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Postharvest Hot Water Treatment as a Non-Chemical Alternative to
Fungicide: Physicochemical Changes and Adaptability to Oxidative Stress
in Sweet Lime Fruit

™* las plyay 9 5988 S

oS>

©

5 tbordsSesed (o SRy 2 elanlS SZB 5 a8 Ol o gypabsd cuiloy I e laslers il

F Jolss baylews .ol asdllas (Citrus limettioides Tan.) s pdigond 0ges (S5 5 (5,0 CotnS 00iS fpmtd odinSloly
2 ogas g (aals) ke Ol g oo;lam,lS ST i) 10 05 0 cLugds 4z 50 FO 0,5 T jo (g 5abse ddds
D plal 59, Ve oy Jolsd jo o obj)l 5 65l 55, A0 Doe 4 o0 AD (oo Caghy g Gugamdas az )0 Ve gleo
Ol s e b (2L S (Sams 5 035 G 25 ST L oad L sleeses walds (slaoses b anslie o
sarwSTol codled mhaw lagyT ¢ glo,lil sle <SG 5l s .aiiils sgae ol 0 sl S yeScl 5 Cangy 40 IS Joib (65 i
‘SN);—I),; SlroarnSTol lgizme § GlowwSTy JsSUE g slawnSTy @b, eSwl GYBLS (b gommsd s g) 5 i ‘5@.}31
odiaSTol cdled )] 51 s 5090 Llo aalis b wld 40 ogue ol 5o aul o yeSl 9 Cowgy 5o JS Jgid aiile (6 5 i
6LM » Wl L)L""" L)M.KDL{ ra)f uj LJ 03 )l.M Lgl.ﬁo%un )b as <5|l> )O uBLJ w‘).‘B‘ J.QLM: )Lo..u Lngcs,ua ws.: ‘54).:].:]
CatS L}.’)Js_lehA fa)f u_:—\ L oo )Lo.».: <5L°’°9-.t-‘° ‘u_SLA)L:.S‘ ol ¥ )| B o"l"))‘ 9 cs"")"")"& L;L&vo.&.;....fl.)l.; 6‘93-7“
5 Sy S5y CkeS (S 0SS, 2l b S )B L oadled slrogie a5 Jlo o ing Lo 1) Se s (S0
JM ;ul)Lo.: W}: ‘5‘0_:).11 o..\mflob C,.»JL'B 9 L))B)M ..»...Sl).: u‘).».n ey auLA) U”‘ o RVGRIR) ‘) g.,dl.t G».D...J
drog pleed ST Glp e (3Rl 5 apdised Sloyll ee 1Bl e Cuz el (B9, Oloreas

D9 s

.

40020
S Sy ol JJo 4 5 cwl RUtaceae 0,5 g sboaisS 51 S (Citrus limettioides Tan.) y ydgond
oyl 3l ogee ol 50 el 5 e yhd dile Soxe slaoole § ] SuyeSl (Jladlun; oS 5 5 sarwSTol
‘w‘b).: )| UM 090 O &_)LAS)A 090 %0.5 uwlf 9 s_JLuLa LgLQJ.oLC u)).)w.e{o )‘ (V) Jw.:la‘so )‘0)9}).3 @Yb ‘5’|J.C
30 6 yenS o Olanls flie a5 ouls (5,155 0500 ol jen 4 1) 0w goladl sloo )l g sl (2,8 slo Sowg

VE NN Gl gl VE< S TAIYA il o o b -
RRREAA SR e (39 op pf> oKiils 1;”9[.25 saSlisls aschb ew4o g |a9lc oj)f ul)LoL..MJ [ EY -Y
(Pedramassar@gmail.com, Pedramassar@jahromu.ac.ir) :Sig xS cuony ¢ Jgiomms odins g #


mailto:Pedramassar@jahromu.ac.ir
https://dor.isc.ac/dor/20.1001.1.16807154.1400.22.4.8.5
http://journal-irshs.ir/article-1-588-fa.html

[ Downloaded from journal-irshs.ir on 2026-02-16 ]

[ DOR: 20.1001.1.16807154.1400.22.4.8.5 ]

