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Effect of Salicylic Acid on Some Char acteristics of Lime Fruits (Citrus
aurantifoliaL.) in Storage
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Fig. 1. Effect of salicylic acid on phenolic compound of lime fruit during storage. Mean with same
letter are not significantly different at P<0.05 according to the Duncan test. The vertical line

on the columns show means + standard errors.
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Fig. 2. Effect of salicylic acid on antioxidant activity of lime fruit during storage. Mean with same letter
are not significantly different at P<0.05 according to the Duncan test. The vertical line on the
columns show means * standard errors.
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Fig. 3. Effect of salicylic acid on malondiadehyde of lime fruit during storage. Mean with same letter are
not significantly different at P<0.05 according to the Duncan test. The vertical line on the columns

show means * standard errors.
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Fig. 4. Effect of salicylic acid on ion |eakage of lime fruit during storage. Mean with same letter are not
significantly different at P<0.05 according to the Duncan test. The vertical line on the columns

show means * standard errors.
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Table 1. Effect of salicylic acid on sensory properties, felavdo browning, chilling injury and
decay of limefruit at harvest time and during storage.
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SA; 10.50 £ 0.00 1850+0.00 1450+0.00 37.13+0.10 1150+0.00 4238+0.25
20 SA; 10.50 £ 0.00 1850+0.00 14.50+0.00 35+0.12 1150+0.00 39.75+0.18
SA; 10.50+0.00 1850+0.00 1450+0.00 3538+0.18 1150+0.00 2538+041
SAo 23.25+0.02 1850+0.00 41.88+0.00 3450+025 3875+018 33.13%025
SA; 25.75+0.01 1850+0.00 3050+£0.00 27.38+025 34+£0.00 3325£0.12
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SA; 47.25+0.01 4050+0.00 3450000 7.13£025 5025+0.10 21.50+0.29
Chi Square 50.407 50.671 50.754 46.385 47.591 40.863
Sig. 0.000 0.000 0.000 0.000 0.000 0.000

99938 uuds slo 548
Ol apeul Sabiaadlis las « (SLeoLI ¥ 55 5008 hay Giald) Gadd slosed Olome (Slaslil es g0 I3l s

slasles ad slosd (loae sololol #0505 oo (o ola plas ssa S sald 4 s oRdw Gad le sl
Olose 23S Yo e ¥ o5 ) wal Sl Sleslal o550 oLl 5o ok oS aals @ cad el Siludle
() Joaa) wals las 1 Had gl 963

callad 4 S s 3 g (538 a3 (glsine 5 p80 4 s K 51 IS e e a5 il ad (sle 58
© Gawly 1 Jelse Col O Stas5 aal bse Sllligel Gu¥TUsd 5 Sl GlasSld s b slap il
T8 bl ol (VF) sdgo Lassae shudas (35, (RalS Sl oS s o Las oo (5505508 dla so
Sl gy wile laa il callas daih 5o 0308l b o Lo 5 pad S5 Jalats €l sl
9 908kee 4 oo 15 LU 8L (I8N (YY) wpd o i (slosgd 4 st LA 53 ¢ saeslaneiS) o g o sl
losed (VF) als it sgme @8l 35 G 3 s o @ AT Duo oo b Lad sl e (RIS 5 olal Gl 3l
(YY) w8300 25 SasaSI s oy ma T callad s 0 0T (g 00 5 030 4 el 51 50 Jsane sbds (alacs (adk
Lokl £+ 555 5 Ol e (Sleslsl ¥o 55 K0 sl Siliallin Hlas «S ols Las (ha sy ool laas
5 eIl slam T cullad Gal3al 5o 2B L (2l L sl ad Gus (slo sl RAS G
Slosed oo Guaes dlnE GBS Gaws 5 S e s Sla LT Gl (RN O e peane 5 sbeds OlassSl
sala a5 suel crusts slada® (V) WS oo J0S sut Hlas Jua bl sl slas s 5u 1y gom 5 Oud
2 swd aladl glaiuss b oud slosgd (malS Lo wel Sl 585 U byl o Sloylsl 7+ 555 5o
ool cillas (YF) LUI 5 (YF) e sl oLt slas sue

Yoy


https://dor.isc.ac/dor/20.1001.1.16807154.1397.19.4.3.9
http://journal-irshs.ir/article-1-223-fa.html

[ Downloaded from journal-irshs.ir on 2026-01-30 ]

[ DOR: 20.1001.1.16807154.1397.19.4.3.9 ]

e ogo sla Shs A ot Silucudles 31

.

