Y wAa Y a 9 v Z EA=)
nslyautameanudewdhfamueimsaziunumvesuzanaihaenlianes
FLIAT PINNUY*

UNAALD
1 I Y o w a A A o 1 A 3
mmayﬂuwallw:ummmmgmmﬂwgﬂﬂmmﬂsz:mﬂ”lm {I‘EUUW”IT]WULQ'EJﬂﬂi’J’EJ"IEJﬂTS’JNﬁ]"I‘I’iHTEWIﬁH
4 [ Id ' . . . [ 1 1 a
iiesanuziruiuwaldszmmiiugn (climacteric fruit) Hoas1Msmelage deaomaialsn msudilynine
3 o A Ao & ' [ a ad A 1
ﬂﬁl,ﬂ‘]_l'iﬂH"ITlQiIlWQ?J@TCHQﬁ]%%lﬂﬁﬂi’)@]iTﬂWi‘Vﬂﬂi% m'iwamamauuaz%aaﬂﬁgﬂaﬂuuﬂammmw LLG]ﬂiUuWT
A A a 9 9 A (& wa o A Y Aa A
NWUADNITINADINITHENIUHI U ﬂ"li@]i’J’ﬂ@?ﬂ"liﬁ%ﬂ”llﬁ’iu"l’ﬁﬂﬂj‘]ﬂﬁIﬂﬂﬂ?ulﬂﬂﬂﬂ"li(lﬁﬂguuuﬂ1§Lﬂﬂﬁ
g’ A A ] A YA M adg J A A dy 1 s o J I
1!1@1?11/]L‘]J'ﬁ’(’]ﬂ1|$ﬂ7]\1 Hio ﬂ?iﬂ]ﬂﬂ?ﬂ?ii'{]llﬂﬁﬂlﬂ\‘lﬁ'liﬂmﬂiﬁi‘lﬁﬂfﬂ1ﬂL1Ja’f]ﬂW5'E]!u'E]3J$3J’N LLG]'J‘]iﬂ\‘lﬂﬁT)L‘]JH
[V { A ] v a T 3 4 ]
ﬂ'li’J@WaﬁLﬂﬂi]1ﬂﬂ15§]®°ﬂ’ﬁu€]\°lel|ﬂ\1Nghﬂﬁﬁﬁﬁlﬂﬂﬁﬂﬂ15ﬁ$ﬁ1u°ﬂu13 E]ﬂ1\1vl§ﬂ§5]13JLﬁE]3J$3J'NfIﬂ1iEIﬂi]$GITJi]
M ad Jd o @ 03: = = o @ ddyw o A A [
‘W“lJfﬂii'th/iaﬁll’f]\?ﬁ1iﬁ]mﬂiﬁiulﬁﬁl"lfuﬂu ANUUIIAITUMTNAUIAYUBIAAIDU ] NTTUITDUDNANULANA
' [ a 9 Y Y o va Y 9 Y v A
5314'31\1ﬂ'lﬁ’Qﬂﬂ‘ﬂﬂ1imﬂ®1ﬂ1iﬁZ‘VHLquTJUlﬂ hlﬂllﬂ15u'lﬁ3J'1JGWINﬂ’ﬂlli’E’J‘LJGU’E]QWahinJ'lcl,“]ﬂ‘]JuﬂﬂqufJﬂﬂ’ﬂiJ
' ' Y y =y ' & A da &g A 47 A :
@ammmmmmqmﬂ@ﬂ”ln UAZUNFANULANANISUINIUDLEDNA uazmawawvwawauaﬂtﬂa BDUSU N
a 9 dy A 1 =\ = [ qa: va 9 1 a 1 A a
Lﬂﬂﬁﬂfﬂﬁﬁ’f%‘ﬂWU‘ﬁ'uTJLu’E]Lﬂf]ﬁl@iJiJﬂWiﬂﬁEluLlﬂﬁﬁ muuaummqmwmauﬁumuzmqﬂﬂﬁuazmmqmﬂﬂ
91IMIALMUNUIULUANAIIAU
= :JI dy ya ~ wvAa 1 [l g’ yA = Y] ~
Gluﬂ15ﬁﬂ‘]511?]3\11/!klﬂﬁﬂ@ﬂllﬂTiL“lJﬂEJHLHJaQ"U@QﬁiJ“UﬁGIN 9 61]?)\'11!33J’J\11!1ﬂ’é)ﬂllhﬁ‘ﬂ®\‘1clf\1lﬂ‘]_lﬁﬂ‘bl1ﬂ