JL“‘j)ﬁ:-’ L;‘“

39 O mirgand 0gue 0 Culilo 3l e Plase (et 31 S (V) iy a0 B0 B Y dgas 4 Wlg oo dmgi >
(V) a8boo (Slojlil 099 50 ()8 (Sdrwsy

Soewg S5 S mly 9 Ol e Olere 4 pleed Sl AS T 0l DL e cBlo g 5l ey Caio )3
Sl lo J5S Sqar oslitul 0590 (257 )6 pyes alox 5l Jllileal 5 Jolanls (Jrogis (Cosl az g5 3590 LS po 092
a5 SGE ) Glaogee Srae 5 oy 4 Joled 5k 65,08 4 Sl LA 03,0l (D) it DS o sy 5l iy
CF) ol ial33l 45 9, bl o0 ooliul LT el 31 e (6,145 5 b o cilizee Jolye 5o oliasds sloosle ;|
OB WS B pae Lol sle 2 g 095 (slackai 3 (lsh ulul 2 SLS o 0055 ly (sla 9SSl (6l iged Glgieas
sl ) lagl oyl ojlal Joame 10 puw 5 (olonds looole oaile Bl il § S| slojles Jlasl byl 4 oS
dog B polie (slaaisT adgs 5 3o o8 S (Ol 6l ST B Cungons JhaS Jds 4y coizmen (VA) S oo
OF) aliss 690 Ol cdls b ,55lo 5 LIS el glaig, b alboed slo 57,8 005 o5l

S5 &S Sgdioe oo plierd Slapew (23l 5 o (SEE Clo Gl lasles S 2leS sla)les
Sl ladgame clo gy 5l ey SoheS Liio g lacdl [0S« Sojle s ol (1l Sagy S5 pshateas L]
5 2 @ 2leyS bl sgume 5 )l 08 Gepel 4 B g T 51 e (V) 0l Jglate g ()8 J5l sloans 5o
ey & bgye gloamiald Il 53U 4 dacdl 5 () Glagslen S5 sl SR lagis; b eSS 0 b
Sl @le)S cdloy 5l slajles 028 (TY) Sl pgw o (SLel laJgaze Jlo)lil jae Gilfl g cudsS Lad>
S (oo ol 5 leS Jles oo ST iged plyieay (YA FF A0 1) el x5 0)90 5 SLS
A Q) badly 03, i n 9 (M) Go5 JEn (V) Sgbn S loogee Cdlsyy 5l o CodS Lid> 5 (Saws
el 00l

Loowd ety Jyame Jlod 988 (npdged Jpame caiiSads Glad (355 Olyedr ppr bt 5o
GG 2ais 5 oy (egas 2T Sl el pgwye 60l Sl @y JES I Gy w5 alerd (157,6
GiloSin b g sole laiaghy plnl pg3) 5 Cual xS (LS po sl bt Glape 9,5 L akal) o 520 ceadls
£S5 ey ) G Jled @bl (2l Ban byl eghy nlply ol SEB T la o (Byne pslateds 09505
@leordsSo b sl Shg » bjles (ol lasl anslie 55 5 (Sorwg Ol J5S 2 pled S B L amlis o
285 plomil (n ediged 0900 (S92 9 (5900 kS oS (et

Bvay 9 91ge

i s s It TV il o 0) (6, £ o J 5o sb a5 0 ebgand slioses
Jae p ez olSiils Cls 5l e (559050 0 oinlej] b S50 o g Slls p pya i e j0 (Bl OYTYYRA/VYY!
doi 050 30 CSIESy &g b len § LEST L o) )le 5 40055 (g lal wiile cuils Slilas o)Ll 3,50 L o aiad
Sg1 (o>l o) o )3 YA Glie 4 oyl 5l Jlasiiwl LB 0T ol doogas )l g5l a3l ol Jleel Lz )0
Jsboma b st o o5 ! 3| i 5 (s o] 5 olle) cmmlie slioge 5ol 5 JH 31 oy )
b asas Sas 561 slos 40 ogus 9 o plowl Jasie OT L 2SSl T Jloods g 4iBo ¥ o o duo,0 ¥ et So S gun

