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Salicylic Acid Treatment as an Effective Approach to Address Postharvest
Quality Challenges in Mexican Lime (Citrus aurantifolia Swingle)
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Fig. 1. Changes in the weight loss (A) and juice ascorbic acid content (B) of Mexican lime fruit during 30 days of
storage at 8 °C and 80 = 5% RH. Fruits were dipped in salicylic acid solutions at 0, 1.5, 3, or 4.5 mM for
5 minutes prior to storage. Evaluations were performed every 10 days. Data are presented as means of 4
replicates + SD. Different letters indicate significant differences according to the LSD test (P < 0.05).

\YY



(VF-E) IAF 618D (slodmio ¥ o)lacs T8 alo ol LSl 55 5 pale aloes

84 91 A a
8.2 A a
18 81 I |
=1 ;C 7.8 1 T
l .g 7.6 1 T
5. 2 7.4 A
7.2 A
7
0 10 20 30
Sl ol
Storage time (day)
10 - B
1w b " b
3 g 8 T T
527
kg 0]
32 5
4 .
3
0 1.5 3 4.5
Sl sl clale
SA concentration (mM)
105 - C OControl O1.5mM B3 mM B4.5mM
10 A a
> b bed == b
%. S 9.5 A T _ bedge de bed . bed de
v 9 . €
3 &
52 s
Y75
7
0 10 20 30
Sl b

Storage time (day)

aal Slye a5 (B) Sl sl S 5 (A) oyl e ol 256 125 0T 55 e3m T 5505 6 il Sl ¥ IS
b Selacdlo sl slaslone jo dids mty Santy Slo)lil 1 iy ogen (55005 59, ¥ (b (€) 050 0T IS Jgle
SIS w3 Ar E B (e Cagb) g gl 4250 Sidd Sled 15 e 5 j9abs8 Ve e FIO LY A/D - slaclale
Slr S kx5 B) sl SN (A) @l S5V 5l O g0 bosls ol plaxl LS 55, V0 52 b)) ol
Jleil s 10 o sime S| dieS g0l Lolol  lo s IS Siloy iglise By, aloais &l,) JLae Bl il £ (C)

Sl P o[+0) aoy0

Fig 2. Changes in juice titratable acidity (TA) of Mexican lime fruit under the main effects of storage time (A) and
salicylic acid (SA) treatment (B). Changes in juice total solube solids (C) during 30 days of storage. Fruits
were dipped in SA solutions at 0, 1.5, 3, or 4.5 mM for 5 minutes prior to storage at 8 °C and 80 + 5% RH.
Evaluations were performed every 10 days. Data are presented as means of 16 replicates for (A), 12
replicates for (B); and 4 replicates for (C) + SD. Different letters indicate significant differences according
to the LSD test (P < 0.05).

\YY



8 g ylac

OControl O1.5mM B3 mM mB4.5 mM

1.4 - A
a
1.3 A T
b 2. b
3 B
Qja 1.1 A
nn
i S
3]
n—} 5 09 -
=
0.8 -
0.7
0 10 20
Sl ol
Storage time (day)
460 1| B a
o 440 - T
S 4204 . T
4 2 %0400 -
- [ )
v, 5 S 380 A
3 2 2360 1
O 340 A
=320 -
300
0 10 20 30
Stolsl b

Storage time (day)

2 C ¢ b
S 450 - c
o 4
£
S22
v 5 S 400 - d
sl
8 =350 -
5
300
0 1.5 3 4.5

Sl sl clale
SA concentration (mM)

Syl ooy ol 75 525 ogme T U5 Jsib Sl (6,055 59, Vo (b ST (A) 30 0500 O abs (a3l Oyt ¥ S
o lodile U Skl a (sla Jglone 5 4iBo 7y ey Sloylol 5l iy Waogss (C) Sabadlis dd s 5 (B)
b o))l ad (65leSS o yd Ar B (s Cush) 5 ugamdis a2 )3 Suta glos )3 G g p9absé Voo Lo FIO LY N /O
Sl £ (C) sl LS5 VY 5 (B) sl L5 18 €AY sl S5 ez nSiloe 5oty Waools s plol JLSs 39, )+ o
sy iy Jleto] o 3 o cine M| aneS cygas] ey o e OS] Sily Sglite g lond &) Lxe
el P 110)

