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Swittra Bai-ngew 2011: Process Development of Durian Chip by Using Microwave Vacuum
Drying. Master of Science (Agro-Industrial Product Development), Major Field: Agro-Industrial
Product Development, Department of Product Development. Thesis Advisor: Assistant Professor

Nantawan Thredthai, Ph.D. 115 pages.

Fried durian chips are one of the most popular durian products. However, fried durian chips may not
be accepted by some consumers that concern their health. Drying is one of the alternative methods to produce
oil-free snack products. This research was aimed to develop durian chip by using microwave vacuum drying.
Effect of pretreatment prior to drying (chilling at 4°C , freezing at -18°C and freezing - thawing) and levels of
microwave power intensity (3.88 W~g'l, 5.49 W~g'l and 7.23 W-g'l) during drying under pressure controlled at
13.33 kPa on drying rate and quality of durian chips was investigated. Freezing prior to drying caused a
lower dielectric constant and loss factor than other pretreatment methods. The drying kinetics under various
drying conditions were simulated using thin layer models. The Page model was found to be the best for
explaining the drying characteristics of durian chips. The effective moisture diffusivity of durian chips was in
the range of 0.7162x 107-1.9948x10" m’s”". An increase in the microwave power intensity increased the
drying kinetic rate constants. In addition, pretreatment prior to the drying and the microwave power intensity
significantly affected color change (p<0.05). Scanning electron microscopy indicated that freezing and
freezing-thawing prior to drying caused expansion of the durian pore and thereby reduced hardness of the
dried durian chips. In addition, the microwave vacuum dried durian chip had 2.18 —3.01 % fat content that
was much less than the fried durian chip (36.54%). From sensory evaluation, freezing and freezing-thawing
prior to drying at 7.23 W.g_1 for 7 min produced the durian chip with the highest liking scores on appearance,
durian odor, crispness, durian flavor, taste and overall liking. From consumer acceptance test, freezing prior to
drying at 7.23 W.g—l for 7 min produced durian chip with the highest liking score (p=<0.05). In addition,
providing good information about the product could significantly increase acceptability of consumer
(p=0.05). During storage in aluminiumfoil bags for 56 days, moisture content, water activity and
thiobabituric acid were increased. Storage temperature (25, 35 and 45 °C) had significant impact (p<0.05) on

quality changing rate. Effect of the temperature could be described by Arrhenius equation.

Student’s signature Thesis Advisor’s signature
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&’ £”
vhud (-12 D9A T ALTE) 3.2 0.0029
vh (1.5 DA B ALTH) 80.5 25.0
i (25 DI UTATHH) 78 12.48
i (75 DA UTALTH) 60.5 39.93
0.1 Tua1s NaCl (25 eamiyaiFeon) 75.5 18.1
Jsfunaziiig (gargilnd) 2.5 0.15
oA (-15 DA T AT 5.0 0.75
%A (25 DI NBALTH) 40 12
o0 (23 sarusaIFe) 28 5.6
STuAa (15 esrnimaien) 45 0.9
fTur$a (23 esrwaiFon) 38 11.4
ANVY (23 DR UFALTEH) 13 6.5
ANUN (-15 DI UBAHOE) 34 27.2

#31: Yam and Lai (2004)
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5.3.3 Loss tangent (tan §)

f1 Loss tangent ADOATIAIUTLHINA Loss factor (e7) uag Dielectric
(% { % < [ (% 1<
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Modniimiguaaiieriseznanuieu ldavu (Gabriel e al, 1998) TuvmzNdeddl

k4
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R I 9 A A 42' I 421 To o w A = 1 9y 3
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5.4 Penetration depth (Dp)
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anuaniaaunzanzanved lulnsnd Aeszezmeiaau lulasnvunsnriu
L a B 2 ) Ay £ a s
nniuAemadn 1l lusuemssunasnuasaudososaz 36.8  Fuiluwisiiaes
draiansnesuiemsnaanuionld tazdiduiuisumnszaneanuiouves
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p, =it )

f1© Penetration depth (mmﬁ AY)
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WNAZIEsA A, 1A 12.2 Isudiuns