a =

a < @ { [ o
UNNY 5+0.5 La 13+0.5 peraeadunal 25 U uaz‘ﬁqmﬁﬂu 25+0. 5091 saIse e ual 8 Ju 11Nk

U

1 A $ 1 1 o [ [ ] {3 1
fﬂﬁVlﬂﬁﬂﬂW‘U'J'lﬁiJ‘U@]ﬂ%‘]ﬂ')"liJ%}ﬂucdﬁﬂllf'?ﬁ!,ﬂ ﬂ1ﬂ1§Lﬂﬂ'JTJJ%)’l’)uLlﬁ$ﬂ1ﬂ1§LLWﬁﬂﬂWN%@u‘U@@NZN’NﬁLﬂ‘Uﬁ 5

~ < o ar A 2 g s & o w - v a2
RNGRISBIY TG lﬂuna1 59U fanmL“W?J‘UuL‘JJu 21.21 uag 18 L‘].]’E)il“]ﬂf!ﬂ AU Llazmmﬂumﬂﬂ%%uﬁqu

v
a

< [ 1 @ i 09;1 ] Y @ { [
MIDUTIEIN 25 IUVULNANIFDIVINLHNNNVSAIYIN 13 srnraFea luszoznanfeInuIzu3ess N
‘3 I S I 4 o w =\ 9 A tg A A Qy S o ~ [ 1
vuulu 6 vaz 1 Wedidud muday uazluun THuWLAWTeY 9 tazilodugansiNuInyIN 25 Juavg
4 2 gz sl @ o o & VA g o a ~ o
Wiy 27.27 uag 22 WoTFua 91uA19Y FIUTUMAUNUTABIN 25 DA UsAITIE dUaANa LRIV
= o A a 2 = = = J ' Ad A = A A ~ 4
Re0U WonaTannaulaMUAluaz AT WUNULHNANUN 5 ssrusates UiSuansan lawmsa'ld
1 I 1 a < A 2‘ 9 ] ~ < [ ~
manuiunia-a1e Usuaeswaanazaieila uazeniimarielansnaasaszeznaimanusny luvazh
o Ag o A a ~ A 4 o a < A Sy
P2UNNANUTAYN 13 1ag 25 saenyafod UM INuTUveIoaI1mImelatazdSunavewisnazaisinld
A ] =) @ Y 1 £ Y [ a ~ P A A
oannuzdnNdmsiauudignizuIumsgn Fedeandesnuilimunsai lamsalataanas wonarsan
] ] 4 1 1 o 9 [ 1 9 1 @ ~ Aa 2 A
ANUFUNUTIZHIIAIMTIIANNI ULAZAIMSUNI AN U WAUMI ) Asuu)aslTunaveaudanazale
3' 9 1 o 9 o 9 1 1 9 =] A dy 1 S I 4
M1a wunluszer 5 SuusadimmsiianudeutazmmsunsanudeuliaunuiuuInn 15 1woesidud
A (A 3 A :’ 9 ~ 1 [l ] a Y =& [ [l ~
TuvazndSuaeadanaza1eiin 1dnan HanIuLNUINLAADINMTALIIUNUI FAUANAIINNLUIN