Fig 3. Changes in juice flavor index (TSS/TA) of Mexican lime fruit during 30 days of storage (A). Changes in
juice total phenolic content under the main effects of storage time (B) and salicylic acid (SA) treatment (C).
Fruits were dipped in SA solutions at 0, 1.5, 3, or 4.5 mM for 5 minutes prior to storage at 8 °C and 80 +
5% RH. Evaluations were performed every 10 days. Data are presented as means of 4 replicates for (A), 16
replicates for (B); and 12 replicates for (C) = SD. Different letters indicate significant differences according
to the LSD test (P < 0.05).
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Fig 4. Changes in juice antioxidant activity of Mexican lime fruit under the main effects of storage time (A) and
salicylic acid (SA) treatment (B). Changes in peel electrolyte leakage (C) during 30 days of storage. Fruits
were dipped in SA solutions at 0, 1.5, 3, or 4.5 mM for 5 minutes prior to storage at 8 °C and 80 = 5%
RH. Evaluations were performed every 10 days. Data are presented as means of 16 replicates for (A), 12
replicates for (B); and 4 replicates for (C) = SD. Different letters indicate significant differences according
to the LSD test (P < 0.05).
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Fig 5. Changes in peel chlorophyll a content of Mexican lime fruit under the main effects of storage time (A) and
salicylic acid (SA) treatment (B). Changes in peel chlorophyll 5 content (C) during 30 days of storage.
Fruits were dipped in SA solutions at 0, 1.5, 3, or 4.5 mM for 5 minutes prior to storage at 8§ °C and 80 +
5% RH. Evaluations were performed every 10 days. Data are presented as means of 16 replicates for (A),
12 replicates for (B); and 4 replicates for (C) £ SD. Different letters indicate significant differences
according to the LSD test (P <0.05).
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Fig 6. Changes in peel total chlorophyll content of Mexican lime fruit under the main effects of storage time (A)
and salicylic acid (SA) treatment (B). Changes in peel carotenoid content (C) during 30 days of storage.
Fruits were dipped in SA solutions at 0, 1.5, 3, or 4.5 mM for 5 minutes prior to storage at 8 °C and 80 +
5% RH. Evaluations were performed every 10 days. Data are presented as means of 16 replicates for (A),
12 replicates for (B); and 4 replicates for (C) + SD. Different letters indicate significant differences
according to the LSD test (P < 0.05).
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Fig. 7. Sensory evaluation of overall consumer acceptance of treated and control Mexican lime fruits after 30 days
of storage. Prior to storage, the fruits were dipped for 5 minutes in salicylic acid solutions at concentrations
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-

‘JlD- L}"‘ l.: ! ).‘a.’..c ULMS).: )| )L.u]w 9 e gD Lbui W}: as JJ}A»GA w‘o)) @La) B Sjw uT 65,0..“' 6[909.4’
e g_iv L).:_‘?) O )‘ 6M u...aslf Q.a‘ ‘_g).QLb ales U")"W JJL;C;A u...aslf CE puwds LQO?.:.A L)"‘ w‘.)).t)‘wa g,u.D.»S
Gae yo ol Sl 55, oduay (pl £58y ol e aas o gy iyl o 2UsS oy Gae o el aS sl Cuny
wle a1 95lBS Slyzea) Shil adys 5o args W Gl 5 e 5 WS 5 oo b o Sl oS loj
Sl (a8 p g 5 0ll (Foyeh Sl sl 8 g Cevgy SOy st 9S85l 55 e Gl it Sy 9 D318
.(Nolpradubphan & Lichanporn, 2016) s se

Lo glos (iol38 b puiiiacs jaboay ol ged slrogas Sedglie g owts glacdled ol (bl 5l g 0,90 b o
O .]a.)‘)a: 5 UT 694.J Lg)lfsbLo Sgade eu.>|).:Lu 09,\»‘54 U 0gun WLS cdl 9 u&w.: S L aS Ja.a.:).c
eios B il los 13 (5005 oo 5l w05 L 1 (Slapdis ) 5 o sla S o o 3 bl il
Habibi & ) el ool dogy cowlio (goiaing jloolaiul § ogmudus 4z 0 citn los Bua (pl 4 sbhcwss &l g ool
Sy glrdncS ;0 Wogas (uuding § wgmadu 4z 0 ciia Sl )Ll sles Lol iegh 0«9y ol 5l (Susila, 2024
b blod cislesl slaog 5 pled 0550 40 (duoy0 dus #lygu s L) og ] 5 loca;
slacbale )los ) slooges 15 059 GBI (n teS 9, 1o 5l o 4S5 9t 0l (Slojlil 0,90 (b Wogee Congy Cudg Sl
Sl ol [l 15 sloogs Sy 9wl sl Jladie 0,500 o Slo,Lil 0,90 Job )0 .o soalive Ygo Lo F/0 4 ¥
e 5l Gien (> Vaedeo ¥l 5 slrogas 1o o1 Jlaie a5 laigSa 09 sali slaogae yo blite jlade I i
sedale [l o piomed o9 ol yor 715 BB awwl liee 5t polie b o el jled g Siolesl oyt 9, 40 bogs e