& ﬁi’) dielectric constant

g ﬁ’ﬂ loss factor
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{ o y o o d R
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a ~ 1 Y A Y A o a =
ﬂﬁNﬁﬁ]‘ﬂﬁEJ'L!L!,NL!E]‘]Jl,mﬂmﬂﬂi%iqlifJ"LJ‘W‘IJT;l‘ViiJ@uVI’ENﬂ']J mﬂmm"lﬂﬂaums
[ dy Y L= 1 [] = L= 1 ]
ATIVADUAUNIWAIU AUNIWNNNIYNN Ulﬂll,ﬂ e L* agiuﬂm 83 DN 87 ANH a* E]QGI,‘H"B’N

= = (] (] = a 2 A 9 :/l [} [} =
-2.5 9 -1 wagmd b* agluaaa 15 89 22 Usmnmvesdsnazarw lanamuaeglusi 10 83 12
a 4 an Y 1 a = (] (] 9 = a dy 1
DFIUINY ﬂmﬂ'lW!,ﬂiJhlmm ﬂimmuﬂmmagiumqmﬂaz 50 93 55 Lmzﬂimmmmmuag

Y
(] 9 o @
Tuae¥eeas 72 81 75 (Tasimindlen)

= % a ' UA a g a =~ \ 4
2. wa611mmimsﬂu3mqmJm)qmi,mum"lﬂamnmnm)mﬁﬂunaumsamma

v ¥ Y 4 ' \ . a
TumsIdanudoudlonau lulasnyl a1 Dielectric constant 92 @ N1TDDT LD
U 4 4 Y { 1
AMNENT0v8901Ms lumsaaguaau luTasnwiionse s Bluau Wi Tuvazfis
. . a = o = v Y Yq Y s Y
Dielectric loss factor @1X15005 UM at)asunasnuigadulalinaeilunnuion(Sosa-
{ 1 [~ ] Y
Morales, 2010) 91AHANMINAADY1UAITINN 5 NUNMTATEUNEsULLVUSUTIAIHA 1H AR
[ 4 a g’ < g
Dielectric constant 1821 Dielectric loss factor aAad 1H8191AA Inssadawantiuuavulu
@ [l o 9 3 = Qa: = Y 1 :} 9
aegihlianuaunsalumsmyuinvesaslsenevlivads laumirluemsmyu 14
1 = o I~ Y]
Yesad damalimsnasundsnululasnn l)ilundanuanudeuanad (Yam and Lai,
2004) d1M51A1 Dielectric loss factor W1 A1 Dielectric loss factor (NN 7.83 ﬁm%unﬁau

<3| A ~ ~ x A A ) Y o 1
33 uJu 8.83 LN@L@‘EEJSJV]SEJHI@EJﬂWiLl“]ﬂ,EJ‘L! FHNINNYUNHUA mﬂ%wawmummﬂumi

U

=<

Y v
o o S . 1A ' @
gaeiuszeni linareilu'le (Sahin and Sumnu, 2006) Faa1 1aRuw T HREINY
91M15¥UADU U NTLNBY ( Sharma and Prasad, 2002), UYauwaneu (Wang et al., 2008) Lag

JuUASIUA (Seyhun et al., 2009)

A A Y @ o Y v A o
wenau luTasninzgnzarud i ludagazdldndsnuasas iiesngneadu
o £ A 1 A
1NiAg Fmmanzgnzanvesnau lulnsnvzuaasanduszezmed luTasninzgnzais
9 v
nnAnthe s I ludremsudmdenuanasiosas 36.8 AUIUAININZNZAN

ueraaiagiimsgadunanlulasvl'laa (Yam and Lai, 2004) 9101150009001 1505
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s o Y P { A =~ ~ o a = ~
LLGUQﬂ11ﬁﬂ1ﬂ151ﬂ$f}ﬂ$a'}ﬂlwnmu (p=0.05) L?JﬂlﬂiﬂllW]ﬂUﬂUﬂ15m§81|1l1]1]!L%Lﬂuuaznlﬁﬂu
A = A 1 =< g’ <3 ~ = o o Y Y 1
NATUNTLATEN !u@\iﬂ']ﬂ'l']Waﬂu’lllﬂlﬂiun!ﬁﬂuuﬂﬂnslﬁ’lﬁJ1§ﬂcl‘l‘!ﬂ']ﬁﬂﬂ“ﬁﬂwa\i\ﬂullﬂuﬂﬂﬂ?]
oy {1 13 1 3 & Y [
u’]ﬁlunlgfluﬁw']uﬂ'ﬁll"]ﬂﬂu LA UFHUI-a2a18 “?\W\lﬂﬂqiﬂﬂaﬂﬂﬁﬁﬂﬂﬂéjﬂﬁﬂﬂﬁqﬂﬂ'lusllﬂﬂYam

