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Abstract

This research aims to study heat transfer phenomena and food spoilage in chilled food heating process
subjected to microwave energy. Two chilled food products from 7-Eleven shop as: sweet mung bean porridge with
taro coconut cream and steamed egg custard were chosen as experimental samples. The experiment of ready to
eat food heating using a microwave oven with 2,450 MHz and 1,300 watts was performed. During the experiment,
the temperatures of the sample have been recorded by reading from fiber-optic probes and infrared camera. The
study of food spoilage after heating considered in terms of microbial analysis and sensory characteristics as
perceived by sight, smell and touch. From the results, the temperature profile of both samples is same distribution.
The temperature at the edge is higher than that of the center temperature of the food. In part of food spoilage, it
was found that the total amount of microorganisms detected in food will increase in number and increases in quantity
when left over at room temperature for a longer period. For foodborne pathogen, Samonella spp. was not detectable
(ND) during this period (48 hours). In addition, the food was stretchy slime with a fermented odor, which was
classified as an off-flavor after 8 hours left at room temperature (25 °C). The results of this study can be used as a

guideline for the development of product pattern and label indications.
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NIZAZAIN T9AI5) ATOIA UNAINIATE UALIATIRR aNnsnnaulanddnadie atneasda arvnsudifiuiazanmg
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2. N19AnmANANLIE IaBIANsEN (Dielectric properties)
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3.1 AN19IAINFeY (Thermal conductivity)
AnnatinAanaEen dudnEnfild “c Ae AfiuaniAnuannsalunnsinamadnsEauiagnistinainsEeny
209380 Huidenilu Wim.K)
AR T aUNNI UL AN TN AN LS A U810 S (Becker and Fricke, 2003) ﬁlgmuqﬁiwdw 20 -
100 °C ftglunu fvil

V.
k-7, k—’ (Perpendicular model) (1)

Tnel ¥ Aa Volume fraction 18481381905uARZIHA LAY iﬁ'ﬂ A9 M TUARZTUA

Avualii & lunsdag W/(m.K) 28941920913uma1ia ANwNAL
krfaty=0.18 ; k, (protein) = 0.20 ; k. (carbohydrate) = 0.245 ; k, air) = 0.025 ; k,, (water) = 0.60 ; k; (ice)=2.24 ; ks
solid)-0.26

3.2 AIMIIN9AMINNTBY (Specific heat)
P v o el o 2 & o Ao gy a o o a
ANAARNNERU ATyanuninld Ae “c,” AeiliunuanuFan 4Q qa M liiunaansuna m ilaniu Hgungi
wanwll 1 wadu Sudeenilu J/(kg.K) aunisinungriaiqadsauuedans (Fricke and Becker, 2001)

¢, -4.180X,,+ 1.711X, + 1.928X; +1.547X, + 0.908X, )

Wile X; A8 Mass (or weight) fraction 2094170 INNTUAAZTUA WAZAINAE w, p,f, c a An water, protein, fat,
carbohydrate, ash ANNATAL

3.3 ANTUNINIZAIEAIINTRY (Thermal diffusivity)
ANNITUNINTZANLANHNFRL ﬁmﬁnmﬁw Aa ‘@ n1FaNnenINdaua9AIN1TTNANERY (Thermal
conductivity) 1843@AABNAAMIBIANAINNULILUL (Density) fUAIANFAUANNE (Specific heat) mfaqd”mmfu
mumsﬁqnﬁwmLW@‘L%ﬂa:mmmmmwémm’mm’m’éfauﬁmﬂmﬂ Tmﬁ”uﬁumﬁﬂs:ﬂfauﬁ”uﬁmmm

£
o

271117 (Fellows, 2009) Fatl
a=0.146x10°X,,+0.075x10°X, + 0.100x10°X; + 0.082x10°X, (3)