\YA



(VF-E) IAF 618D (slodmio ¥ o)lacs T8 alo ol LSl 55 5 pale aloes

slis b g ol oannSTol codlad 5 S J5i8 (liee Fiter ol p I yol> (ighy mls wisg: olyen Foslhe ol
Sl (lime (5 e 9 092 98l (slrogas a4y Cand Sibondlos asl Lo 15 Glrogee 13 Cusgy JST Jedg IS 5 i
Olie 23S 09,00l Jlod 5 slooges o Slo )Ll Loy (sl 1o w05 Yga e ¥ Clale Lot 5 slrosee 4 gy yo 05,00l
W39 [l 1y oS B pae (S5 5 pdy Sl Sl kil n S 9 Sy 95,18

ST LS e ey sl R Al 43 ol ] Cndly (l s I3 5 p0le gk gl o aisS e
Olye 4 Sl (s (5551L b e 5 (o) Jpame (A5 (85U lagasls p Sladdle sl Lo ailrni
Slaogee (39 Sl s gne 1ol crge i )3 p S (lee Foo Cale ohgd (Slndle sl S il e (Jle
a0 YY) Lo sloo b g ((ugaedos a2 30 &) 050 los o gloylal 55, O Jobo o o] consS La> 5 S50
SypSol dl Slyione 5 ol 43 035 o iyl JS Jolons ol Slyn 2l gt i 4 )lad (] 0 (g
Jeso slaes 5l cadlad ol b Slwcdlo ol oils 3l jlows 500 g’y ;o (Ennab er al., 2020) 5,5 oS
<l Il gloal IS lge 5 525 BB aarsl bis o dog)] 4528 Jotas lap 5l e 5 JT sloosnl i 5o
CodeS Lade DI Cnl anl 5 0B ogee O S Jslome waler slge Ladm o 09,00l Jlacd K05 (55 508 (5 sk 0gee
g Sewcdlo ol lbls sl g 9,0,5 bl (uzeen (Jiang ef al., 2022) og Slo,Lil 0,90 Job 0 Jaame cw>
e 5 Ngalia ¥ CLIE 5 055 05 5al Lot o ol (L5 (5 g5 4tis i o 5l oge (5Ll et 5 kS
Al el e 5 AT (9t oals Waogrn oSy odlad 5 IS J8 (slyione s sthon Lk 5 o035 <31 20lS
cbale b anglio 10 5 0l bogeo 4 ol cgo (63905 b Silncdloo sl Yoo Lo § clale b Lo catd] 0 3K o900
@ gl 5o Gl Olie slooges .(Khademi & Ershadi, 2013) cils (5,55 o], ogue cotS Laa> 1o Voo Lo ¥
oarnSloly Sl 5 Gliae irizran s (6 508 kSl addgi 5 (S £33 40059 R e Sl sl Sl il gyl
(Sang et al., 2022) <8l o33l oo lews slrogs ;o Ll yesbigls 5 o g5l sl daaSgigdls ¢ JS sl Jgd oo
Srogee oonSlol codled ol Coge (g5l cme jobas Silawcdl sl caiilo 5l Hlews a5 Cewl ool 5158
olie lyls Sladlo sl b ondsjlos sloogae ol gandis 4> 50 o> (slos jo (6 )l 59, VY b o azl 5
2ol 05,5 4y Cond SLILsel oI w3l codlad 5 SoysSal sl (S (il (JS 9393308 (S U585l s 50t
b DY game canSTol cudled olidl gl (6550 0l wilgy co Sidoncdls ol Jles a5 ols lis leasdl ol aise
5O Gyl sxe ),.,ls 3o Sekcdlis sl Yoo Lo ¥ ocdale 1o LLL 0500 (5,5abse ,lows .(Dokhanich ef al., 2013) aib
Sloogio ebls oo SlocseiSy 5 Sl S Eal wogro (50 55 oS Jolons sl slys (tsmr; 2L tal8 il
Promyou & ) &og Jo8 OLoS 5 g oanSToly codled (il caw ol Jhas 51 caslesl 09,5 (5 00 el Jled )
.(Supapvanich, 2016

G Gyl Sl il e ol Sk 5 S slaiasls s b s L 58 Sl sl s 5 5
B3 yed g aall o0 095 o0 ol (e 5 (Suislsid ool jl lasgaze iowi by 58y po )8
g ge a1y osliinl 3550 oot 23U n (2Ll 0see Sl ALY (63 U CedeS L la e o) g5Le
o900 Ol (S Do 5 0900 Cumgy Cadg SN il 50 339 SR
Ol aelsi g i 253 5 0T IS Sl sl Lo e el o baogis (9 8l el Lol sla 55k 51 (S
Sl 3l e Gl adgr el ¢ Vb uais oS Conl Gl Sl gz ol 5l BT el oS ce ST Ol BT g, aST el