o o 1 1 1 1 g 1 1 [~
and Lai (2004) @411 3UA1 Loss tangent W1 fnﬁllslﬂﬂuLla$ﬂ1ﬁLLGD'LLSUQﬁﬂ']ll']ﬂﬂ'ﬂﬂ'lﬁll“lﬂﬂlﬂ-

a J

@ 3 [ 1 3 1 @ 1%
aza1y (p=<0.05) ﬂ\T‘L!‘LlﬂﬁlLﬂ)’LEJULLﬂ%ﬂ'IiLL"BLLEU\‘]’CNWﬁiﬁ?ﬁﬂﬂﬂﬂ@ﬂﬂWﬁ@UlLﬁ)ﬂﬂi%iﬂﬂ‘Wﬂ\i\ﬂu

Q
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MIN S ﬂ’lﬁllllﬂllﬂf]laﬂT]iﬂGU@QnﬁﬂumNTHﬂ’]iL@iﬂiJLL@agg‘ﬁ

MN5IAT I Dielectric Dielectric loss factor ~ Loss tangent Penetration
WG]Q?] U constant depth (cm)
AIVAY 23.96'+0.24 7.83°+0.04 0.33'+0.00 1.21°40.01
LA a- 30.22£0.73 7.62°+0.18 0.25°+0.00 1.40°£0.01
azay
B 26.49°+0.54 8.83"+0.05 0.33°£0.01 1.13°40.01
LA 11.53°£0.40 3.62°40.18 0.33'+0.02 1.82°+0.06
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wnemg A10nu3 " Aandulunnas vunedsdmeasslunuaslinnuuanaesiuediad

v

WAy Nada (p<0.05)
=3 =) % a oW ' v Y
3. Anmmamlsningausaziadlulnsndednsimsounia

o ~ A = [ as o Yy 9 d' 9 !
WmiBouiriumsassutaaz U 1MIMsouuieAon oo UL lu Tnsns
~ (% (% a o Y 9 1 9
gaaMANszauauaY 13.33 A lathaaa Taeiinseuuis 3 @iz 1dun msoudae
o w v ] v % v ] 1 d'
Maalulasn 7.23 Sadnensy, 5.49 Saaaeniy uaz 3.88 Yaanaensy wunmnlasuuilas
a dy ~ Yy 9 [ Y] ~ [

YsmuanuiuvesnGeuvazouuiedie luIasniswayannsaasaanini 3 Taeyag
A 9 9 g ' < "y ' 9 9
FUAUVDINTOULHIANNFUAAAIDEINTIAS I LALAAAIDTNTT ) THFINNYUBINITOULN
NNMIANYIOATINTOUUTINDI MTIATEUAIDIUAAZIT LUTINaADAITATINITOULHA

9191{891191AA1 Loss tangent NVandIn1snszendany liihanaaululasn i



39

[ Fl = [~ [~ ~ ~ (BN} =l o [ A 1
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1 @ 1 [~ 1 o' 1 <3 [ us/‘
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A a A o 1 dy 1 Y Y o (4

WeesuiemsasunlasdadiuueinnurusznIemseuuis laglduuuiiaos a9
e 1UA15190 6 — 9 WU LUV Page’s model UaNuvmzanlumsosuiens