les (B bogee gl 2 ugh, 5l 51 &S Sl
5 Wogee 5,50k )5Sl Jols sialesl (slaygiS ol 2] (dolas ol gyl B 5o )5Sl o5 ialoj]
(g 420 Y0 0,5 0T 15 (5y5abst aiBe ¥ ol bajlens g (gl Y 0 oS 10) (spSaisei loy ,ySl
Olsie 4) shie Ol g 2l )0 0,8 /0 Clle b (p e pliw e ohlagl ooliul 550 gl (ES7,B) mejlin) 5 157,6
3,5 15 olSitgles] (glod 43 gy ombans W pod S sliiads Loossa s ypabost Jlacl I i 392 (a0ld Lo
LW 59, A0 e 4 g wad g (sl Kby po bz 5 (S5O jg0 4 0ad (Lo slooges (s
ey Jolsd ) Slaine sla Shs (2bi)l 5 6l naises Wad (IS 30,0 AD (o Cugh; § geades 4250 )+ sleo

AT


https://dor.isc.ac/dor/20.1001.1.16807154.1400.22.4.8.5
http://journal-irshs.ir/article-1-588-fa.html

[ Downloaded from journal-irshs.ir on 2026-02-16 ]

[ DOR: 20.1001.1.16807154.1400.22.4.8.5 ]

e R laie 4 )5 O il e Lo

er Slpoge Vo 1T 2 0 LSTY olaws log ;o 50 090 0ae YV - oolal 5,50 000 IS olaes ol ploxil 039, Yo
b s Sl s (ol )ee latie  les 2 il
OVA) ol dsloe doyo Dygo a1 5 Joo,d 5l oolaiwl b g oowgy 0gue olowd sy b Sawgy ol
_ OW%owdAﬁ x\
Gy o4O = .o
‘SY R ? owﬁé‘d&?
oolainl b g o o du G (6,10 3 diges Al 0 12 40 ogan )9 gl (5 S0l b Wogue 59 LialS ws o
(V) &5 deslore 25 Jgo 8 00,65 b g Jlzms 515

oo 55 SIS () = adsl 039 — sl O XY+
sl 035
(Milwaukee MA871, Jlizus gwad olliws SaS 45 0ge (TSS) IS Jolore dul> sbrosle v jo (5,505l
PH= AV & o, B Jloy o/ ogw Jolomo b ygul s (g, 4 (TA) s BB abowul olis .ol bl Hungary)
ofiws 5l ooliiwl b s ogae ol zlg el Cews 44 TA 5 TSS o b ogun (TSSITA) pabs a3l (VY) o b))

s g S0l (Cao b,)T &y PHAC) gl o

P55 sk Doge 4 g s pSosll Jsidganl J5idgylS 608 5 Y b (ygemsl i (9 31 ooliinl b g ol gl S5l
() ol (5155 ogue UTJ*J&*‘ Yooy

b e ol 5o 036 il p,F Ky s s, (FOlN-CIocalte) sl gonr ylsd (33, b ogse oy JS J5id
boo 10 5 (S0 50 s SO Saw 4 ol abrel ol aBusl s o A gl Sl L YL g ol Ses mole e 58
4 lidy, Jobre g 0b Gordy yle adB0 ¥ Do ay 4lSs )3 93 Vet S g b i 285 13 greds a0 F
FlySan e g noy 1 ol iy San YO+ e T iy Sn VYD 51 (slogaal b oslid Jy olae lsie
B0 clos b o, ol plam o anseesl s 8 ablol ons glyl Jsib o )las iy Seo B0 ds 0oys VIO pyos liy S
Toe Job 50 fegidy Sl oBws bawg 0z (i (d 0w g 28515 483010 D 4y egedis 4 )0
et A Ad (Jei8 ojlac sl 4 do o A gl g S B0 5l eolaiul b SO diges .ol ouilgs iegil VEO
036 039 £55 2 0 JgegsSes cen> p ogae Sewgy S5 98 (e 5 o ds At slatlale o S sl s il
(YD) w5 sylsS

