 43.3443.16 1-r 21.1140.89 k-m  32.154+0.24 1 56.72+1.3 kl 38.47+0.29 n-p
GABA 40 mM 50.18+1.27 e-i 21.6742.84 k-m  49.06+1.02 g 66.23+£2.34 53.66+2.08 de
MeJA 50 uM 60+2 55.05+1 a-c 20.4+0.1 1-0 5431x1.75¢cd  69.4+0.61 a-c  58.02+1.64 ¢
MeJA 100 uM 56.27+2.45a-d  26.53+£1.47a-c  52.58+0.92de  63.24+0.88 g 58.90+1.49 ¢
MeSA 50 uM 46.8+1.74 i-n 17.5+0.35 pq 40.71+£2.32 hi  66.71+0.77 ef ~ 44.32+2.28 jk
MeSA 100 pM 51.98+3.05¢c-g  24.16£0.83e-i  46.11+£0.08 g 62.35+0.85 g-i  52.06+0.32 ef
Control 347£33u 25.2+41.99 c-f 23174222 qr 42574049 q-s  34.24+2.97 qr
GABA 20 mM 38.974+4.1 q-u 22.7+0.52 h-k 25.96+0.4 0 48.84+0.21 n 34.49+0.64 qr
GABA 40 mM 42.85£0.49 n-s  23.1840.87 f-k  34.96+£2.62 jk = 56.37+2.971 41.98+1.7 k-m
MeJA 50 uM 90+2 42.18+0.81 n-s  25.58+0.8 b-e 34.62+1.71 )k 53.51£2.21m  43.07+0.9 kl
MeJA 100 uM 38.6+1.29 r-u 21.4740.08 k-n  22.12+1.95r 45.7842.42 0p  30.84+1.45s
MeSA 50 uM 40.9944.08 p-t  22.01£1.2 j-1 36.62+2.85j 58.9740.6 jk 42.7343.07 k-m
MeSA 100 uM 34.57+4.99 u 15.24+0.39r 26.58+0.46 no  60.17£1.06 h-j  30.64+0.21 s
Control 43.06+2.66 1-r 22.08+2.92 i-1 28.46+0.81 mn  52.32+2.89m  36.05+2.43 pq
GABA 20 mM 42.9542.55 mr  25.19+0.24 c-f  29.2941.91m  49.2542.12n 38.65+1.29 no
GABA 40 mM 34.71£2.05u 27.92+1.15a 23.47+0.6 p-r 40.07+0.44 t 36.48+1.27 o-q
MeJA 50 uM 120+2 40.3+£0.59 p-t 21.1841.27k-n  2748+1.6 m-o  52.38+0.05m  34.70+2.04 qr
MeJA 100 uM 41.78+£0.51 n-t  27.12+1.82 ab 22.95+0.7 r 40.27£1.04 st 35.54+1.85¢q
MeSA 50 uM 43.96+1.48k-q  22.92+1.82 g-k  21.67+0.77 r 43454125 pr 31.55+£1.85s
MeSA 100 uM 34.88+0.42 u 24.76+£0.92 e-h  21.63+1.22r 41.1240.55st  32.89+1.50 s
Control 37.78+1.46s-u  21.3240.71k-n  23.03+£0.77qr  47.2+0.00 no 31.39+1.05 s
GABA 20 mM 36.835£2.55tu  23.0140.7 g-k 253+2.570-q  47.62+2.04 no  34.22+2.38 qr
GABA 40 mM 51.365+6.99 e-h  25.01+1.06 c-g  33.27+1.73 kl 53.06+0.27 m  41.63+£2.02 Im
MeJA 50 uM 150+2 37.805£1.42s-u  26.2242.43a-d 25.57£1.06 op 44.35+£3.84pq  36.68+1.00 o-q
MeJA 100 uM 49.845+0.73 e-i  24.02+2.77 e-j  41.67+0.75 h 60.11+2.42 ij 48.13+£2.03 g-i
MeSA 50 uM 49.005+6.29 -k 20.474£0.021-0  34.74+0.005 jk  59.4940.03 j 40.33+0.01 mn
MeSA 100 pM 43.61+1.28 I-r 16.64+0.43 qr 39.14+1.73 i 66.96+0.38 d-f  42.54+1.76 k-m

Means in each column with similar letters are not significantly different at 5% level of probability using LSD
test. The results are represented by standard deviation (SD) of means.
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Fig. 4. Effect of treatments on juice content (A), TSS (B), pH (C) and EC (D) of ‘Moro’ blood orange fruit
during cold storage. Vertical bars on columns represent standard errors (SE) of means. Means in each
column with similar letters are not significantly different at 5% level of probability using LSD test.

