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Abstract

The purpose of this research was to study the effect of drying conditions on drying kinetics and physical
qualities of vacuum-dried Bao Mango. Drying experiments were carried out at the different drying temperatures
(60°C, 70°C, and 80°C at 30 mmHg) by using different shapes of fruit with vacuum drying (VD) (front of near skin
(part 1,3), middle (part 2,4) and side of near skin (part 5,6)) compared with conventional convective drying method
(CD). The experimental results showed that the VD method at high temperature for all three shapes of fruits showed
the fastest drying time, the higher values of the effective moisture diffusivity, lower shrinkage, higher yellowness,
lower hardness and higher number of pores, when compared with CD method at low-temperature drying.
Consequently, the VD at drying air temperature of 80°C was suggested as the best drying condition. At this
conditions, the drying time of part 2,4 5,6 and 1,3 were 300, 300 and 240 min, respectively. The suitable thin layer
model for VD of mango slide with different part of 2,4 5,6 and 1,3 at 60°C were diffusion approach, Page and
diffusion approach and at 70°C were diffusion approach, diffusion approach and Page, respectively. And the Page
of the model showed an excellent fit with the experiment of all shapes of vacuum-dried mango for the drying

temperature of 80°C.
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a

80°C MNNAIAL (2Y), (1)) AT (1) TeINzHNELLHAY 491 2 WAz 4 35 CD g RaLuii 60 70 uaz 80°C

al

FANATAL (), () waz (W) 189NzHa9aLILIN 49U 5 uaz 6 35 VD Nignimnieuuiia 60 70 uaz 80°C

q al

AINRIAU LATNIWAATIIN (1), (A) LAY () T99NZH9RUUIN €91 5 uaz 6 35 CD Niguugeuuits 60 70

LAz 80°C ANHNANAL
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%Thickness

%Width

%Diameter

Maximum

Number of

Shape Drying Temp Drying %Length * * *
Method (°C) Time Shrinkage Shrinkage Shrinkage Shrinkage force (N) peaks AL Aa Ab
(min) * * *
L 0 a 0 b 0
Part VD 60 450 72.65+3.48"™ 31.76+2.03¢ 20.94+3.47° 3.00£1.73™  0.08+0.03¢ -0.06+0.02¢ 0.72+0.09*
2,4 70 420 70.57+2.37™ 27.62+5.47% 14.27+4.98% 2.33+1.15™  0.008+0.003 -0.25+0.19% 0.83+0.07¢
80 300 72.40+9.35™ 23.26+2.33¢ 10.82+2.19* 2.33£1.15™  -0.02+0.02° -0.43+0.23¢ 1.04+0.39®
CD 60 480 78.17+4.07™ 16.54+1.19° 21.57+5.77° 1.33+0.58™  0.08+0.03° -1.24+0.24° 0.88+0.44*
70 420 78.66+4.92" 11.44+0.28% 13.59+5.90% 2.00+0.00™  -0.03+0.02° -1.46+0.04% 1.40+0.15%
80 360 71.1148.15"™ 10.32+0.80* 12.32+1.24% 1.33+0.58™  -0.13+0.11° -1.71+0.28° 1.74+0.05°
Part VD 60 480 88.91+0.92° 50.42+1.01° 26.7+0.64° 33.4645.77° 467+0.58"  -0.12+0.03* -0.33+0.10° 0.94+0.04*
5,6 70 360 81.87+2.31° 40.5+1.48° 22.00+2.69% 27.29+1.01> 1.67+0.58%  -0.12+0.11% -0.49+0.21° 0.96+0.21*
80 240 77.25+6.15° 28.95+1.04% 20.65+1.52* 11.56+0.89* 1.33+0.58*  -0.10£0.07%¢ -0.54+0.14° 1.02+0.23%
CD 60 480 66.89+0.61* 45.41+1.29¢ 26.95+1.10° 27.91+9.71% 1.33+0.58*  -0.02+0.03% -0.52+0.26° 0.75+0.17%
70 360 66.91+0.62% 41.15+2.41° 26.90+1.30° 23.74%1.30° 1.33+0.58*  -0.0004+0.0291°  -0.58+0.26° 0.64+0.36"
80 240 66.65+2.55% 32.97+3.15° 23.66+2.93 19.40+1.85%® 2.00£0.00*  -0.17+0.03% -2.45+1.22° 1.74+0.45°
Part VD 60 480 85.16+0.71" 27.49+3.97¢ 17.36+4.32° 1.67+0.58°  0.12+0.06° -0.04+0.10° 0.25+0.14%
1,3 70 420 85.58+2.41" 20.63+2.66° 23.82+0.96° 3.00+1.00°  0.10+0.02" -0.18+0.03° 0.49+0.11%®
80 300 84.24+1.19™ 16.63+1.92%® 7.20+£1.05* 2.67+0.58*  0.06+0.01™ -0.68+0.29° 1.16+0.20¢
CD 60 480 84.29+1.22" 15.61+4.72% 32.14+2.84¢ 1.00£0.00*  0.03+0.03® -0.74+0.12° 0.40+0.18®
70 450 84.89+1.34"™ 16.1442.44% 23.43+2.80° 1.67+0.58®  0.07+0.09* -0.67+0.69° 0.70£0.46
80 330 83.48+3.08"™ 13.43+0.53* 11.08+2.35% 2.33+0.58™  -0.045+0.003 -1.76+0.48° 1.06+0.06%
1 dl v I :/I = o ' v = 1 o ] a o o o a t:ll 1 zd‘
IR a-d LAANANRRLUBNUDYA @gluumummmeﬂu‘ummeqmmﬂ@ummLmeaﬂu@m\muﬂmmymazm N (PS0.05) LAY NS LAAIALAAE LR
¥ zd‘ 1 n’/’ a o 1 ¥ =] 1 o 1 a o o aa
‘ll‘ﬂﬂ;llﬁl%ﬂgﬂul,mflLLu“JmLmF;IQﬂu?J‘ﬂ\‘iLLM@ZQ@%@H@iMNﬂQWNLLmﬂEﬂ%‘mu@ﬂNNuﬂ@’)ﬂﬂ&l'ﬂ’]\‘l'&mm (PZ0.05)
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AnsUsadNdd LA AN (hardness) WAZAINNSAL (crispness) URINENIAUUIIF Y YINA