Sie 5 1 5 gl Sl ssbes w ol il Pl 5 S35l o5 S wogee ey aisnlS il sl
Sloo ;0 aa 8o V0 Do 4 aads jo je0 Ver e S b Jols abis] oo A Joibl id e Ve 09380 51 e 0l
Toe Job )0 iz Olime s> b g 0B 33, adsl gl Pl b jslids; Jolowe b Gonts le (gands a2 )0 F
(VA 08 (s 036 (335 255 32 055,500 o 2 Sdsii)l5 Gl o lilinl (e sl oolitul b 5 egil YO

V(TCA) el Stilg S 6 5 yid on O L ogas Cowgy )5 +10 «(H202) (39,000 9T lime (e jolatods
O+ o 0 Gomiy il i85 10 Goe 4y 4880 ;0 190 VY e v v Sy b ol aiBen] ol (Ko g plo> j0 a0
S5 (KD sy sy dshn ) 3 (OH= V) Voo Vo oy Slid il 2y o0+ 4 55k, Jslone 5 S
5| osliil b 0l owlys yiogidy iSiomsl olSid Lwgs Zagli VIO zae Jsb o STy didee] wiz b ablsl YVae
(YY) 20,5 (5,155 056 (39 25 52 Joe9)See ©yp0ts 5 dnalons HaO2 Gl e laslinl  pioeie

0 eud (55l dazie diged Sl o8 ) sy oaraSTly glap BT colld b5l sl Y ojlas as ol
4385 Ve Soe 4 odwlissdy Al w9 0l g5lh Ko (PH=Y) SUS Yoo L 00 el Cland (8L ) L
(TY) 0 033 gradis a2 50 =V slos )3 (229, Joloee 9 jomia lo Gugamdas a2 )0 ¥ slos o

53 podol Zoks s - wenSThsm WSLeST (69 232 (e el i L (SOD) jBgenns ST sm cudled
Lol o) (el 2y gty (sa il 5 Callad (1) 0 s ) il odlad il 5 el 05 n Jsb
A 155 aiged 03U 59 0,5 SO sl A (wals gl ealionlsr Cdx LD liee 4 Gd e jo Lrals Ul

TAO


https://dor.isc.ac/dor/20.1001.1.16807154.1400.22.4.8.5
http://journal-irshs.ir/article-1-588-fa.html

[ Downloaded from journal-irshs.ir on 2026-02-16 ]

[ DOR: 20.1001.1.16807154.1400.22.4.8.5 ]

JL“‘j)ﬁ:-’ L;‘“

Loy aido ) Sae (b o segil YEe zaash j0 )5 iz (lime (Rl ) b (CAT) VLI o350 collad
J305,500) (Hallines 9y o 31 Cdlad (A) 0l b)) e il Vsa oo YFIF (Liigals oy 5l oolicl
Al 5155 gl digad o5l (59 )5 S g3l A (AlB S e 3 a4 5 (g 0SS Ty

Ve (b el YA zaedsh 5o )88 i oliee (2l )l b (APX) jlagesTyy olysSial o3l colled
Al anly a3l called (V1) 4 o) ol 5 Vao doe YA Lol gy 5| oolictul b g aids
A 9155 g Amlone diged 03l (559 p,5 S (151 4 (ARBS S ey esdarnST Syl Jgeg ,Sius)

V Se by yegl TV zaasb 5o 655 i Gl GRalBl L)l b (GPX) jlacesTyy JsSLE w3l colad
Al a5ly i yp o] dlad (5) ab b)) el g2 Ve oo YEI5 ibaels g ps 5l ooliciul | g aids
b 3155 g dlre diged o3l ()59 p,5 So il 4 (aBBs S e 40 eabanST JSLE Jgeg ,See)

AN g Boges (35 5l g pab gy (ohols (S5 (e b)) Jeld (Bl cd) (oo sla Sy (b))
Sl ol plol ogllas codsS 5l 095 i pad Sl g ads) Ghigel gy (Lo YE BVA () 5 ¥ 5 BI T Lol
@il e o Sf Gards b Sby)l o3l el a5 0l oyl B slasl plod by 09250 (ialosl lav=ls
C a0 Y due aS 0n DY ol o gous ikl Djgo 4 (Shg o 5l 69,8 2l Az aiad eslel (gumy
255 361 sles ;o (Ll anlh ples (V) 09 CuteS e s Ok b adye LB) Joid BB oo (0 50l eatmog s
A pleil o lasliwl g8

