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Abstract : Effect of heat treatment on chilling injury of mango cv. Choke A-nan was studied. Mango fruits were 

treated with hot air at 34 and 3 8 ' ~  for 24,48 or 72 hours prior to be stored at 5 ' ~  for 10,20 and 30 days. The results 

showed that mango stored at 5 ' ~  for 30 days showed symptoms of chilling injury which were darker skin than normal, 

surface pitting and more decay. Electrolyte leakage can be tised to determine the severity of chilling injury. The 

chilling injury mango had higher electrolyte leakage, lower level of total soluble solids, higher level of titratable acids, 

lower ability in changing skin and flesh colour, higher disease incidence and lower quality of fruit than the normal ripe- 

mango at 2 9 ~ .  Hot air treatment at 34OC for 24 or 48 hours and at 38° C for 24 hours prior to be stored at {C for 10 and 

20 days were able to reduce symptoms of chilling injury. However, the mango lost more weight and flesh firmness than 

untreated fruit. 

" nint ;~ i ,dm~u ~olzrno~sainmi uwiimuiA"PlrSus1wu' t3uslwd 50200 

Department of Horticulture, Faculty of Agriculture, Chaing Mai University, Chiang Mai 50200, Thailand. 



~ p o m ~ u '  34 tmz 38 oanitrnlua uiu 24,48 an: 72 h ~ u s  f i o u n i ~ t 8 u i n ~ i d p 0 1 ~  5 0 9 f f i ~ f l t G ~ t l  uiu 10, 

20 tmz 30 i u  wnnimmnoad~ingii wauzliaadti;uinlnipaw0ii 5 osmirntGun dunrnuiu 30 i u  
4 d S  tmfisoinim:#iunuia noufiHandniidni? tifst9auoswntiisln15~u~a tm:tiifinisniit~uuin ni5hlnnuo-a 

mr~mnFm~lnn'mu~rnnia~naiu~uti~auoao~n~~azfi~u~u~al ~fiunuiinishbauoaai~~tnnbm5lnw" 
' K a  i~uuinuuiuownuziastiaaaoini~rr:#iunui wnuzliaaiuafiseini5azfiiunuiaid~uioruosaiudsin:niudi 

K 14ii 11iuionrfiillmimml6~a Raiuaiuiro~uninl~liuutt~lnsii~aitnziitdonfins iiniriGitauuinuu tmzqamw 

u o s w n i ~ n i ~ w n u z l i a s i ~ n m i u ~ l n ~ d p o r ~ ~ ~  25 oanitrnSun n i s ~ ~ m n i n t b u i p o m ~ ~  34 osmnn~un uiu 

24 n i o  48 h ~ u s  u n z p m ~ i i  38 os~ i i rn t~ua  uiu 24 ~ T U I  f i~wnu:iaa~iouni~t~u~"nuidpaw~~ 5 
9 

oanit~ntGuauiu ~ottnz 20% a1u1snnfio1n1saz~1unuiauoa~nu~iaal8udwnu:lias~n1sg~tdu31nJnqs 
4" tmziina~utt~utuod~ni~~nuziasd~nm~udni? 

wnuzojaq5uoialojiinmqoin13iija i i i o i a i i n ~ ~  
d 2 

oiniswrwo5imAuiui~ $sozi5adiwin;o 

Jdindi wnuzoja-aoiaqniiadnn' rnailiimdnn' 

d i d 8 ~ ~ 1 ~ 1 l d f i u ~ 3 d  i~~rou(ud8a (surface 

pitting) L L A ~ L ~ I L ~ ~ P J S I U  F I ~ I O J ~ W ~ S ~ V ~ ~ ~ ~ I ~  
4 -  4 iduniumnRtuo.roinaini3nzJiiunuia$uo~ 

n'upsungGuaznaiuuiauiu~0~wnuzoja~ 
i I C i j Y p o l ~ ~ ~ i i 1  (m~u,  2534) i i u  uzojaqY*i 

ii~i~u~ii;u?nlndganpu^pG 2 imz 5 ocaiiaalun 

u i u  20 ?u ii~afiiwauzoja~uiii;u?npIid 

az~1unu1au1nn~1wauz~a9~u (Medllcott 

et aL, 1990) ~ n u z ~ ? 4 ~ i ~ ~ 0 1 ~ 3 ~ z ~ l ~ ~ ~ l ~  

%I pH d l  i i ~ ~ d 3 U l ~ ~ 0 . l n 3 ~ d ? ~ i ~ 3 ~ b a ~ ~ 9  

I u u o l z ~ d ~ u i o l ~ o ~ i i ~ ~ ~ n z n i u ~ i l 8 ~ 1 n i i  
~nqnWludnfi (Chaplin et aL, 1991) 