' '
o

peaks) 1AINEHIILIBUUIN WUINEaaULNgmR4s (80°C) HAanxnudetiandinisauutisigouunien (60

al

ANNAIINN 1 LEAIHATBIRNIIZNTDULINARBAIINLTY (Maximum force) WazAINATaL (Number of
=

waz 70°C) TvaanARedniuNasulse199 Junlakan et al. (2017) Tnauzaasauuiiads vD 71 80°C AAnnuudenniignlu

1
al

NNFUINTBINTNN UazAINAITNNLdINEEaseL eI 5,6 HAnnulegandidouan Ngauuniineniu iedann

q a

ANWUENINNIENNANBINI AU ANRUET LN s A e gadelaAn vz udandsanniaun 19a e aan

AN 8N UL IR AR BANAIINNIDLIBINFALMIN N ENMEY 2,4 TuanusNRNaAan 198 ULTaN 9491

'
ad ' o

1,3 uaz 5,6 Tnanziasauudivdan 1,3 Ngoumniian (60°C waz 70°C) 113 2 38 HAMANNIOLATWAZANANUTIEILND

'
=

= o o a o v @ ' v Ao o = ' ' o
WEUNUNITALUVNN NN (80°C) LL@@QGLMLWLLQ’WNZNQ\?@‘ULLMQV]@EMMQN[5]’1&1ﬁ"J’]ﬁJLMHF;I"JN’]ﬂﬂ"J’]NiN"J\‘i’ﬂULm\W]

grUNA44 (Saengthongpinit et al., 2007) LATAINAITNNWLIINEMNALLINEIY 5,6 35 VD Nignumaian (60°C) AN