305] Ly b puSilie g plowl UF s SAS 38l 5 L laosls (gLl 55lSTy doesls oyos Jloy 31 limas] 51 us
A A Be o0 O Jleis| mlaw ;0 LSD

o g b

2 ool B GiSen g (chalojl sloygash Sl alaS jo 5T (sl o ools L) uilyly a5 slaazess Gulol
Ogo d boge (s R (liee (Sloylil loy S L ag o s o y0 O Jlail e )3 0gie (35 SRS oo
sl & Loy i jar g pSoiluil glagle; plas o o] (2ol liee cnpnS 5 Griote 5 <8l Gl o g
o e ia mlan)5 S7,B 50 0ol jgabol 5 aald bossle 5 slajless laogee (rm Sl 39 05 Ol 5 wals
oty () JS8) 4 oanlice oLl oo duw 31 Ly 4l 5 LS 7B Lot (gloogen comr ] g Slo Ll ol 9 4 Sy
05 B 4 Cond 05 Ol Ster LT wise V USS slaanss

p gl Bl jiiSen s siolol slo,eS 5l plas™ o 31 d(cwl oais ools lid) il g 4320 sdvases bl
5 98l sloogie (Soews Glie (Slo)ll Gl CldS Loy o g wo )3 B Jliol mhaw )3 Wogee (Sovws Gliee
S G (05 S (5,0 paiges loj dws 50 aalis slhoge (sl sal Cud  Sows e 28l il 0 5 O s
S Oliee (Jlie )3 CBla 352y 5)lo gime Sgli sl ey 99 nolie g 990 ey VY Sl i (0S5 Ve Y
ALyl jlie i cnl a5 09 0o )3 Wl i (008 9V ssu o e p)F o o 5y5abst e slaoses
b oadlors slaogee 05 walis slaoges 5l S 5yl gme Sjgo 4 laglej plad 4o 05 O jlad slooges 9550 50
() J58) was (Soapwg s Gloylsl oy S L jlan)l5 45718

Sl Cusby Li> 5 Cusl ogee Sy ol 5 T ans o0 £ osee Slo)liil 090 50 a5 cel Sl (139 alS
GlS L Cesgy el 51Ol Ll s 4y Casby (ols e el Fge (Glajlil 0,95 5 oses (139 2 Sl (55 sl
G5 Wlgi oo (Slo)liil 0,55 19 0gne smrbs pge (1S inl (g3l Cenl Lai e 305 g i glaaiy TP Lagi 0ge ()3
SOl @b sless 5l oalinnl LYY )13 130 fgali Sl92 5 0gme (o 2 0w jLid ol g ools Bl
5 sy dme 50 oS cole S i ale)S e Jes Jg5le clS Jpame (5 1alS 5 o 280 Sl
(iadgh Ho abaly cpl 0 (V) s s alS 1) Cungs mhaw 31 Of ols caws Gl Ce s oS il Cngy plidl g S
2Ll sloogee 5l S aoy0 B0 ey Ll 1o 6)eS5 55, VT 5l g p5 ST Losd Jlas (o5 sedd Glaoges (35 S0l

YAS


https://dor.isc.ac/dor/20.1001.1.16807154.1400.22.4.8.5
http://journal-irshs.ir/article-1-588-fa.html

[ Downloaded from journal-irshs.ir on 2026-02-16 ]

[ DOR: 20.1001.1.16807154.1400.22.4.8.5 ]

e R laie 4 )5 O il e Lo

S5 L ogee 39 Rl 5l 6 pSsla T a3l (Fe) antils basye LS 0 )5 (Sopos SIL T, o &5 s 5158

256 @losS sless Jlesl (g, (1) Celonds plsie i jlard Jlasl G o Ol Gl ami 0,5 O 50 (5 5abse Lo

dlia )3 0,5 (158 b Luwilly o5 JUiS (slooge Lot caigas Blsie o anl A5 13T 090 (59 el Sad g o1 S
() 3l Gal38l (g lo sme ysb a1y 159 SRl S T L