Sl Lo (Glinny Slis oge ;3 iged (lyieds Zunl oo puddgille WulS 5 (Sl b Grm S RIFIL
lie 455e (Sang et al., 2022) o2 (59 Aol Ol Joowd 4 i HLSTadgs RalS g S 55 )lee b Skl
ogae o (Zhang et al., 2025) 00,5 o) 050 (439 <Ol Hlo g JialS g uiid F 50 ialS o ge Sl sl e
Zhang, et al., ) &S 5 Ssl> yjs SialS 5l Az j0 g it 5 Gl ey Selowdlo ol 55 France o3, o

2024

Yva



8 g ylac

meb)s) UM s L_Sl&” Lu Ml.u J.....u‘ ol w‘éf )‘ o Lﬁc}:.o U)j Lhas 5o ).>§.A J.a‘}c )l é.‘ d)‘” wojm
Ennab et al., ) .)5....:‘5@ wg.’a) olals u...:zlf 9 u—| )...7...» UM SgdZte g0 ‘g_;lﬁ'l"‘" o)|5.)..> LS)"‘A"QB'Q" o ).....u l);yLo..Ql 9
0ainSTol (slaes 31 culad wuais g (cou 3l e cainSTol BluS 5 s S ,m0 b Sl ol 500 (540 51 (2020
lom 3l cudled o G5k 5l ok 0)]520 mucdglio @elats ;o i BT (1 g jlaanSTyy 5 VUL Glgamyd STy g 5oL
U"‘ MT).: J.«S‘so SS LQ:..\MJ uw‘m‘ﬁ u«..mlS 9 L5]5’L*’ Lng;Lm.C 9 o)‘%») L&)L&’ laas L 50)‘5.3.») od.uSw).’z.:
Chen et al., 2023; ) cul O GBI e ;0 Fge (tals coles j0 g lacudy xSl s zals wdl ot La> ol )
s 9 )9y Lad> (G o )oLa QO pie Solewcdlo acul cliilo 5l s Jlend ( sy o (Nicktam et al., 2023
(Zhang et al., 2025) sl Jolw slid S LSS g Laas oawo)lis aS ol cows SO aSUlcolan malS 4 e

SR S NIV S I PO TSRS ROPNC 5 U NI U SN [ WIS S T S
A.M )\) 9 @LA)L.)‘ 0)5\) )o 090 ud....o 4.)‘);).&0 u.v.mlf e o L_foﬁ L}"‘ Cow! 090 k_A.BLJ )..) u—l LS)‘J‘Qi’ 9 LS)""""" J.WL.J
.(Nicktam et al., 2023) 545 g0 S8l Sbw o (S50 aile (558 oS o asls Laas>

e 5 5B 90, 9alialS g GLiSg0, BbygSaslyyams GlasesTy SlyeSul law 31 (g5loJlad b Kol !
Zeraatgar et al., ) og o0 09.0 Ol saruSTol codlad iol38l g ¢ ygsliglS—l 98wl 4 > (g lasl il Sy sl oums
el Fge o g5le ;500 5l 58 uwats &5 el 5 il ades e (2018; Gacnik er al., 2021; Zhang, X. et al., 2024
et plie GEal33l 9 (S ym g ey AT e b sl 1§ el S pSial sl (slgiome 8l 51 (6 505 gl 50 Skl
EBS s o5l ol axil 5 0938l (Zeraatgar ef al., 2018) s ls & paling oo 55 40 oo L o ciuluST
walS slaad slyme (il yores 5« Solwdlo sl Jlad 5l 30 s LaollST s 4 by (o sanlSTol
(Gatnik et al., 2021) axil aisls (i S jaSw] sl han Giol38l o> b La> 0 asilgs o

loaw! a0 9wl 4o Juso LSL“M}"T Codled odas jo Sl Il ol wilosls Las e o iog
FB ol baas o eIl ol 1 Lol [Sg50e .(Jiang ef al., 2022) sl 3185 « Sl g <SGy sl aloz ‘asﬂ
Sl s Lt g JT sloonwl Bpae 2alS @5 F 5 L2olS 5 JT Glaowl padglie ouas & ,b 5l Sbwcdle
ol 2 0958 (Awad & Al-Qurashi, 2021; Yang et al., 2022; Zhang, et al., 2024) oS o SoS ogun ol jo 55 LB
ales g0 m2ly8 ol OloS 5 baas 6l 65,k Jobo laoes dacdg oSl cois rals 5 Jolo slie S LSS Laas
.(Chen et al., 2023)
s.)L..C 9 4...:‘ Ssle @Lboa.uo ) dsul..} ‘o)lo rg.sdo ua.‘>l.~4 JO[JU Lo 9 M‘ L £8 M J).u: o (5)45"’ d.\.a_v 090
55 5l 58 5o 3l (Awad & Al-Qurashi, 2021; Hong et al., 2014; Yang et al., 2022) cuwl ool 5,155 gliws
odgs bls,l o ‘sﬂ slasul g oo o5lwalil 5l s uSel> g ogus PR Y-y PN UUTG W DUVPON | VORI VOW) SV PR U 1N OV PER
5 5 Jinshayou' o3, slegs ;9> ologes ;o il pl (Chen et al., 2023) aiS o SaS pab asls Joleie Lad> a4 g
(Chen et al., 2023; Zhang, et al., 2023) Zuwl ool 5,138 ‘Hosui’ 3,