S5 A
O (s1o 548 wge AL Glhse CpyieS el Yo die Vol Sihiallin sael ciwnts sladast ol s
AL aald G o (Sodle ye olise (ieS wnul Silialln slaslas aab Gals | waallsoy slle 5 o s
I8 LS 5 5 ssme (i3 Oloae st 5 (Sadlesew  (Sares sy Glose GRS Y ge e ¥ asel il
pabs g slae Bia 4 5ol wald Gaed 4 cud wnlSahidl 5 @8l (2alS JSle sl ©ue Ho ssse e oudla |,
29 s olad ga O lsal s (5,108 Gl iy oo LS 4 e Oal e 4 e B L als (Rals
‘u_i:s\gu.‘sQM#‘B&;&‘){JJJJ‘JJ&}}JJ\" C;.AAL}UA&AL.H%JJ\‘(;L@JJJ‘A%AJJLSLT\M
ool 4200 ¥ gles 59 55 Fr Base sub G el Salidls Vs e Yo ) sla clile 5508
Clsadd AS 5 (oS Lo S5y 5o iS55 Gol bl 31U 0508 ws 8 e slgidiy Jla 0ol b ol iyl

oS S s 9o

References &bo

5 S5bo s Sold s el Sabiadls 31 ATAY g islS 5 a olie JWS op (il gl ca ool asal ol )
s s5sls8 (Citrus reticulate Blanco, CV Kinnow) g, lale (S50 A4S 5 oS sla S35 ) (Ao
AYN-YA Sl oY peans cnliliys 5 G 5565

el ys ) U8 Saliendlon sl 55, AYAY L s ulbidiaili g 5 p e Ratd wp O3 SIS ep (oS, Y
YA (¥) X5 YFA (5558 mlia g asle oy Sl 5o g laeSS 5 HB) cntlsys 51 Gus LA (S35 53 8 900

o2 o2 Sabeadlos aanal cadila s 51 Gy 531 o ATAR L ((Bual 5 (s qpams o p ol WS oo T
YE() VY=V A olel asle 4o o)l pla 635 0S8 sae (SlaraSI BT cullad 5 A4S sla S5

Oy (sl 09 5008 9 955 (Sl o alisl s e (pliandisn 5 (5510008 @loudS passn ATVA0 G ((las ¥
sandy sl i) bl Gl obL Sl s Sl 3B cas bagT Sl wwlis
aada V04 . Sl asle 85 K (g5,5laS sulails (ladud,

el O pbiand 5 ($5ud LA S5y 2 solee nad sles 5 suis G HBE ATAL .G (s 5.0 oBlas 0
AFVA Sl (2132 G938 5 psle ddas

dadin FFA LUK sl olylasl .ol 59 S 5o (5508 YA ¢ aulo alid .5 (S 98 o 538 5

Jrsa owlesl 9 83580l 3o (15088 31 a0 AYAF g (Sl (pIad o) p  Slaans u (g BIS Y
Oeas 5 Mallins Gl S Guiaas ol 5 Guy so98 (b 5o GERsa AS 5 (S sla, St Lia
Ol Guote s 53 sRE3Ns ale g5 VY-VF L0l (Sliels 6 sle 8 SIS

8.Abeysinghe, D. C., X. Li, C. D. Sun, W. S. Zhang, C. H. Zhou and K. S. Chen. 2007.

Bioactive compounds and antioxidant capacities in different edible tissues of citrus fruit of

four species. Food Chem. 104:1338-1344.

Yoo


https://dor.isc.ac/dor/20.1001.1.16807154.1397.19.4.3.9
http://journal-irshs.ir/article-1-223-fa.html

[ Downloaded from journal-irshs.ir on 2026-01-30 ]

[ DOR: 20.1001.1.16807154.1397.19.4.3.9 ]

OEen 5 v s

9.Asghari, M. A. and M. Soleimaniaghdam. 2010. Impact of salicylic acid on postharvest

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

22.

physiology of horticultural crops. Food Sci. Tech. 21:502-5009.

Babalar, M., M. Asghari, A. Tdae and A. Khosroshahi. 2007. Effect pre and postharvest
salicylic acid treatment on ethylene production fungal decay and overal quality of Selava
strawberry fruit. Food Chem. 105: 449-453.

Chen, J. Y., P. E. Wen, W. F. Kong, Q. H. Pan, J. C. Zhan, J. M. Li, S. B. Wan and W. D.
Huang. 2006. Effect of salicylic acid on phenylpropanoids and phenylaanine anmonia-lyase
in harvest grape berries. Postharvest Biol. Technol. 40: 64-72.