2 s (V) 05 oo laglB sai 5 b, 5l oo comms ciniSd dcd glaoole cilo (olo)F (glaylows Jlosl Jloow,

5 9,500 SOl Dol (tals s ST (Jsib slacS 5 adsi 5 (PAL) jLlisel (VT Jotd o 3T cudled alidl o]

(f\) \)5....4‘50 Libo%t.o ;My

; 55 - e
8 a I:’ Control
®7 . = 45 I:l (F0°C) o5
IS ® < Hot water (45 °C)
Y < i
18°] o Jz B
? E 4 . c \\,]9 8 2 b aroendazim
I D23 @]
(«5]
=2 - d e d 15 ¢
11 fgfg |_||‘|['| dd d
0 =™ o § s ERRARRRRR R | e EERRRRS | e
30 60 90 60
Skl oles Syl e
Storage time (Day) Storage time (Day)

Fig. 1. Fruit weight loss and decay in control, hot water, and carbendazim-treated fruits during storage at 10 °C
and 85% RH. Means with the same letter are not significantly different using LSD test at P < 0.05.
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Fig. 2. Total soluble solids (TSS), titratable acidity (TA), TSS/TA, and pH in juice of control, hot water, and
fungicide-treated fruits during storage at 10 °C and 85% RH. Means with the same letter are not
significantly different using LSD test at P < 0.05.
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Fig. 3. H20, content and activity of SOD, CAT, APX, and GPX enzymes in the peel of control, hot water, and
fungicide-treated fruits during storage at 10 °C and 85% RH. Means with the same letter are not
significantly different using LSD test at P < 0.05.
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Fig. 4. Ascorbic acid content in the juice and total phenol and carotenoid content in the peel of control, hot
water, and fungicide-treated fruits during storage at 10 °C and 85% RH. Means with the same letter are
not significantly different using LSD test at P < 0.05.
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Fig. 5. Sensory evaluation of firmness, color, peel freshness, taste, and juiciness of control, hot water, and
fungicide-treated fruits after 90 days storage at 10 °C and 85% RH.
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Postharvest Hot Water Treatment as a Non-Chemical Alternative to
Fungicide: Physicochemical Changes and Adaptability to Oxidative Stress
in Sweet Lime Fruit

L. Taghipour and P. Assar™

The effects of postharvest dip treatment in hot water and carbendazim fungicide on
sensory, physicochemical, and antioxidant characteristics determining the internal and
external quality of sweet lime (Citrus limettioides Tan.) fruit were studied. Treatments
included a 4 min dip in 45 °C hot water, 0.5 g L™ carbendazim solution and distilled water
(control). Fruits were stored at 10 °C and 85% relative humidity for 90 days, with
characteristics being measured at 30-day intervals. Compared to control fruits, treated fruits
by hot water had lower weight loss and decay, better taste index, and higher content of total
phenol in peel and ascorbic acid in the juice. After one month of the storage, they showed
higher levels of enzymatic antioxidant activity (superoxide dismutase, catalase, ascorbate
peroxidase, and guaiacol peroxidase) and more non-enzymatic antioxidants such as total
phenol in peel and ascorbic acid in juice when compared to control. Afterwards, peel
enzymatic antioxidant activity increased in control fruits while decreasing in hot water-treated
fruits. Based on non-enzymatic antioxidants content and sensory evaluation after 3-months
storage, hot water-treated fruits possessed the best internal and external quality, while
fungicide-treated fruits with a pale appearance had the lowest quality in peel color and
firmness. At this time, investigations on the peel content of hydrogen peroxide and enzymatic
antioxidant activity revealed that fungicide-treated fruits experienced more stress and
oxidative injury than control fruits. As a result, hot water dip treatment was recognized as a
safe treatment for improving and extending the storability of sweet lime, as well as a suitable
substitute for chemical fungicides.

Keywords: Storability, Decay, Oxidative stress, Warming treatment, Taste index, Fungicide.
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