AYNHNIBLUAZAYINUINGINGINT9RLINTE CD Ngaunige TILanIDNAN BTN LA

al

f
dld = v
NHATTHINULIUDELAS

ANNKENNIN
ANRUDINA NN UNNEHIIDLLI
AMNUATEIY U HAEN1 7L AU AIRLINTHILITENINNNTOUUINAINATI9N 1 WLFINENBLULA

v

¥2433 CD figounniige (80°C) naitlasuuilasArpanadne (L) uazaraamfluduns () Weflauiunaliian
fiaanduaznsanuulasipnuiudivies (07) defufunalfiangandinisanudiai VD figugiis (60°C)
Lﬁmmnmizﬁ“utmfafaﬂ%mulummmﬂui:ﬂmmmuﬁﬂﬁlﬁmﬂﬁﬁ?mmilﬁmﬁﬁa’wm@ﬁw’qé’quau"lfﬁﬁ gana i
nalidarinunsauuiieingaa CD fdnauaznisauuiiiigungiigeazdanaliien L (Anuadne) waz a* (Aanaung)
VDINEHMLLNBLLINAARILAT D* (AININASY) Lﬁ'uqﬁa Lﬁmmﬂﬂﬁﬁ?mmmﬁm%ﬁﬂmmwdwmi@uuﬁaﬁfqmmﬁ
a9 Inenzdngauudiedn 1,32,4 uay 5,6 danasianaianuulasparnugdnauasiananiudunafieufneldian
antiasas lunsiinisaauulasiannanddwdesiouiunalianfingeiy audns
WULRIABINITALUINABINENINLN ALY INIA

LULSAesTiRTige RantouiannuuLdtaesniaanufisiliien R qege A1 4 waz RMSE finge aanvnaes
W1 fimefreuULAaeIN1sa UL LAAIFIN19T 2 UL 3 aannnImasesnLLLSaasliAn R 1anndn 0.9 1
7 2 dla8nan 0.05 wazA1 RMSE $iaen31 0.06 LaaliifiuI UL a0 lE A nnaanslm N e Ae s e an UL
(Phothi & Prakancharoen, 2011) a1nA19 kLS aes Tz aslunainngaaunamaasnisauuiegyyIna
msimumﬁ@qmuqﬁ 60°C 1093z 129d9uR 2,4 56 uay 1,3 Aa@NN3 Diffusion approach Page WLag Diffusion
approach TaaiAn R* A1 7% uaz RMSE 5@ 0.99939, 0.00017, 0.01263 (Diffusion approach), 0.99930, 0.00021,
0.01414 (Page) as 0.99956, 0.00012, 0.01050 (Diffusion approach) ANNATAL ‘ﬁqmuqﬁ 70°C @@ Diffusion
approach, Diffusion approach kas Page A1 0.99727, 0.00074, 0.02609 (Diffusion approach), 0.99917, 0.00023,
0.01448 (Diffusion approach) Wa¥ 0.99732, 0.00066, 0.02472 (Page) ANNANAL LAY ms@uuﬁﬁ@qmmqﬁ 80°C A®
ANN"7 Page ‘1/13@ 3 @ouUBINTHI9 A 0.99790, 0.00053, 0.02189 (u:mqmu‘ﬁ' 2,4), 0.99850, 0.00038, 0.01843
(23i998917 5,6) ua 0.99832, 0.00041, 0.01931 (Nl 1,3) AMAGL
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Vacuum drying

Models Coeff Part 2,4 Part 5,6 Part 1,3
60°C 70°C 80°C 60°C 70°C 80°C 60°C 70°C 80°C

Newton k  0.0097 0.0155 0.0249 0.0080 0.0130 0.0157 0.0104 0.0188 0.0242
(MR=exp(-kt))
Logarithmic a 1.0574 1.0570 1.0507 1.0859 1.0801 1.0813 1.0181 1.0302 1.0379
(MR=a exp(- k 0.0102 0.0166 0.0261 0.0080 0.0136 0.0161 0.0108 0.0204 0.0252
kt)+c) c -0.0087  -0.0010 -0.0033 -0.0317 -0.0215 -0.0274  0.0027 0.0124 -0.0012
Page k  0.0037 0.0043 0.0064 0.0024 0.0035 0.0032 0.0078 0.0073 0.0088
(MR=exp(-kt") n 1.2162 1.3286 1.3704 1.2586 1.3216 1.4139 1.0648 1.2509 1.2762
Two-term a  0.5258 0.5279 0.5239 0.5311 0.5316 0.5293 0.5096 0.5228 0.5184
(MR=aexp( kot) ko 0.0104 0.0167 2.0262 0.0087 0.0142 0.0170 0.0107 0.0198 0.0252
+bexp(ki t) b 05258 0.5279 0.5239 0.5311 0.5316 0.5293 0.5096 0.5168 0.5184