Yin, et ) &5)15,95 5 Slofug Coenl 1 OV gaste glagdss CoalS sl )0 g cannSol i Jdoay Jed LS 5
(SN)JTJ,:. lrosiuSTob jiaw oli8l g caunSTol LngM}jT L8850, slays o @l &b 5 Sidewodls anl (al., 2024
Sl ¢ pizan (Nicktam et al., 2023) 2138l oo 1) ogae sainSTol codlad o Joid 5 (euilials o jaSnl ol i
il 15 alS g sl g VB hgenad oS pgm ubsi ooinSTol slaes 3l codled SO, b Slwole

ogee (St yigp Lad> L a5 098 oo 0gee ZBL LSl (55l 5 (Jobe o)l (S LSy el s iSIl et oS s
ol aol38l (Chen er al., 2023; Asghari & Hasanlooe, 2015) cul ol e Slo,lil b 5o ] oounSToly oloS 5 4

YA



(VF-E) IAF 618D (slodmio ¥ o)lacs T8 alo ol LSl 55 5 pale aloes

Col oad S asl JEg sl Sl aile obboses Syge 50 Skl sl o & guly o saiaSTaly
Al o s b i glo e a8 wilesls ylid @lellae opixen (Dokhanieh et al., 2013; Yang et al., 2022)
Gomes et al.,) Sgi oo ;95 5 £S5 ,0 03,5 disle ooges Joid Ol 5 yige bads ¢ o o il 38l cely Sl dlos
b SLaS 5 lgime ial3dl gile canl 0ad lo a3l &) sgee 5,90, 45 43S \las (2021; Hanif ef al., 2020
oY1 el lampl 05 Ol sl 5 99l it es (3l Jlad b Skl sl o @ Fosly )3 ogencs]
H9d pdpilie slaps T Codled Jhows b Skl sl «5] 2 9581 (Dokhanieh er al., 2013) cewl Lo o 5LILSse]
Sl apsl S50 (15 W5 loaxsl, ol (Zhang, ef al., 2024) WS oo 6 S ol Sloylil 0598 Jsbo y0 b Jgid 4520 |
el Gleylal b ogeo (60,8les g slydas coaS Laa> jo

oga0 Cowgy Mighi ;U 9 Judg LS ol

5 Seionsd Sl Ssile 3l o b Skl sl il o o5 Whols Gl ey slagiess,
shogs (Sloogas jlos cigas (lgicds S oo Ll BLS 1o (Slaogas Comgy o S5,y Lad> 50 (6 50 2 Wiluiz oliordisn
Sod a5 0 g Sl et palS g il e i gy S 40 5B e ge Selwdlo apnl ds s /Y cdale L
50 a0 slaes 31 pebiias Hloe <3l pl Lol sla, g5l 51 (o (Chen er al., 2023) G50y S5 Cawgy o S5, Jad> o
WS oo il Sipe Sl 5y Jedo S o el (sl ol il g DLde S elis 891 mud B s
SlaS 5 Glidl g eannSTol slaes 3l codled aolidl b Sl Il ol (150995381 .(Champa & Gamage, 2020)
o e saleST (15 1l s oSl 5 (Joid SlaS 5 o SeppSsl sl (05030518 il e iTpné oannslol
SeeSTn cdale el b (sblis Sl enllogh oo adly IS Cueled i g laslins (6 Il Cugli g (o] gnlinnST

(Huang et al., 2023) ol ol o (s3usd (ygumolannSTyy 689 ol lsicds asallgoryglle g oy59,000

D5 0 Cangy Koy kS 4y yxie &5 ¢ Jpazme (§3m )3 @ 9 (Sellie 5 590 5l laaid 0 Sles 5 (551 ol Li> L
ol Jelse 51 a8 ksl ms IS 5 adsi e b Seledls sl Ses (g9 51 .(Park er al., 2021) &S (5 5ol
S o0 SS9k (6 m 989 b L po wS9ilg) S e g Jd9 LS 4 525 (5l e (ot JUd 5l el DS o Canngy (b 5
U—l JJJ.:S 9 &..J‘ )...»L: Cod ‘;J)L’ 090 wy J.,.nglg w)?u L CcbHLH35 (5'“"9"5) )5..5L9 ‘Sao..la.u d..m ‘l...mb U"‘ B
(Yin, et al., 2016; Liu et al., 2024) coul oads 3,155 Sebewcdlo ol 136 55