@ 1 A (A <3 { :I A g J a 4 {1 o
‘VWJJHWL%}WQﬂiz‘]J’J’L!fﬂiQ(ﬂi]ZNﬂiiﬂmGU’B)QLL"U\iﬁﬂ%ﬁWU?hlﬁL‘WllﬁHIJWﬂﬂ’ﬂ 10 29UTne TuvaznaInsul

a

a o a o < { a o g A a o ' 9
* Qﬂﬂ1ﬁ1ﬁﬁiﬂ‘ﬂaﬂm“ﬂﬂ (’JV]EHﬂﬁWﬁQﬂWSLﬂlILfd]EJ’J) ﬁﬂWu’JVlfﬂﬂﬁ‘ViﬁﬂﬂTiLﬂlllﬁﬂ’J MWTJ‘V]EHﬁFJL%ENGlWM. 271 iU,



Y] 1 [ 9 A1 A 1 Aa J I v o =2 A <3| YA Y 0 Y
ﬂ?WﬂJi@ullagﬂTﬂ'ﬁLLWﬁﬂ'J'I?Jﬁ’E)uﬂJﬂ"IL‘WlJlliJLﬂ“Ll 6 1losiHua muumummmullﬂulﬂmz“l%mmimmmn‘@u

[ ] [ @ a <3 { 3’ a a ]
LlagﬂTﬂ"ﬁLLWi‘ﬂ’NﬂJ%@uiﬂilﬂﬂﬂiiﬂm‘ll@ﬂlﬂ]ﬂﬁagﬁ1‘(’JL!'llligl}!,g]'mﬂ@]'mﬂ1§Lﬂﬂﬂ?ﬂWiﬁgﬁWUﬁHTQﬂl@QM$M'N

g’ 9~ 4 9/3 ' @ 3 o
Lﬂﬂﬂﬂhlllfﬁ/lﬂﬁ “ﬁ\iﬁ']ll'ﬁﬂ@]i?i]W‘Uhlﬂ@NLLﬁ 5 AULTNUBDINITINUINYI

4 ' o 3 o 1 @ oy
iipsnnmsdeesnuzualdadsama  Sutudeosiinaiiatelvuuasiunalidlrenison e

= a =

™ § a <3 5 ' 1 [ 4 ' [l
ﬁmﬂizm!ﬁ@mma@mmwm 46.5 oA QLB cdﬁmzmumazmﬂwug LL@]ﬁ8%“1@%51%L’Jﬁﬂuﬂ1§ﬂﬂ%~l

Q Y

"o P s Aq Y A v Y o q ¥ Y A a a 4 = o
LNINU ﬂ?ﬁ"liﬂiﬂw&ﬂﬂimnaTTIGLGHGI,HLU@W]HLI@] i]31/]111’iﬂ”lii]ﬂﬂ"lill‘ﬂ5$fT‘V]‘ﬁﬂTW?JTﬂEULl HFINTTNIUIYNTT

{ a ] 4 ' 9 o 9y wva Y
!ﬂaﬂuuﬂaﬁqmﬂﬂvuﬂ'lﬂiuWﬁll$3J'Nlﬁ'ﬂN'I‘Llﬂi3'U'Juﬂ’li‘VI’Nﬂ'J’IiJ5@uﬁ’lll’liE]'V]'II@’Iﬂi“]fﬁllﬂ@]ﬂ’]\iﬂ')’lﬂi'ﬂuell@\‘]

~

] a ~ 9 ~ an 1 A A .. . o 9
wziNNgangl 25 serusaFeanay 195eilisuITHan19dUILDY (Finite Difference Method) Tagivualvina
= [ = wa ] A ' Y a & o oA e
Wil wiunsnszuen Tawiananuseuninuazmsniamanuiowmnayu luuuasamniu ims

[ [ Y [ v
Famauldeuntasguugiivesuziiulegulusruihidouniuquaunnines+0.s serusadoa  unszNa
a dy a S A [ = 1 9 [ = ~ ~
QUNYNVBALDAANAANAWNINY 46.5 DIRUFATE WUTIDINNITNAABI 1FIAUNAY 90 W1 Tuvazinan

o 3 = 4 a = <

Tannmsiunedu 102 i vazlinnuamiandouvesgungi lagmay (Root Mean Square Error) 111 1.81
= (] < = Y o =\ A 1 12 3 Py ) Qddy 9 o Y
perraTed 0613 lsnawdadmsinneszianuamanaoued uatinnuiu i 1dneeids il 9duwa'ld