ki 0.0104 0.0167 0.0262 0.0087 0.0142 0.0170 0.0107 0.0198 0.0252
Two-term a  0.0080 0.3614 1.8795 0.0682 0.0088 0.0765 0.0117 0.0151 0.0125
exponential k 11870 0.0295 0.0378 0.0938 1.4563 0.1763 0.8717 1.2193 1.9004
(MR=aexp(-
kt)+(1-a)exp(-
kat)
Diffusion a  -0.2486  -0.1597 -0.2202 -0.1472  -0.4128 -0.2182 -0.0404 -0.1153 -0.1673
approach k  0.0478 0.2955 0.1920 0.0799 0.0591 0.1426 0.1275 0.3002 0.1807
(MR=aexp(- b 02614 0.0652 0.1586 0.1183 0.3185 0.1410 0.0861 0.0719 0.1586
kt)+(1-a)exp(-
kbt)

Conventional drying
Models Coeff Part 2,4 Part 5,6 Part 1,3
60°C 70°C 80°C 60°C 70°C 80°C 60°C 70°C 80°C

Newton k  0.0055 0.0130 0.0169 0.0059 0.0098 0.0116 0.0063 0.0117 0.0165
(MR=exp(-kt))
Logarithmic a 1.1690 1.0159 1.0081 1.1210 1.0467 1.0996 1.0895 0.9880 1.0012
(MR=a exp(- k  0.0040 0.0134 0.0173 0.0044 0.0088 0.0093 0.0051 0.0122 0.0168
kt)+c) c -0.1811  0.0028 0.0033 -0.1384  -0.0443  -0.1160  -0.1010  0.0143 0.0052
Page k  0.0028 0.0067 0.0121 0.0037 0.0058 0.0080 0.0040 0.0135 0.0138
(MR=exp(-kt") n 1.1347 1.1542 1.0866 1.0888 1.1079 1.0897 1.0904 0.9684 1.0439
Two-term a  0.5081 0.2006 0.4988 0.5065 0.4682 0.5017 0.5361 0.4988 0.5183
(MR=aexp( kot) ko 0.0056 0.0129 0.0171 0.0059 0.0099 0.0117 0.0063 0.0089 0.0166
+bexp(kz t) b  0.5081 0.8180 0.5122 0.4986 0.5439 0.5016 0.4705 0.5054 0.4871

ki  0.0056 0.0134 0.0171 0.0059 0.0099 0.0117 0.0063 0.0158 0.0166
Two-term a  0.0153 0.0132 0.0163 0.0139 0.0198 0.0232 0.0167 0.0298 0.0136
exponential k  0.3543 0.9690 1.0082 0.4142 0.4841 0.4805 0.3661 0.3779 1.1844
(MR=aexp(-
kt)+(1-a)exp(-
kat)
Diffusion a -0.8036 -0.1884 -0.1401 0.0788 -0.4618 -0.9521 -0.2651  0.0100 -0.0439
approach k 0.0116 0.0687 0.0567 0.0752 0.0216 0.0219 0.0160 0.0964 0.0734
(MR=aexp(- b 0.6445 0.2271 0.3397 0.0703 0.5572 0.7189 0.4628 0.1198 0.2354

kt)+(1-a)exp(-
kbt)
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Vacuum drying

Part 2,4

Models 60°C 70°C 80°C
R? X2 RMSE R? X2 RMSE R? X? RMSE

Newton 0.99574 0.00124 0.03401 | 0.99318 0.00184 0.04117 | 0.99059 0.00235 0.04626
Logarithmic 0.99738 0.00754 0.02659 | 0.99500 0.00402 0.06090 | 0.99197 0.00201  0.04273
Page 0.99913 0.00244 0.01513 | 0.99631 0.00329 0.05513 | 0.99790 0.00053 0.02189
Two-term 0.99732  0.00776  0.02698 | 0.99500 0.00135 0.03529 | 0.99196 0.00201  0.04277
Two-term 0.99522  0.00139 0.03604 | 0.98816 0.00318 0.05419 | 0.99748 0.00063 0.02396
exponential 0.99939 0.00017 0.01263 | 0.99727 0.00074 0.02609 | 0.99570 0.00108 0.03131
Diffusion approach