BTGy IS b1y 350

SlgS e el 1 5 ) A St a5 batil i 5 soliiad 3,50 5lo Lot | Waoges  oliowiisSy b (8 iy il Siske
led g 1) 0aS B pan (M5 B ndy (s 5 5l Wbogs (suias) ColeS

S
Lo b 55k 5 ol 65,505, Olseds o Yao oo ¥ cdale b Sekewdl sl Jslone 15 (6 9absé cadls 5l o slous

51 oslitul ogycnlil 0ges Ll (Sloylil 59, Yo (b O (sgoud ogme sinms 3L 5 (Sladas CudesS Lad> 15 (6 50 (i o
o\)ﬂalﬁ )LM ks:])lf LS’—‘ ‘_glﬁw.ﬁj).s )O b}.wu;;o OLQ.»...-...) .)9....."50 My J}M U"‘ u..\.okstyila ‘_g)‘..\.@‘it k_‘;‘)" o&).:uol.; )Lo.u
Dgd b3yl 59, Vo5l Giae Sleylil bl po

References &b

Aghaei Dargiri, S., Rastegar, S., & Mohammadi, M. (2025). Chitosan based coating enriched with Spirulina
platensis and moringa leaf extracts preserved the postharvest quality of Mexican lime (Citrus aurantifolia).
Journal of Horticulture and Postharvest Research, 8(1), 105—124.

Asghari, M., & Hasanlooe, A.R. (2015). Interaction effects of salicylic acid and methyl jasmonate on total
antioxidant content, catalase and peroxidase enzymes activity in “Sabrosa” strawberry fruit during storage.
Scientia Horticulturae, 197, 490-495.

AN



8 g ylac

Asowata-Ayodele, M.A., Dabesor, P.A., & Afolabi, B. (2019). Phytochemical compositions and antimicrobial
activities of Citrus sinensis and Citrus aurantifolia peels on selected pathogenic bacteria isolated from jollof
rice. International Journal of Pathogen Research, 2(3), 1-7.

Awad, M., & Al-Qurashi, A. (2021). Postharvest salicylic acid and melatonin dipping delay ripening and improve
quality of ‘Sensation’ mangoes. Philippine Agricultural Scientist, 104(1), 34—44.

Champa, W.A.H., & Gamage, K.G.N.M. (2020). Postharvest dip application of putrescine and salicylic acid
delayed postharvest quality deterioration and extended the storage life of lime (Citrus aurantifolia Swingle)
fruit. International Journal of Fruit Science, 20(Suppl 3), S1629-S1638.

Chen, C., Huang, Q., Peng, X., Wan, C., Zeng, J., Zhang, Y., & Chen, J. (2023). Alleviatory effects of salicylic
acid on postharvest softening and cell wall degradation of ‘Jinshayou’pummelo (Citrus maxima Merr.): A
comparative physiological and transcriptomic analysis. Food Chemistry, 424, 136428.

Dokhanieh, A.Y., Soleimani Aghdam, M., Fard, J.R., & Hassanpour, H. (2013). Postharvest salicylic acid
treatment enhances antioxidant potential of cornelian cherry fruit. Scientia Horticulturae, 154, 31-36.

Ennab, H.A., ElI-Shemy, M.A., & Alam-Eldein, S.M. (2020). Salicylic acid and putrescine to reduce post-harvest
storage problems and maintain quality of Murcott mandarin fruit. Agronomy, 10(1), 115.

Food and Agriculture Organization of the United Nations. (2022). Production/yield quantities of lemons and
limes in World + (Total). FAOSTAT. http://www.fao.org/faostat/en/#data/QCL/visualize

Gacnik, S., Veberi¢, R., Hudina, M., Koron, D., & Mikuli¢-Petkovsek, M. (2021). Salicylate treatment affects
fruit quality and also alters the composition of metabolites in strawberries. Horticulturae, 7(10), 400.

Gomes, E.P., Borges, C.V., Monteiro, G.C., Belin, M.A., Minatel, 1.0., Junior, A.P., Tecchio, M.A., & Lima,
G.P. (2021). Preharvest salicylic acid treatments improve phenolic compounds and biogenic amines in
‘Niagara Rosada’ table grape. Postharvest Biology and Technology, 176, 111505.

Habibi, I., & Susila, A.D. (2024). Quality improvement of lime fruit (Citrus aurantifolia) between packaged and
unpackaged conditions combined with different storage temperatures. Journal of Agrosociology and
Sustainability, 2(1), 17-29.