ni~aaoin i~nz~unuia i f lu  ni3iauidu 

n~iunumuuo.ri~o$o~""~~~iogoln~~iiri~u 
ni.jrAu?npIi $sniui.jn+ildnniu33n13 i i u  

m~14ptun4iiq~riouni3iAu?n~i nir l4' 

einin~udqtungli 30-40 ocaiimiQunriou 

ni3iAu?npIi aziauiAuna7uwuwiudoni3 

~ z ~ i l u ~ ~ l ~ % D 4 i ~ ~ l & l  (Lafuente et al.. 1991) 

i i u  i l w n u ~ o j a ~ ? d i d u i n ~ ~ ~ i ~ o l ~ ~ ~  3s  

oqaiiant+un naiu$uau<wi 90 ~do i i l u i i  

UIU 24 !in:: 48 k ~ ~ q  illi?l6u?fl~6~ompii~~~ 

5 ssaisant+un u iu 11 %I sti3'aiildi6u?n~17 

igoln?ii 21 o.raiiaai4urr wndnngiiwn 

uzoj~ti!&~goln~ii 3s otniiaai4un rioums 

a6u?n~ii~nnaiuiiu~iuoinoifli~nzJiiunu1a 



i i fu?n~i~n"mnaiu~~un~u~~no~nisaz~iu~uia  
B 

nrnaq (McCollum et ol.. 1993) %.lnlsl$qmnfJ~ 
qqhwkwar ioumsi i fu fnw muisoarnoinis 

a z d i u n u i a l l  idoqoinqolnQiinqi!'u i i W  
' B a d  2 ~~o~uow%unisa~ i~~ds~uw'~auuuui  dun41 

heat shock protein (hsp) (Whitaker, 1993) i i o d  

uziilomniIi<u!mwgii 38 o ~ m n a ~ G u a  uiu 
3 5u riounis~ifu?nui~~arnqoinisazw'iu~uia . . 

arnn-r unzwnu:i~o~nn~ll?unaiu3oui hsp 
' A '  aW"uuui1%P1'Wudooinisazw'iodnuia~X (Lurie 

et al., 1993) 

ai~ranuniswrnaosiiuu~~~u~aufu~u 
auyrpi (2~3~3)+3+1  i i q n u a  22 nrsu?; 
( luau 4 h ~dazkdtznou~i?u~lauzoia~ 13 

era i i n i s 4 n ~ i  3 YeCu 8 s  

Qiwauzdasus9~luqswaia5n uuim 
Y 

20x30 Cia Loizzuuirn 1 tclru5iums ~ 1 ~ 3 ~  4 

zdoqq ~rnhncla~l"'aQiwnuzoia~ldlai lu~ 
Jsd?ugentJiiuotoinia~.A'ipiin'u 34 iaaz 38 

a.rm~.aa~Gua a ~ u ~ a a i  24, 48 LLaz 72 h ~ u q  

~ u ' o ~ ~ ~ a a i ~ r i i n u r n ~ ~ d a ~ i ~ d ~ i f u < n ' ~ ~ i d ~ o l n ~ ~  
5 oqni ia~atGua uiu lo,  20 LLaz 30 5u 
~ i n ~ i i l n i ~ u ? n v i d ~ o l ~ f ~ i i  25 o ~ n i ~ . a a i G ~ a  
~uinernnisnrnnos1od~u4 6 uo~n is i i tu?nw 

ignmrJii 25 ormaaiGun i ~ u u ~ u u t i u w a d  

ldlri~unaiu3ouriounis~ifufn~1idqmn~ii 5 

o.arni .aa~&~a (control) L lnzwnuziaqiqn 

m ~ u d n f t d q o l n ~ i i  25 orm~.aniGua (check) 

nis%alwauosnirZianlmsIaw" 
( n l u ~ ~ n i s u o 9  Cote et al., 1993) d?ul~~109LL~9 

dazniu$ilX d~uimnsmd?prarn'lEi G n a i u  
LLdUL&uoqwtl h~%# f m e s s  tester (Metek 

Hunter Spring, Model LKG-10, 0.1 kgldiv.) 