d‘ [ 1 a Ay 1 d' Y 1
asunlasdadiuvesdsnuanusuaemsilasuutasvesnar lumseuniannni
HUUSIA0IY 9 1HBI9INNAT RMSE @1 0811579 0.0192 §30.0349 A1y A19g11%529 0.0005
= Y oo A o @ @ 4 . . 1 1 =
040.0015 wazlvadulszansanuaunus (correlation coefficient, r) qaag“lwmq 0.9948 03
0.9984 @OAAADINUMIANEIUBY Aghbashlo ef al. (2009) ANV IFUVUI1A04 Page
model fitlsz@nsnmlumsinneganiimslduuuiiaes Lewis model udernumsiie
Y 4 '
dadiuveslsuunnusuveeiitla (Sacilik and Elicin, 2006) 1agd 1387 (Doymaz, 2005)
d' 1 o =1 a A = a A o 1 9)
ANUIWVVII1A9 Page model HilszanimmBilszansmmnlumssinneganimsly
LUV1804 Lewis model  11a2tU1319949 Handerson and Pabis model Lﬁﬂﬁ%Nﬂﬁ‘V‘l
AN Tzn A INefUAIAa AN UTEHINA19T IR UATIIME fauaasluning 4
WUIUUS1809 Page model 118 Logarithmic model At 1nd 0 uniiga uaziidanuag
Y [l v )

Unsystematic tiunaneanuiinnuaaiamnaoutiosigatazanunaianasuma lanizae
W'l Tddumgdumialadumuanils uaiiiea91n Page model iinnududouaziisiuiu

Wﬁ']flmﬂgﬂJGQLLUUﬂOTﬁ@Qﬁﬂﬂﬂ’J‘W %Qﬁﬂ’)ﬁlmiﬂzﬁil‘ll”lﬂﬂ’h“ﬁﬂgﬁTMWG%U"IEJﬁﬂngﬂ']S
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faalulasnd uuusiaes

Gad/nsu) RERITI Gk RMSE r Y
3.88 Lewis k=0.4032 0.0721  0.9884 0.0057
Page k=0.2214,n=1.2733 0.0192  0.9983 0.0005
Henderson & Pabis k=0.4587, a= 1.4856 0.1551 09793 0.0294
Mod. Henderson & k=0.1539, a=4.3774, b=-4.4251, c= 1.0649,
Pabis g=0.0979, h=0.0376 0.0198 0.9981 0.0009
Logarithmic k=0.2923, a=1.0723, c=-0.0434 0.0239 0.9972  0.0008
Two-Term model k=0.2117,a=5.0569, c=-4.0319, g= 0.1909 0.0219 0.9977 0.0008
Wang & Singh a=-0.2114, b= 0.0107 0.0449 0.9917 0.0025
5.49 Lewis k=0.5779 0.0720  0.9841 0.0058
Page k=0.3213, n= 1.3401 0.0294 0.9966 0.0011
Henderson & Pabis k= 0.6086, a=1.2017 0.0753 09812 0.0071
Mod. Henderson & k=0.2282, a= 5.3790, b=-6.3817, c= 2.0454,
Pabis g=0. 1516, h= 0.0869 0.0410 0.9926 0.0042
Logarithmic k= 0.4574, a= 1.0866, c=-0.0344 0.0484 0.9897 0.0033
Two-Term model k=0.3194, a= 6.5771, c=-5.5278,g=0.2947  0.0448 0.9912 0.0034
Wang & Singh a=-0.2817, b=0.0181 0.0804 0.9741 0.0081
7.23 Lewis k =0.8966 0.1564  0.934 0.0278
Page k=0.2672, n=1.7966 0.0228 0.9983 0.0007
Henderson & Pabis ~ k=1.0412, a= 1.8711 0.3167 09122 0.1337
Mod. Henderson & k=0.0837, a= 8.5593, b=-14.2696, c= 6.7563,
Pabis £=-0.0045, h=-0.0558 0.0565 0.9884 0.0128
Logarithmic k=0.4395, a=1.1694, c=-0.1087 0.0742 0.9798 0.0088
Two-Term model k=0.2957,a= 6.7611, c=-5.6993, g= 0.2633 0.0706  0.9819 0.0099
Wang & Singh a=-0.3690, b= 0.0328 0.0591 0.9883 0.0046
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M5 7 Avniiwes uavlszaninmvesnuuitassveniSoueunianmunTEUIUMS

w3 ou Tasm iy

MasluTasnd  nuviiaes

Gad/nsu) W33 RMSE  r Y

3.88 Lewis k=0.3533 0.0906 0.9829 0.0090
Page k=0.1508, n=1.3992 0.0324 0.9955 0.0013
Henderson & Pabis  k =0.4587, a=1.4856 0.1635 0.9592 0.0327
Mod. Henderson & k=0.1137, a=4.7221, b=-3.8664, c=0.1692,
Pabis g=0.0767, h=-0.0562 0.0280 0.9964 0.0017
Logarithmic k=0.2342,a=1.1178, c=-0.0791 0.0314 0.9955 0.0014
Two-Term model k=0.1654, a=4.8133, c=-3.7782,g=0.1439  0.0299 0.9959 0.0014
Wang & Singh a=-0.1898, b= 0.0089 0.0345 0.9946 0.0015