Haider, F.U., Cheema, S.A., Ashraf, 1., & Shahzad, B. (2022). Role of salicylic acid on postharvest physiology
of plants. In A. Sharma, R. Bhardwaj, V. Kumar, B. Zheng, & D. K. Tripathi (Eds.), Managing plant stress
using salicylic acid: Physiological and molecular aspects (pp. 111-137). Wiley.

Hanif, A., Ahmad, S., Shahzad, S., Liaquat, M., & Anwar, R. (2020). Postharvest application of salicylic acid
reduced decay and enhanced storage life of papaya fruit during cold storage. Journal of Food Measurement
and Characterization, 14, 3078-3088.

Hong, K., Gong, D., Xu, H., Wang, S., Jia, Z., Chen, J., & Zhang, L. (2014). Effects of salicylic acid and nitric
oxide pretreatment on the expression of genes involved in the ethylene signalling pathway and the quality of
postharvest mango fruit. New Zealand Journal of Crop and Horticultural Science, 42(3), 205-216.

Huang, Q., Huang, L., Chen, J., Zhang, Y., Kai, W., & Chen, C. (2023). Maintenance of postharvest storability
and overall quality of ‘Jinshayou’ pummelo fruit by salicylic acid treatment. Frontiers in Plant Science, 13,
1086375.

Izah, S.C., Richard, G., & Odubo, T.C. (2024). Citrus aurantifolia: Phytochemical constituents, food
preservative potentials, and pharmacological values. In S. C. Izah, M. C. Ogwu, & M. Akram (Eds.), Herbal
medicine phytochemistry (pp. 123—134). Springer.

Jiang, B., Fang, X., Fu, D., Wu, W., Han, Y., Chen, H., Liu, R., & Gao, H. (2022). Exogenous salicylic acid
regulates organic acids metabolism in postharvest blueberry fruit. Frontiers in Plant Science, 13, 1024909.

Khademi, Z., & Ershadi, A. (2013). Postharvest application of salicylic acid improves storability of peach

(Prunus persica cv. Elberta) fruits. International Journal of Agriculture and Crop Sciences, 5(6), 651.

YAY



(VF-E) IAF 618D (slodmio ¥ o)lacs T8 alo ol LSl 55 5 pale aloes

Liu, Q., Deng, S., Liu, L., Wang, H., Yuan, L., Yao, S., Zeng, K., & Deng, L. (2024). The chlorophyll and
carotenoid metabolism in postharvest mandarin fruit peels is co-regulated by transcription factor CcbHLH35.
Postharvest Biology and Technology, 216, 113030. https://doi.org/10.1016/j.postharvbio.2024.113030

Martinez-Espla, A., Serrano, M., Valero, D., Martinez-Romero, D., Castillo, S., & Zapata, P.J. (2017).
Enhancement of antioxidant systems and storability of two plum cultivars by preharvest treatments with
salicylates. International Journal of Molecular Sciences, 18(9), 1911.

McCollum, T.G., & McDonald, R.E. (1991). Electrolyte leakage, respiration, and ethylene production as indices
of chilling injury in grapefruit. HortScience, 26(9), 1191-1192.

Mohammadi, M., Rastegar, S., & Rohani, A. (2024). Enhancing Mexican lime ( Citrus aurantifolia cv.) shelf life
with innovative edible coatings: Xanthan gum edible coating enriched with Spirulina platensis and
pomegranate seed oils. BMC Plant Biology, 24, 906.

Nicktam, T., Likhitha, C.S., Nameirakpam, R., & Singh, J. (2023). Enhancement of postharvest life of fruits by
application of salicylic acid. International Journal of Plant & Soil Science, 35(10), 15-22.

Nolpradubphan, A., & Lichanporn, 1. (2016). Effect of nitric oxide on postharvest quality of lime fruit (Citrus
aurantifolia Swingle). Asia-Pacific Journal of Science and Technology, 21(1), 86—96.

Park, S.H., Lee, B.R., La, V.H., Mamun, M.A., Bae, D.W., & Kim, T.H. (2021). Drought intensity-responsive
salicylic acid and abscisic acid crosstalk with the sugar signaling and metabolic pathway in Brassica napus.
Plants, 10(3), 610.

Pimsorn, O., Kramchote, S., & Suwor, P. (2022). Effects of Aloe vera gel coating on quality and shelf life of
lime (Citrus aurantifolia) fruit during ambient storage. The Horticulture Journal, 91(3), 416—423.

Promyou, S., & Supapvanich, S. (2016). Effects of salicylic acid immersion on physicochemical quality of Thai
papaya fruit ‘Kaek Dam’ during storage. Acta Horticulturae, 1111, 105-112.