l i l i o i z ~ d n r a u  Jqiuui rn~ki r r i i~uGnniq 0.65 

i.au5~uprarn'l~i-j rraznaiuqqiZuus 0.7 I J U ~ L ~ B S  

d ~ u r i i l f i l ~ u n d a u n ' l a n  Ju msqola3u&nu'n 
n i a d i h u r s d a q 3 ~ a  w'oisadim~uszuunzi~uu 
1-6 (I= i u a  ilaz 6=iai4ina409 uinn41 75 

i d o ~ i ~ u ~ u o ~ w a )  n i s ~ d ~ u u i i d a ~ ~ ~ ~ o u o ~ w a  
~muW'~ismi~iuszuun~~iupd 1-4 (i=uia L L W ~  

Y 

4=ina"osi4u) a'n~sMzindn5uoqilGa iiaz3lGo 
dszr~unisrn"rnIsnuoqwauz~aq ~ 'QISSMIF;~~~ 

3zuun:UUU 1-4 ( l = f l f l I ~ ~ E i ~ ~ ~ &  )Iiil'jn 



i iaiitumr&ld 8 r i i n ~ s n u i n  ( i in i iu ! i l&)  
1Jsztiiupmnirr&~unis5u (taste panel assess- 

ments) lnunisdsztZutGolutt4sn~i~ (taste) 

nn "~  (flavour) ttaznisuou?uvh!d (general 

acceptability) 1 ~ ~ % f i n ~ t t ~ ~  1-9 g0 (1=!i%0~ 

uiniqr ttaz 9=%ouiqn) 

wauzia~~ldl&?nrnaiufouiounis 
t8u?nvi igmnpZ 5 oqaitwatGun uiu 30 i u  
in1ssl?lnauoqrns8tan1mslaw"~q~rtiin'u 

d d  d B  
60.35 tdostwum w ~ ~ d t t m n i i ~ u i n w a u z o i a ~  

i ! 8 ~ u n a i u f e u  3s osa i twat~ua,  uiu 72 
h ~ u c  i o u n i s t d u i n l n d g o l +  5 0 3 ~ 1 -  

t m t 3 u n  t$wzuztaai 30 i u  & i n i s i a % n n  
d ~ o .  

uoqnis8tan1ms%awtwinu 53.32 tdoitCj;u& 
94 A t t i t t m n i i q a i n n s s u a ~ o u q  d a u ~ a u z i a q  

f/qnmiudn~ inis~a!nauocnis$tanlmslaw" 

t i in 'nr  26.97 tdoitCj;u& ttaz!ittmniiquin~a 
u~~~~~!&?'LI~~Iu,',M 34 09fflb~llakG~n UIM 24 

ttaz 48 i i a ~ u s  i o u n i s t d u + ~ n l n i q t u n p i i  5 

oqaitaat?unt$uszuztaai 10 ttaz 20 a'od 
ttnzwauziasi!&?unaiufou 38 o ~ i t e ~ a ~ ? u n  
uiu 24 $--JTu~ i o u n i s t i ( u i n ~ i ~ ~ o l n ~ ~ ~ ~  5 

09 f f l t c l l ak~~ t I  t $ ~ 3 ~ ~ ~ t " J a l  10 LkWz 20 
A 

(.131d 1) W4 McCollum et al., (1993) 5 1 ~ 4 l ~ j l  

n i r l h a i u f o u ~ q r u n r J i i  38 o.rnitaat?un 

uiu 24 ttaz 48 Qa1us 4 s u J i ~ l a u z i a s  
' ~ d t A u i n v i d ~ t u n r J i i  5 ocnitwal i iun uiu 
11 i u  t t ~ a J i ~ a u z i a t u i t 8 u ~ n ~ 1 i ~ ~ m n ~ Z  
21 osmtaa~Gun d n n ~ ~ i m r l f i n a i u 3 o u i o u  

n1st8nrin~1n1u1saaro1n1snzol"1u~u1~u0~ 
wauzigtW oiatdotuiain n i s ~ # n a i u f o u i L  

uc( a 3 i1lnt;otuouo.ri~~nisnf1~1ds~uw'tavuuui 
t ? ~ f l j l  heat shock protein (Whitaker, 1993) 