035 9% U 51 0500 () egme oI EC 5 () pH () (TSS) S Jsloo dulz slaosle d(call) ogo ol yl5en 1 lajlas J31-F S5
Ogms o 30 el 528 SE) o laibisl glallas sains lis e ;2 50 goges sladas . Sle)lil 0)50 10 5580
35,185 gl e glas LSD yg031 70 Jlotiorl grdans 10 coiind asliie slacd > slls a5 sla Sl

S 5 Ao
Lis g Sojleym gbalis pals cel ad, [Say clloy 5l Gw slajlag a5 ol olid jiagh cpl sloaxs
0)95 30 slosd (p e Ol Juio Vgag Sia Ve e Cale o les ()0 ad oge o g Sy (S sla g
sl Shy hix 5 (Sojlerw S5 Glp 6o, )l pleed Wlgge OMenddlo hite Jlos (ulple g Syl
255 1A eolil 8550 Sae Vsb Sl Ll )90 50 5550 03, (g i g o 5 gy

References &b

.

2 oSl o8, 9> JWp ogee Jldcuw; lacuS 5 g olerdsSo s la,ns NP lilas, d g B o )
XFO-TVE () VA ol SLEL (3358 5 pole dloms ypms, 0,50

2. Alferez, F., M. Agusti and L. Zacarias. 2003. Postharvest rind staining in Navel oranges is aggravated by

changes in storage relative humidity: effect on respiration, ethylene production and water potential.
Postharvest Biol. Technol. 28 (1):143-152.
3. Deewatthanawong, R., J.F. Nock and C.B. Watkins. 2010. y-Aminobutyric acid (GABA) accumulation in

four strawberry cultivars in response to elevated CO» storage. Postharvest Biol. Technol. 57 (2): 92-96.

YAS


https://dor.isc.ac/dor/20.1001.1.16807154.1398.20.4.10.3
http://journal-irshs.ir/article-1-378-fa.html

[ Downloaded from journal-irshs.ir on 2025-12-14 ]

[ DOR: 20.1001.1.16807154.1398.20.4.10.3 ]

e sl e gl LalS” il il g 30,051

4. Ding, C.K., C. Wang, K.C. Gross and D.L. Smith. 2002. Jasmonate and salicylate induce the expression of
pathogenesis-related-protein genes and increase resistance to chilling injury in tomato fruit. Planta, 214 (6):
895-901.

5. Giménez, M.J., .M. Valverde, D. Valero, P.J. Zapata, S. Castillo and M. Serrano. 2016. Postharvest methyl
salicylate treatments delay ripening and maintain quality attributes and antioxidant compounds of ‘Early
Lory’ sweet cherry. Postharvest Biol. Technol. 117: 102-109.

6. Habibi, F. and A. Ramezanian. 2017. Vacuum infiltration of putrescine enhances bioactive compounds and
maintains quality of blood orange during cold storage. Food Chem. 227: 1-8.

7. Huang, X., J. Li, H. Shang and X. Meng. 2015. Effect of methyl jasmonate on the anthocyanin content and
antioxidant activity of blueberries during cold storage. J. Sci. Food Agr. 95 (2): 337-343.

8. Lado, J., M.J. Rodrigo, M. Lopez-Climent, A. Gémez-Cadenas and L. Zacarias. 2016. Implication of the
antioxidant system in chilling injury tolerance in the red peel of grapefruit. Postharvest Biol. Technol. 111:
214-223.

9. Marsh, K., S. Attanayake, S. Walker, A. Gunson, H. Boldingh and E. MacRae. 2004. Acidity and taste in
kiwifruit. Postharvest Biol. Technol. 32: 159-168.

10. Molinu, M.G., A. Dore, A. Palma, S. D’Aquino, E. Azara, V. Rodov and G. D’hallewin. 2016. Effect of
superatmospheric oxygen storage on the content of phytonutrients in ‘Sanguinello Comune’ blood orange.
Postharvest Biol. Technol. 112: 24-30.

11. Moscoso-Ramirez, P.A. and L. Palou. 2014. Effect of ethylene degreening on the development of postharvest
Penicillium molds and fruit quality of early season citrus fruit. Postharvest Biol. Technol. 91: 1-8.

12.Nguyen, T.B.T., S. Ketsa, and W.G. van Doorn. 2003. Relationship between browning and the activities of
polyphenoloxidase and phenylalanine ammonia lyase in banana peel during low temperature storage.
Postharvest Biol. Technol. 30 (2):187-193.

13.Palma, A., S. D’Aquino, S. Vanadia, A. Angioni and M. Schirra. 2013. Cold quarantine responses of
‘Tarocco’oranges to short hot water and thiabendazole postharvest dip treatments. Postharvest Biol. Technol.
78: 24-33.