Sang, Y., Liu, Y., Tang, Y., Yang, W., Guo, M., & Chen, G. (2022). Transcriptome sequencing reveals
mechanism of improved antioxidant capacity and maintained postharvest quality of winter jujube during cold
storage after salicylic acid treatment. Postharvest Biology and Technology, 189, 111929.

Taghipour, L., & Assar, P. (2021). Postharvest hot water treatment as a non-chemical alternative to fungicide:
Physicochemical changes and adaptability to oxidative stress in sweet lime fruit. Iranian Journal of
Horticultural Science and Technology, 22(4), 483—496. (In Persian).

Yang, W., Kang, J., Liu, Y., Guo, M., & Chen, G. (2022). Effect of salicylic acid treatment on antioxidant
capacity and endogenous hormones in winter jujube during shelf life. Food Chemistry, 397, 133788.

Yin, X.R., Xie, X.L., Xia, X.J., Yu, J.Q., Ferguson, I.B., Giovannoni, J.J., & Chen, K.S. (2016). Involvement of
an ethylene response factor in chlorophyll degradation during citrus fruit degreening. The Plant
Journal, 86(5), 403-412.

Yin, Y., Hu, M., Yang, Z., Zhu, J., & Fang, W. (2024). Salicylic acid promotes phenolic acid biosynthesis for
the production of phenol acid-rich barley sprouts. Journal of the Science of Food and Agriculture, 104(9),
5350-5359.

Wellburn, A.R. (1994). The spectral determination of chlorophylls a and b, as well as total carotenoids, using
various solvents with spectrophotometers of different resolution. Journal of Plant Physiology, 144(3), 307—
313.

Zeraatgar, H., Davarynejad, G.H., Moradinezhad, F., & Abedi, B. (2018). Effect of salicylic acid and calcium
nitrate spraying on qualitative properties and storability of fresh jujube fruit (Ziziphus jujube Mill.). Notulae
Botanicae Horti Agrobotanici Cluj-Napoca, 46(1), 138—147.

Zhang, H., Shan, T., Chen, Y., Wen, H., Lin, M., Fan, Z., et al. (2025). Salicylic acid treatment improves the
storability of fresh longan by regulating the metabolisms of respiration and energy. Postharvest Biology and
Technology, 219, 113258.

VAY



8 g ylac

Zhang, J., Wen, M., Dai, R., Liu, X., & Wang, C. (2023). Comparative physiological and transcriptome analyses
reveal mechanisms of salicylic-acid-reduced postharvest ripening in ‘Hosui’ pears (Pyrus pyrifolia Nakai).
Plants, 12(19), 3429.

Zhang, X., Liu, Y., Zhang, W., Yang, W., An, S., Guo, M., & Chen, G. (2024). Salicylic acid treatment
ameliorates postharvest quality deterioration in ‘France’ prune (Prunus domestica L. ‘Ximei’) fruit by
modulating the antioxidant system. Foods, 13(18), 2871.

\A¥



Iranian Journal of Horticultural Science and Technology 26 (2): 165-184 (2025)
Research article

Salicylic Acid Treatment as an Effective Approach to Address Postharvest
Quality Challenges in Mexican Lime (Citrus aurantifolia Swingle)

Department of Horticultural Science, College of Agriculture, Jahrom University, PO Box: 74135-111, Jahrom,
Iran.
*Corresponding author, Email: (Pedramassar@gmail.com, and Pedramassar@jahromu.ac.ir)

The mature green Mexican lime fruit occupies a prominent position at the international level
owing to its nutritional and medicinal value. However, the rapid onset of senescence-related
processes such as weight loss and peel color change represents major postharvest quality
challenges for this product that warrant serious attention. The aim of the present study was to
assess how the fruit quality attributes are affected by postharvest salicylic acid treatment. Fruits
were immersed for 5 minutes in salicylic acid solutions (1.5, 3, and 4.5 mM) or distilled water
(control), then stored at 8°C and 80 + 5% relative humidity for 30 days. Evaluations were
performed every 10 days. Fruit treatment, particularly at the concentration of 3 mM,
significantly reduced weight loss and peel electrolyte leakage during the storage period.
Treatments with 3 and 4.5 mM concentrations were associated with greater stability in juice
total soluble solids and a marked improvement in the final flavor index. Moreover, the highest
levels of ascorbic acid, titratable acidity, total phenolic content, and antioxidant activity in the
juice, along with the highest chlorophyll content and the lowest carotenoid content in the peel,
as well as the highest score in sensory evaluation for overall consumer acceptance, were
observed in fruits treated with 3 mM salicylic acid. Therefore, treatment with 3 mM salicylic
acid can be considered a safe and environmentally friendly approach to maintain quality,
nutritional attributes, and desirable marketability of Mexican lime fruit.

Keywords: Citrus fruit, Peel color retention, Sensory evaluation, Storage, Weight loss.