Wa o Audaaidlu m’/s waz X; Aa Mass (or weight) fraction 1898120 9N2usazaiin uazFatias w, p, £, ¢ Aa water,
protein, fat, carbohydrate ANNAAL
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4949 1300 W A2MD 2,450 MHz Haunianiguan (N9 X 219 X g9) Wi 422 X 508 X 337 1. 1uianielu (nf19

LR}
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o o | ¥ ~ a o v .
nFetveseanangud uiazginanamaniafnuum (Top shield)

Wampauiamped uaziie Data logger

\Watlsrg drsratatmsnas e ulasonisumisnnans uazaenanelniuadaesn

ﬂmﬂ@:mmﬂuimmw ﬂm‘wmﬂmmmm%xunuﬂmnmmmma waznALN Start (FNN19919U

ok~ 0D~

mumﬂmmumnmqumemﬂmumﬂu Data logger WazfnaNInAINGaUAENaIAUNILIA NS
NARDITNTURRUT 1-5 Tava 3 ASssie 1 YRS

Tpendesaunisai i lunind 2(2) unfesdunnien FLIR TG165 149901937 -25 to 380°C, Resolution 0.1
°C, Accuracy +/- 1.5% or 1.5°C, Emissivity 4 Pre-Set Levels with Custom Adjustment, 0.1 to 0.99 &< Distance:
Spot (D:S) 24:1

i 2 (n) gansmaaasguasfaaan lulasion (1) nsdran naNtausisandesduriee

3.5 miannimafenfaresemsugidy
nMsAnnziniadenderesdninseradidulan imessemnsugiunsdlinm dauau 2 wdnsinet
et Tiun dhdaunsaeiasuas lisumsensudszniu wdsanntinanguiaglalasawanuiiszyunusesiost 15
11'1r;Tf;faﬂ"mmﬂi:Lﬁu@mmwmqﬂ?:mmﬁutTmmemﬂﬁmm:ﬁmﬂ?mmﬁyfaﬁﬁuﬂﬁﬁLﬂummmmmatﬁﬂmﬁﬂ
29981117 LU ﬁ’mquqﬁuvﬁ‘ﬁﬁwm (Total plate count) wazaAwvisralsaluaimafddyuazsinmuteslungy
awnsutiduan 2 9ila Wun Escherichia coli uaz Samonelia spp. daululdauinnusinasenuauiliunnaauwidly
aanEaNT LA NLsTn AN AN A aATNI UG (09 1N0MTANININTNIATIANE1IRIRT M TAT N T L T
81913 2LTUT 3 WA, 2560
3.5.1 MABTEINAIDEWNHAAT UM TUT T
nuAn s swiduia 2 uansouel wgufiaelulasianauiissyuunssq o ansuifuine

NgnunaRiies (35-37 °C) ilusrezionn 24-48 Galug Mnisifiudanetinmn 4 dalus luliunuaivas 25 n3n Tnaula
ldnetlaenide Waanedisamninaefiiunissin@eliunm 225 nin wanlidniu anduilidnszinigeqaunad
SR D

1864



A9ENTINENANARTYIN T 26 (11UT 3) Muenew - FUNAN W.A. 2564
BURAPHA SCIENCE JOURNAL Volume 26 (No.3) September — December 2021 UNANNIAEY

3.5.2 MIAATIeiqaunze TUNARIUTTa Ui

o o

tsaetvesmiivluszazioansing o 1ianisiaeanaiiuafu (Serial Dilution) MUNIZAN UATAIA

« a

sz auang 3 1iin 1Aun AMuauq@uyisd (Total plate count) Escherichia coli Waz Salmonelia spp. Tagl4