Fang, Z., Y. Zhang, Y. Lu, G. Ma and J. Chen. 2009. Phenolic compound and antioxidant
capacities of bayberry juices. Food Chem. 113: 884-888.

Halliwell, B. 2006. Reactive species and antioxidants. Redox biology is a fundamental
theme of aerobic life. J. Plant Physiol. 141: 312-322.

Harel, E., A. M. Myer, and Y. Shain. 1964. Catechol oxidase from apples, their properties,
sub cellular location and inhibition. Physiol. Plant. 17: 921-930.

Huang, R. H., J. H. Liu, Y. M, Lu and R. X. Xia 2008. Effect of salicylic acid on the
antioxidant system in the pulp of CaraCara navel orange (Citrus sinensis L. Osbeck.) at
different storage temperatures. Postharvest Biol. Technol. 47: 168-175.

Laa, M., A. Mareczek, and J. Ben. 2003. Antioxidant properties of two apple cultivars
during long-term storage. Food Chem. 80: 303-307.

Manie, A. S. 1997. Scientific fundamentals of fruit trees. Iran Technical Publishing. 996 P.
Meyers, K. J, C. B. Watkins, M. P. Pritts and R. H. Liu. 2003. Antioxidant and ant
proliferative activities of strawberries. J. Agr. Food Chem. 51: 6887-6892.

Mirdehghan, S. H., M. Rahemi, D. Martinez-Romero, F. Guillen and J. M. Vaverde. 2006.
Reduction of pomegranate chilling injury during storage after heat temperature.
Postharvest Biol. Technol. 44: 19-25.

Molassiotis, A., G. Diamantidis, |I. Therios and K. Dimassi. 2005. Effect of sdlicylic acid on
ethylene induction and antioxidant activity in peach rootatock regenerants. Bio. Plant.
49:609-612.

Parkin, K. L., A. Marangoni, R. L. Jackman, R. Y. Yadaand D. W. Stanley. 1989. Chilling
injury. A review of possible mechanisms. J. Food Bio. 13: 127-153.

Patthamakanokporn, O. 2004. Changes of antioxidant activity and total phenolic compounds
during storage of selected fruits and their juices. Mahidol University, Thailand. 82 p.

Yor


https://dor.isc.ac/dor/20.1001.1.16807154.1397.19.4.3.9
http://journal-irshs.ir/article-1-223-fa.html

[ Downloaded from journal-irshs.ir on 2026-01-30 ]

[ DOR: 20.1001.1.16807154.1397.19.4.3.9 ]

e ogo sla Shs A ot Silucudles 31

23. Peng, L. and Y. Jiang. 2006. Exogenous sdicylic acid inhibits browning of fresh-cut Chinese
water chestnut. Food Chem. 94: 535-540.

24. Ranjbaran, E., H. Sarikhani, A. Wakana and D. Bakhshi. 2011. Effect of salicylic acid on
storage life and postharvest quality of grape (Vitis vinifera L. cv. Bidaneh Sefid). Faculty of
Agriculture, Kyushu University, 56: 263-269.

25. Raskin, I. 1992. Salicylate, a new plant hormone. Plant Phy. 99: 799-803.

26. Sayyari, M., M. Babalar, S. Kalantari, M., Serrano and D. Vaero. 2009. Effect of salicylic
acid treatment on reducing chilling injury in stored pomegranates. Postharvest Biol. Technol.
53: 152-154.

27. Sayyari, M., S. Cadtillo, D. Valero, H. M. Diaz-Mulaand M. Serrano. 2011. Acetyl sdlicylic
acid alleviates chilling injury and maintains nutritive and bioactive compounds and
antioxidant activity during postharvest storage of pomegranates. Postharvest Biol. Technol.
60: 136-142.

28. Serrano, M., F. Guillen, D. Martinez-Romero, S. Castillo and D. Valero. 2005. Chemica
constituents and antioxidant activity of sweet cherry at different ripening storages. J. Agr.
Food Chem. 53: 2741-2745.

29. Shokrollahfam, S., J. Hagjilou, F. Zaare Nahandy, S.J. Tabatabaie, R. Naghshiband hasani.
2014. Effects of putrescine, calcium chloride and salicylic acid on quality and storage life of
plum fruit cv. "Shablon. The Plant Pro. (Sci. J. Agr.): 15-26.

30. Srivastava, M. K. and U. N. Dwivedi. 2000. Delayed ripening of banana fruit by salicylic
acid. Plant Sci. 158: 87-96.

31. Suntornsuk, L., W. Gritsanapun, S. Nilkamhank and A. Paochom. 2002. Quantitation of
vitamin C content in herbal juice using direct titration. J. Pharm. Biomed Anal. 28: 849-855.