14. Ramezanian, A., R. Dadgar and F. Habibi. 2018. Postharvest attributes of ‘Washington Navel’ orange as
affected by preharvest foliar application of calcium chloride, potassium chloride, and salicylic acid. Int. J.
Fruit Sci. 18(1): 68-84.

15. Rapisarda, P., M.L. Bianco, P. Pannuzzo and N. Timpanaro. 2008. Effect of cold storage on vitamin C,
phenolics and antioxidant activity of five orange genotypes [Citrus sinensis (L.) Osbeck]. Postharvest Biol.
Technol. 49 (3): 348-354.

16. Rapisarda, P., S.E. Bellomo and S. Intelisano. 2001. Storage temperature effects on blood orange fruit
quality. J. Agr. Food Chem. 49 (7): 3230-3235.

17. Sayyari, M., M. Babalar, S. Kalantari, D. Martinez-Romero, F. Guillén, M. Serrano and D. Valero. 2011.
Vapour treatments with methyl salicylate or methyl jasmonate alleviated chilling injury and enhanced
antioxidant potential during postharvest storage of pomegranates. Food Chem. 124 (3): 964-970.

18. Shang, H., S. Cao, Z. Yang, Y. Cai and Y. Zheng. 2011. Effect of exogenous y-aminobutyric acid treatment
on proline accumulation and chilling injury in peach fruit after long-term cold storage. J. Agr. Food Chem.
59(4): 1264-1268.

YAY


https://dor.isc.ac/dor/20.1001.1.16807154.1398.20.4.10.3
http://journal-irshs.ir/article-1-378-fa.html

[ Downloaded from journal-irshs.ir on 2025-12-14 ]

[ DOR: 20.1001.1.16807154.1398.20.4.10.3 ]

Ohan g (o

19. Wang, S.Y., L. Bowman, and M. Ding. 2008. Methyl jasmonate enhances antioxidant activity and flavonoid
content in blackberries (Rubus sp.) and promotes antiproliferation of human cancer cells. Food Chem.107(3):
1261-12609.

20.Wang, Y., Z. Luo, X. Huang, K. Yang, S. Gao and R. Du. 2014. Effect of exogenous y-aminobutyric acid
(GABA) treatment on chilling injury and antioxidant capacity in banana peel. Sci. Hort. 168: 132-137.

21.Yang, A., S. Cao, Z. Yang, Y. Cai and Y. Zheng. 2011. y-Aminobutyric acid treatment reduces chilling
injury and activates the defence response of peach fruit. Food Chem. 129 (4): 1619-1622.

22.7Zhang, C. and S. Tian. 2009. Crucial contribution of membrane lipids unsaturation to acquisition of chilling-
tolerance in peach fruit stored at 0° C. Food Chem. 115 (2): 405-411.

23.Zheng, Y. and Q. Zhang. 2004. Effects of polyamines and salicylic acid postharvest storage of ‘Ponkan’
mandarin. Acta Hort. 632: 317-320.

YAA


https://dor.isc.ac/dor/20.1001.1.16807154.1398.20.4.10.3
http://journal-irshs.ir/article-1-378-fa.html

[ Downloaded from journal-irshs.ir on 2025-12-14 ]

[ DOR: 20.1001.1.16807154.1398.20.4.10.3 ]

Iranian Journal of Horticultural Science and Technology 20 (4): 377-388 (2019)
Research article

Effect of Postharvest Application of y-Aminobutyric Acid, Methyl
Jasmonate and Methyl Salicylate on Chilling Injury, Peel Attributes and
Fruit Juice Quality of ‘Moro’ Blood Orange During Cold Storage

F. Habibi, A. Ramezanian*, M. Rahemi, S. Eshghi'

In this study, the effects of postharvest application of y-aminobutyric acid (GABA), methyl
jasmonate (MeJA) and methyl salicylate (MeSA) on chilling injury, peel attributes and fruit
juice quality of ‘Moro’ blood orange during cold storage at 3 °C and 90% RH for 150 days
was investigated. GABA treatment at concentrations of 20 and 40 mM using vacuum at 30
kPa for 8 minutes and MeJA and MeSA vapor treatments at 50 and 100 uM separately for 18
hours were used. Sampling was carried out on 1, 30, 60, 90, 120 and 150 days of storage.
Treatments reduced the chilling injury and electrolyte leakage. Control fruit had the highest
index of chilling injury and electrolyte leakage at the end of the storage period. The lowest
peel moisture and fruit juice and the highest total soluble solids (TSS) and pH were obtained
in control fruit. MeSA treatments had the lowest a* and the highest Hue® while the lowest
lightness (L*), b*, Hue® and chroma were obtained in control fruit. Overall, 100 pM MeSA
was the most effective treatment for reducing chilling injury and maintaining the peel and
fruit juice attributes of ‘Moro’ blood orange during cold storage.
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