Part 5,6
Newton 0.99370 0.00191 0.04229 | 0.99205 0.00219 0.04482 | 0.98916 0.00270  0.04934
Logarithmic 0.99692 0.00093 0.02960 | 0.99512 0.00135 0.03515 | 0.99235 0.00191 0.04147
Page 0.99930 0.00021 0.01414 | 0.99869 0.00036 0.01822 | 0.99850 0.00038 0.01843
Two-term 0.99638 0.00110 0.03209 | 0.99478 0.00144 0.03634 | 0.99192 0.00202 0.04262
Two-term 0.98364 0.00493 0.06799 | 0.99124 0.00241 0.04702 | 0.98030 0.00489 0.06636
exponential 0.99886  0.00034 0.01798 | 0.99917 0.00023 0.01448 | 0.99693 0.00077 0.02631
Diffusion approach

Part 1,3
Newton 0.99911 0.00024 0.01496 | 0.99434 0.00140 0.03591 | 0.99384 0.00150 0.03696
Logarithmic 0.99933 0.00018 0.01292 | 0.99543 0.00113 0.03227 | 0.99469 0.00130 0.03434
Page 0.99952 0.00013 0.01102 | 0.99732 0.00066 0.02472 | 0.99832 0.00041  0.01931
Two-term 0.99933 0.00018 0.01295 | 0.99522 0.00118 0.03301 | 0.99468 0.00130  0.03435
Two-term 0.99878 0.00033 0.01746 | 0.99361 0.00158 0.03815 | 0.99323 0.00165 0.03875
exponential 0.99956 0.00012 0.01050 | 0.99675 0.00080 0.02721 | 0.99703 0.00072  0.02567

Diffusion approach

Conventional drying

Part 2,4
Models 60°C 70°C 80°C
R? X? RMSE R? X? RMSE R? X? RMSE
Newton 0.99452  0.00140 0.03611 | 0.99770 0.00083 0.02576 | 0.99824 0.00040 0.01894
Logarithmic 0.99886  0.00029 0.01652 | 0.99798 0.00073  0.02411 | 0.99835 0.00037  0.01835
Page 0.99663 0.00086 0.02833 | 0.99924 0.00027 0.01481 | 0.99882 0.00027  0.01553
Two-term 0.99470 0.00136 0.03553 | 0.99797 0.00073 0.02416 | 0.99834 0.00038  0.01840
Two-term 0.99389 0.00157 0.03812 | 0.99727 0.00098 0.02803 | 0.99785 0.00049  0.02094
exponential 0.99707 0.00075 0.02641 | 0.99957 0.00015 0.01109 | 0.99882 0.00027  0.01550
Diffusion approach
Part 5,6
Newton 0.99514 0.00124 0.03393 | 0.99775 0.00060 0.02291 | 0.99561 0.00092  0.02883
Logarithmic 0.99825 0.00045 0.02035 | 0.99889 0.00029 0.01605 | 0.99871 0.00027  0.01565
Page 0.99612 0.00099 0.03032 | 0.99884 0.00031 0.01643 | 0.99672 0.00069  0.02492
Two-term 0.99517 0.00123 0.03384 | 0.99785 0.00057 0.02239 | 0.99563 0.00092  0.02879
Two-term 0.99485 0.00131 0.03492 | 0.99733 0.00071 0.02495 | 0.99509 0.00103  0.03050
exponential 0.99123 0.00223  0.04554 | 0.99893 0.00029 0.01580 | 0.99729  0.00057  0.02265
Diffusion approach
Part 1,3
Newton 0.99662 0.00088 0.02861 | 0.99954 0.00014 0.01091 | 0.99893 0.00024  0.01468
Logarithmic 0.99887 0.00029 0.01653 | 0.99980 0.00006  0.00723 | 0.99897 0.00023 0.01436
Page 0.99761 0.00062 0.02406 | 0.99961 0.00012 0.01002 | 0.99912 0.00019 0.01330
Two-term 0.99667 0.00087 0.02840 | 0.99974 0.00008 0.00817 | 0.99895 0.00023 0.01452
Two-term 0.99619 0.00099 0.03036 | 0.99948 0.00016 0.01155 | 0.99874 0.00028 0.01590
exponential 0.99777 0.00058 0.02323 | 0.99955 0.00014 0.01079 | 0.99908 0.00020  0.01357

Diffusion approach
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ANUSERNENITUNSANNTULASNAINUNTEAY