FIADUY NABIIUNTZUIUMIAIIAAATNY



Application of Thermal Properties to Monitor Chilling Injury of Mango Fruit cv. Nam Dok Mai Si Thong

Rachit Suwapanich*

Abstract

Mango is an important economic fruit of Thailand. The problem usually encounter is the short shelf-life that
stems from its climacteric nature with high respiration rate and is prone to the disease. Storage at low temperature
helps alleviate this problem by decreasing the respiration rate and ethylene production as well as slowing down the
quality deterioration. Chilling injury has thus become common problem among mangos being kept by low
temperature method. The general practices of examining chilling injury include consumer questionnaire relating to
browning at the peel and quantification of electrolyte leakage at the peel or fruit flesh. The evalution results from
these methods are the responses of mango after the symptom of chilling injury appears. In fact, the electrolyte
leakage is also commonly observed in the ripen fruit. Therefore a certain indication index should be developed to
distinguish the fruit ripening from the chilling injury. The thermal properties of the fruit may be used as suggestive
indicators to the maturity level of Nam Dok Mai mango and differentiate between the good and injured tissues of the
mango. Because the chilling injury of mango leads to the changes in tissue structure, hence the thermal properties
should vary accordingly as well.

In this study, various properties of Nam Dok Mai Si Thong mango kept at 5 + 0.5 and 13 + 0.5°C were
monitored for the period of 25 days and at 25 + 0.5°C for the period of 8 days. The experimental results indicated
that the thermal properties, namely, thermal conductivity and diffusivity had increased by 21.2 and 18.0%,
respectively for the mango being kept at 5°C for 5 days. The steady state was then followed until the storage period
of 25 days was reached. This was compared with storage temperature at 13°C for 5 days with the increase in thermal
conductivity and diffusivity of 6 and 1%, respectively. The rising trends were followed until the completion of 25
days storage period with the elevation of both thermal properties values by 27.3 and 22.0%, respectively. Similar
results were observed for the mango being maintained at 25°C. Investigation on the chemical and biochemical
properties showed that the total titratable acid content, acidity, total soluble solid content and respiration rate of the
chilled mango at 5°C were steady throughout the storage period. This was in contrary to the mangoes being stored at
13 and 25°C whose respiration rate and total soluble solid content increased during ripening process. Further
confirmation could also be seen from the decrease in total titratable acid content. When the relationships between the
thermal conductivity and diffusivity together with the change of total soluble solid content were considered, the
chilling injury symptom might be identified during the first five days if the thermal conductivity and diffusivity rose

by more than 15% with constant level of total soluble solid content. This was differed from the mango underwent the
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process of ripening with the increase of total soluble solid content above 10°Brix while the thermal conductivity and
diffusivity were elevated by less than 6%. Thus there is a possiblity of using thermal conductivity and diffusivity as
well as the total titratable acid content to monitor the chilling injury symptom of Nam Dok Mai Si Thong Mango
which may be detected in the first five days of storage period.

There is a requirement of disinfestation the eggs of fruit flies in mango by vapor heat treatment until the
fruit core reached 46.5°C prior to oversea exportation. The heating time varies between each mango variety thus the
ability to predict the heating time will enhance the management efficiency. The prediction of temperature profile
inside the mango fruit during thermal processing was possible by using the thermal properties of mango at 25°C and
finite difference method. The following assumptions were made; mango fruit had a cylindrical shape, the thermal
properties were constant, heat transfer only occurred radially.

The temperature profile of mango fruit immersed in the temperature controlled water bath at 48 + 0.5°C
were monitored until the fruit core reached 46.5°C at 90 min. The predicted time from the model was 102 min with
root mean square error of 1.81°C. Although an error associated with the prediction was still existed, there might be a

possibility of applying current method to other fruits that required insect disinfestation process.