5.49 Lewis k=0.5614 0.0980 0.9747 0.0107
Page k=0.2972, n= 1.2864 0.0349 0.9948 0.0015
Henderson & Pabis k =0.6693, a=1.9056 0.3035 0.9564 0.1151
Mod. Henderson & k= 0.1527, a= 5.6234, b=-5.2312, ¢c= 0.6013,
Pabis g=0.1041, h=-0.0031 0.0227 0.9976 0.0013
Logarithmic k=0.3412, a=1.0647, c=-0.0556 0.0292  0.9959 0.0012
Two-Term model k=0.2373, a=5.9349, c=-4.9301, g= 0.2154  0.0266 0.9966 0.0012
Wang & Singh a=-0.2520, b=0.0151 0.0447 0.9929 0.0025

7.23 Lewis k=0.8311 0.0973 0.9736 0.0108
Page k=0.4143, n=1.4339 0.0248 0.9975 0.0008
Henderson & Pabis  k=0.9468, a=1.6510 0.2346  0.9607 0.0734
Mod. Henderson & k= 0.2090, a= 6.3460, b=-5.5257, c= 0.1864,
Pabis g=0.1542, h=-0.1146 0.0205 0.9982 0.0017
Logarithmic k=0.4891, a= 1.0829, c=-0.0649 0.0296 0.9962 0.0014
Two-Term model k=0.3384, a= 6.4455, c=-5.4297,g=0.3081  0.0267 0.9969 0.0014
Wang & Singh a=-0.3743, b= 0.0339 0.0333  0.9957 0.0015
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M9 8 Aniwes uazlszaninmuesnuuitassveniSoueunienmunTEUIUMS

w3 ou Tasmsuui

MasluTasnd  nuviiaes

Gad/nsu) W335 RMSE r Y

3.88 Lewis k=0.344 0.0532  0.9914 0.0031
Page k=0.2619,n=1.1054 0.0289  0.9959 0.0010
Henderson & Pabis k= 0.3784, a=1.2773 0.0994 0.9834 0.0121
Mod. Henderson & k= 0.1973, a=1.8131, b=-0.8263, c=0.0001,
Pabis 2=0.1261, h=-0.4403 0.0211  0.9977 0.0010
Logarithmic k=0.2573,a=1.043, c=-0.0495 0.0218  0.9975 0.0007
Two-Term model k=0.2038, a=2.0081, c=-1.0184, g= 0.1473  0.0214 0.9976 0.0007
Wang & Singh a=-0.2001, b= 0.0098 0.0449 0.9929 0.0025

5.49 Lewis k=0.572 0.1245 0.9593 0.0172
Page k=0.2174, n= 1.5261 0.0259  0.9974 0.0008
Henderson & Pabis k=0.6363, a=1.4684 0.1638 0.9466 0.0335
Mod. Henderson & k= 0.1044, a= 7.3556, b=-8.9763, c=2.6610,
Pabis g=0.0471, h=-0.0121 0.0415 0.9930 0.0043
Logarithmic k=0.3391, a=1.1429, c=-0.0826 0.0581 0.9863 0.0048
Two-Term model k=0.2236, a=9.0374, c=-7.9792, g= 0.2069  0.0534  0.9835 0.0047
Wang & Singh a=-0.2577,b=0.0156 0.0478  0.9908 0.0029

7.23 Lewis k=0.9244 0.1541 0.9369 0.0271
Page k=0.2699, n=1.7847 0.0209 0.9984 0.0005
Henderson & Pabis k= 1.1102, a= 2.2376 0.4401  0.9099 0.2582
Mod. Henderson & k= 0.1243, a= 6.0042, b=-7.0928, c=2.1313,
Pabis g=0.0261, h=-0.0673 0.0519  0.9899 0.0108
Logarithmic k=0.4481, a= 1.1531, c=-0.0975 0.0661 0.9836 0.0069
Two-Term model k=0.3019, a=7.2396, c=-6.1838, g= 0.2727 0.0627 0.9852 0.0079
Wang & Singh a=-0.3675, b=0.0327 0.0543  0.9895 0.0039
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4 ' a J a A o {1
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MasluTasnd  nuviiaes