ANANLEANENITUNSAINTY (D) 5319198 LUHLAAIUA997 4 wudnsaLuiesiaeas VD A1 D,

12
a =2 !

 as o o L ods : S -
49n9135 CD lnennsauudianau)igeaiudanase D, ARNg9TU Wasannistalauanuduislulinngnmg iy
mi@uLLﬁq@;ﬁ\mmmé’mﬁumiwm@m@uLLﬁd@iyaﬁmﬂné’w Audzsnuazuailitlaras Junlakan et al. (2017) TagAn
D,, AlfannnismaaasdlAnasludas 7.80x10""-9.43x10"° ms @a1fludn D, wavaruislaasiall (107" - 10°ms)
(Wang et al., 2007) AINNNINARBINUINFUNIAUANANABIEAFBAN E, NWANFITW AINN1IMAa0d9U 5,6 A1 E,
o P =< 2 jamm = 4 A & Ny

AINGN dau 2,4 uaz 1,3 Tetuenivljiensasuulamianianinaenisindeunaesninnmy E, HAtiesuans
= aaa dl dl dy = o v 1 =% dl A o b4 1 asa
nedffsenisindeunresANTUTedR N TaLLvet19anLE e lndsnunszfuluniasel §isennns

LARDUNUBIANNTUTIALININ (Assawarachan et al, 2014)

F15199 4 ANUsERNBNIIUNIANTNTURAT WA WN T AUBINITOLILTNENI9LLN

Vacuum drying

Shapes Temp. (°C) De (M?/s) R? Ea (kJ/mol) Do (m?/s) R?

Part 2,4 60 1.10x1010 0.9740
70 1.74x1010 0.9729 } 50 7.2850x10°° 0.9989
80 2.94x10°10 0.9724

Part 5,6 60 4.98x1010 0.9662
70 7.91x10°10 0.9656 27.17 1.0002x10° 0.9683
80 9.43x10°10 0.9606

Part 1,3 60 2.08x10°10 0.9844
70 3.81x10°10 0.9786 50 2.2788x10°3 0.9809
80 5.05x10710 0.9777

Conventional drying
Shapes Temp. (°C) Deft (M?/s) R? Ea (kd/mol) Do (m?/s) R?

Part 2,4 60 5.00x10° % 0.9573
70 1.54x1010 0.9861 } 50 5.0520x103 0.9263
80 1.93x10°10 0.9855

Part 5,6 60 4.20x10°10 0.9834
70 5.71x1010 0.9902 } 30 2.0000x10°° 0.9439
80 6.81x10°%0 0.9743

Part 1,3 60 1.32x1010 0.9765
70 2.46x10°10 0.9945 } 40 2.7600x10* 0.9804
80 3.27x10°10 0.9859

a71nans3e

nsauudiengda VD Wszazinansauuiidundiaa oD mﬂ%@qmuqﬁ@uLLﬁ\i@‘qﬁizﬂmmz%u AHAFBAN
ﬁuﬂizaw'%(mm,wémw%”uqq uzainsaLLiwARAN NMsaUuianzaaeda 5,6 1,3 uas 2.4 Weraznanlunisauuic
adunud AU uzaasdau 5.6 ﬁmﬁuﬂ?:améﬂﬂmwﬁ‘mm%”ummm?ﬂuLLﬁq@ﬂ uzheneuuiainimmafann
puainsties Aruudegandiuzinaindan 2,4 uaz 1,3 kusnaesiivanzauiietuisaaunamaninisauudis

ATYTYINIATAINENIT

()]

quﬁ 60°C 9DINZNINLLNEY 2,4 5,6 AT 1,3 Af @NN17 Diffusion approach Page Way

b

Diffusion approach waziamuni 70°C Ae Diffusion approach Diffusion approach Las Page AMNANAL LATANNIT

El al

Page AmFUQMUUYRNT9RULIAS 80°C Tesnzdaenddu AnnImasesaziiulidiaaunadanin sauuiedinase

a ' '

ALANINTBINEHRLNe UL TnenseuuiisngrinnigeainasiandutsrAnanisunsaannau (D,,) NlAgeluanih

]
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Wasannlinasnunsgfuluniasedfienisindeunizesnanduiies [lepuTuefeuneanaziintedianelu
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