Q
£
=

ANIAENITas NN (Selective agar media) ﬁ'}ﬁ@iﬂﬂlﬁ@ Compact dry uaz38n1531A12iAINNIRTIIU AOAC
(Association of Official Analyhcal Communities) laen199LATILH Sa/mone//a spp poatigay nﬂum’mmw'a
Enrichment 11 Peptone water figrungil 35-37 °C AeuaziuNZ UL AEFas LNz Lmvmiﬂuummmu
35-37 °C 1fluszazioan 24-48 dalaa tieudnuauuyafiBeuazs e una iy CFU/g (Colony forming unit) 1A
ANTLNNIAATIZTRAWTEE lWa Ui i1 3 AFasie 1 YRS
3.5.3 N9 UAN SN NI AMBNRAYAID NN TUTLET 1

11'1ﬁq@ﬂ'wmﬁmﬁmsn"aﬁmaﬁfmﬁ”\ﬂﬁﬁqmmﬁﬁm unmmagaulagnisdunanisdemdaandneusaes
waRAA gy naAnden nissusalufien uaznaumiy Tneinnnsmsaaaauuaziiuinuanisdanasaatngyn
4 dalug

NANISINE
1. AR pBIANsEN

amimladidnsnaesenms 1Hun AnilaBiinsnduing (e) ) uazAnaaaunuaus tand- = augnimg

&r

Aulaauutlasly nadaefiladignszndusing (&) ﬁfaﬂ"]‘ﬁlLL@m\‘iﬁﬁﬂ']ﬁum’m’]imlm'ﬁ'@QiuﬂﬁiLﬁUWﬁ'QQﬁuiWWﬁ
AraaaLNNAasANNNS (). ) AnA U0 LN TR e N AN LI T N A9 1AN5 01 LA AN A AL
(Loss tangent) Aednunizaasnsgryidandsurasanniuianneenanlugassuiignglilann 90° ErAwanias
qeiu Angiagseuldin anmsmsaadnanieies Network Analyzer Wnauanslumnmed 2

F15N9 2 ANRALUDIANIANLIR IaBLAnsINYasnetie MU IfunTaNFULsTnu

FIRNENNATNUNT 8; —'jg; tand=- -~

g}"
HNEUNIeLATed 74.47 - 14.45 0.19
Tals{u 54.06 — j26.99 0.50

2. ALANITANINAIINTEY

ANNBUUUATEIALTZNALNANFN 7] 28981117 flFarnasinensuazdufuainnasinguinie nruawnil
i 17 Talsfin last An5iurlawnsm uaziin asnsntanAuaniiengnandinsanabeulaeszanads ansa
3 uansnaNAngansanlneszunnaesaat e InTan ULz uudiu 1w Sdaunsaieies wazlasu

11579991 3 ALANLIANI9ANKTBUTIAUIUAINBIALIZNALANN ] Tave snianFulsnuugifu

Components Density at ENdauns AT Talsju
20°C Mass Mass Volume Mass Mass Volume
[kg/m°T* (o] Fraction, X | Fraction, V' [g] Fraction, X | Fraction, V'
Water, w 1000 83.2 0.59 0.67 127 0.85 0.87
Protein, p 1320 15.7 0.12 0.10 9 0.06 0.05
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Components Density at Endauns AT Talsju
20°C Mass Mass Volume Mass Mass Volume
[kg/m°T* (o] Fraction, X | Fraction, V' [g] Fraction, X | Fraction, V'

Fat, f 920 71 0.05 0.06 5 0.03 0.04
Carbohydrate, ¢ 1600 34 0.24 0.17 9 0.06 0.04
Ash, a 2420 - - - - - -
Total 140 1.00 1.00 150 1.00 1.00
Thermal Properties

=4.180X,, + 1.711X, + 1.928X, + 1.547X,. + 0.908X, 3.149 3.799

[kJ/kgK]

k=27 I [W/mK 2.642 2.063
a:0.146X106Xw+0.O75X10’6X;,+0.100><10’6)§f 1.202 X 107 | 1.36 X 10”7
+0.082x10°X, [m¥s]

UNELWE. *Food Process Engineering An introduction Imel Alan Friis, Jorgen Risum
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