Gad/nsu) RERITI Gk RMSE Y

3.88 Lewis k=10.360 0.0853  0.9834 0.0079
Page k=0.1772,n=1.3305 0.0217 0.9979 0.0005
Henderson & Pabis a=1.4394k=0.4111 0.1413 09733 0.0244
Mod. Henderson &  a=20.1869, k= 0.0942, b=-19.5057, g=0.0844,
Pabis ¢=0.3439, h=-0.0406 0.0302  0.9959 0.0020
Logarithmic a=1.1139.k= 0.2509,c= -0.0704 0.0364  0.994 0.0018
Two-Term model a=5.5436, k= 0.1762,c= -4.5034,g= 0.1571 0.0341 0.9947 0.0018
Wang & Singh a=-0.1976, b= 0.0095 0.0378 0.9935 0.0018

5.49 Lewis k=0.5125 0.0671 0.9881 0.0050
Page k=0.3036,n=1.2692 0.0189 0.9984 0.0004
Henderson & Pabis a=1.4085k = 0.5699 0.1330 09811 0.0221
Mod. Henderson &  a=7.3471, k= 0.1858, b=-8.9848, g=0.1363,
Pabis ¢=2.6548, h=0.0834 0.0245 0.9972 0.0015
Logarithmic a=1.0657,k=0.37991,c=-0.0381 0.0291 0.9921 0.0012
Two-Term model a=9.0203, k= 0.2687,c= -7.9965,g= 0.2547 0.0267 0.9967 0.0012
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Two-Term model a=7.2085,k=0.3117,c=-6.2150,g= 0.2875 0.0218 0.9978 0.0010
Wang & Singh a=-0.3571,b=0.0313 0.0361 0.9955 0.0017
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Lewis model U) Page model ) Henderson and Pabis 1) Mod. Henderson and Pabis 9)

Logarithmic ) Two-term model %) Wang and Singh (1@ willuﬁ’ Ayal OMV7.23

OMV5.49 tag AMYV 3.88)
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TuTasnwiTdanudeumivauediesings auinanuaunelundasunsunuyvudawali
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yad A a ~ o A = ' = 2
THav Wen/SeumeununINAaININMIANYINIABULVEN Jamradloedluk et al. (2007) &4
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M319N 10 AFUlszaNIMIUNIVeInNUFULTLaNIHA D, nazilszansninued
LUVD1804 Fick’s model
mawsey  Mdelulasnd D, (m*s") RMSE r X
MV3.88 0.8510x 10_7 0.1230 0.9220 0.0167
MV5.49 1.2360x% 10_7 0.1198 0.9867 0.0159
AIUAU MV7.23 1.9314x 10_7 0.1904 0.9412 0.0414
MV3.88 0.7373x% 10_7 0.1415 0.9879 0.0220
MV5.49 1.1984x 10" 0.1376 0.9800 0.0210
HBIDU MV7.23 1.7822x 10" 0.1372 0.9786 0.0215
MV3.88 0.7161x 10" 0.1037 0.9947 0.0188
MV5.49 1.2225% 10" 0.1650 0.9657 0.0302
LB MV7.23 1.9948x 10 0.1879 0.9439 0.0403
MV3.88 0.7526% 10 0.1368 0.9881 0.0206
LS9 MV5.49 1.0870% 10" 0.1163 0.9915 0.0150
azane MV7.23 1.5665% 10 0.1235 0.9851 0.0174
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$ovay 15 ﬁﬁymé'”mﬂuﬁaﬁmzmﬂ) adlurasanaassinedroesduaziishila Taowdann
Aumsazaoudaza e IHid s uTaold Vortex mixer i ouiuasd Inoldasazaiold
msazawzﬁmﬁuﬁ’aaéwLwisl,%'ﬁymé’;’mmuﬁyﬁﬁﬁﬂ'lﬁ'mﬂnGﬂu Dt HaoATanAI
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