ku~sluaiin~iaudoqn"unaiut8uniu$uztiin 
riu1ds;ulutmd tmz~dsiudtdua?Inrtdofu 
ttazu'9iaudosn"odtoulwoJ" bta~1d3~~!dlfitn"F1 
na iu t i inmunion y n i i ~ ~ u l u u m z ~ t 8 n r ~ n ~ ~  
~ l i i m ~ l a i ~ m ~ ~ i i 1 1  (Lafuente a al., 1991) d~ 
m ~ ~ f i n n u ~ u i  3s o . r~ imat i iun  uiu 
3 a"pd n"~luztJetwaisunist8u~n~11 niu isaan 

o i n i s n z f i u n u i a l 8  ttazwu--iiwauztJo~ola 
f / l&?unaiufoud heat shock protein ~ ~ ' U U U  

~~~fiwauzt~otwawu~oo~n~snzol"~unu~a~& 
(Lurie et al., 1993) 

w n u z i a q i ~ & ? u n a i u f o u  38 0 4 ~ 1 -  

tclratiiu~inis~a%nauo~nis8tan1mslaol"tiin'u 
d d  d A  

37.74 tdosalum wqatmniiqotiiqGGud1$1'qwiq 
9 9  a4 

nannuwnuzu'adl&?unaiufou 34 oqffi- 
twatGun riounistitnr?nvi Gsinisia!naues 
nis$tan1ms!aw"tiin'3J 30.43 tdo;tCj;u& 

szu~am~waolzljas!~?unaiufouid3uim 
nis%a!wauosrns"oan1mslaw"ttmndi~n'u 

9s a 
o d i t i G u d i ~ d m ~ n n m  n o ~ a u z i a 4 i l # ? u  
n a i u f o u u i u  72 i i a ~ u q  inisia!wnuesnis 
4 

stanIms%aw"ti in'u 40.50 bd0;t$~& ttaz 

wwuzo jas i~#~una iu fouu iu  24 i a ~ u i  i n i s  
ialnauocrns$tan1mslaw"6i4n~o 29.36 

d 
1do&%u6 J q n i h 4 n a i u J I o ~ ~ q u u t ~ a z  

3 
szuztaai~wauzias!X?unaiufouu~u~u 

u a  A r9unitnq i i lnt&tuouoqwaqni iaiu (~orr i t t  

and Lidster, 1978) ~ t a z n i ~ i ~ a u z l j ? 4 i ~ & ? u  
n a i u f o u  38 otmteHatGun uiu 72 i a l u c  



Table 1 Electrolyte leakage (EL), total soluble solids (TSS), titratable acids (TA), flesh 

firmness and weight loss of mango fruits treated with hot air at 34 and 3 8 ' ~  

for 24,48 and 72 hours before storage at 4~ for 10,20 and 30 days and 

ripened at 25°C for 6 days. 

- - - - - - - - - -- -- - - -- 

Temperature Heat duration Storage time EL TSS T A Firmness Weight loss 

('c) (hours) (days) (yo) Cbrix) ?/') (k@ (=A) 

30 5332a 14.4% 2.63~ 0.43 b 22.76b 

Untreated mango fruits 10 36.04~ 16.9% 0.88~ 030c 15.74d 

(control) 20 43.14b 13.5% 1.09~ 0.49b 17.66~ 

30 60.350 13.20e 2.63a 0.21~ 19.20~ 

Normal-ripe mango fruits at 25 'C (check) 26.97e 17.60b 130c 031a 9.55e 

LSD 0.05 7.18 1.55 0.62 0.18 2.71 

CV (Yo) 1435 658 28.68 32.89 10.11 

Means within column followed by different superscript are significantly different at P < 0.05 
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Table 2 Effect of temperature, heat duration and storage time on electrolyte leakage (EL), 

total soluble solids (TSS), titratable acids (TA), flesh firmness and weight loss of 

mango fruits. 

Temperature EL TSS T A Firmness Weight loss 

( '~)(facta  1) (Yo) (brix) (%) (kg) (%) 

LSDoas 2.37* 0.4711s 0.1911s 0.0611s 0.9111s 

Heat duration EL TSS TA Firmness Weight loss 

(hours.)(factor 2) (%) (brix) ("4 (kg) 

24 2 9 3 6 ~  1835a 1.16~ 0.33~ 2130a 

LSD 2.91 0.57 0.23 0.08 1.12 

Storage time(days) EL TSS TA Firmness Weight loss 

(factor 3). (%) (b) (%) (kg) (%) 

10 28.83~ 17.00a 1.22b OA7a 17.19b 

factor 2 

factor 3 

l' Means within column followed by different superscript are significantly different at P-4.05 

*= significantly (Pa.05) 

ns= not significantly difference(Pa.05) 
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