32. Taiz, L. and E. Zeiger. 2002. Plant Physiology. 3@ edition.

33. Thumula, P. 2006. Studies on Storage Behaviour of Tomatoes Coated with Chitosan-
Lysozyme Films. Master of Science Thesis Department of Bioresource Engineering Faculty
of Agricultural an Environmental Sciences. McGill University Montreal, Quebec, Canada.
pp: 128.

34.Vaeo, D., J. M. Vaverde, D. Martinez-Romero, F. Guillen, S. Castillo and M. Serrano.
2006. The combination of modified atmosphere packaging with eugenol or thymol to
maintain quality, safety and functional properties of table grapes. Postharvest Biol. Technol.
41:317-327.

Yov


https://dor.isc.ac/dor/20.1001.1.16807154.1397.19.4.3.9
http://journal-irshs.ir/article-1-223-fa.html

[ Downloaded from journal-irshs.ir on 2026-01-30 ]

[ DOR: 20.1001.1.16807154.1397.19.4.3.9 ]

OEen 5 v s

35.Wang, L., S. Chen, W. Kong, S. Li and D. D. Archbold. 2006. Salicylic acid pretreatment
aleviates chilling injury and affects the antioxidant system and heat shock proteins of
peaches during cold storage. Postharvest Biol. Technol. 41:244-251.

36. Yao, H. J. and S. P. Tian. 2005. Effects of pre- and post-harvest application of salicylic acid
or methyl jasmonate on inducing disease resistance of sweet cherry fruit in storage.
Postharvest Biol. Technol. 35: 253-262.

37.You, Y. L., Y.M.Jang, X. W. Duan, X. G. Su, L. L. Song, H. Liu, J. Sun and H. M. Yang.
2007. Browning inhibition and quality maintenance of fresh-cut Chinese water chestnut by
anoxiatreatment. J. Food Pro. Pre. 31: 595-606.

38. Zhao, S. J.,, C. C. Xu and Q. Zou. 1994. Improvements of the method for measurement of
malondialdehyde in plant tissue. Plant. Phy. Comm. 30: 207-210.

39. Zheng, Y. and Q. Zhang. 2004. Effects of polyamines and salicylic acid postharvest storage
of Ponkan mandarin. ActaHort. 632: 317-320.

40. Ziena, H. M. S. 2000. Quality attributes of Bearss seedless Lime (Citrus latifolia Tan) Juice
during storage. Food Chem. 71: 167-170.

YOA


https://dor.isc.ac/dor/20.1001.1.16807154.1397.19.4.3.9
http://journal-irshs.ir/article-1-223-fa.html

[ Downloaded from journal-irshs.ir on 2026-01-30 ]

[ DOR: 20.1001.1.16807154.1397.19.4.3.9 ]

Iranian Journal of Horticultural Science and Technology 19 (4): 445-458 (2018)

Effect of Salicylic Acid on Some Char acteristics of Lime Fruits (Citrus
aurantifoliaL.) in Storage

M. Youssefi, F. nazoori, SH. Mirdehghan and M.H. Shamshiri!

Lime fruits have economic and nutritional value but the fresh consumption of this fruit
compared with processing methods is less, because of its low storage capacity. This research was
designed to study the effects of different concentrations of salicylic acid (0, 1, 2 and 3 mM) on
guantitative and qualitative characteristics of lime fruit in storage period (0, 20, 40 and 60 days).
The experiment was as factorial based on completely randomized design with four replications
(20 fruit per each replication). Each treatment was immersed in salicylic acid for 5 minutes and
after drying, was packed in disposable containers and transferred to storage with temperature of
4+1 ° C and relative humidity 85 £ 5 ° C. The results showed during storage, fruit acidity and
aromawere decreased and fruit bitterness increased. Sixty days after storage, salicylic acid 3 and
2 mM, compare to the control recorded the highest fruit acidity (60%). At the end of the storage
salicylic acid 1 mM compare to the control had the lowest fruit bitterness (20%), flavedo
browning and malondialdehyde. After 60-day storage, the lowest chilling percentage and decay
and highest acidity and phenolic compound (66%) belonged to salicylic acid 3 mM compare to
control. Salicylic acid maintained fruit acidity and antioxidant activity and prevented decay,
chilling injury, browning and malondialdehyde. It seems that the use of sdlicylic acid 2 and 1
mM can maintain some qualitative and quantitative properties of lime fruit during 60 days of
Storageat 4+ 1 °C.

Keywords: Browning felavdo, Chilling injury, Citrus, Decay, Storage.
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