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61403204 : Major (FOOD TECHNOLOGY)
Keyword : LOW PRESSURE HOT AIR DRYING, DRYING KINETICS, REHYDRATION
RATIO, SHRINKAGE, COLOR CHANGES, DRIED MANGO

MISS SIRIKANYA KRATAITONG : EFFECTS OF LOW PRESSURE HOT AIR
DRYING ON DRYING KINETICS, COLOR CHANGES, SHRINKAGE AND
REHYDRATION OF DRIED RIPE MANGOES THESIS ADVISOR : ASSISTANT
PROFESSOR TOUCHPONG CHOOSRI, Ph.D.

Objective of this research is to develop a new drying method under the concept of
combining the advantages of using two drying media, hot air and vacuum, called low pressure hot
air drying (LPHAD). The LPHAD was compared both in terms of productivity (drying kinetics)
and quality (color changes, shrinkage and rehydration properties) of dried ripe mangoes with
HAD, the most common drying method in the industry. It was found that high temperature and
velocity in HAD increased the effective moisture diffusivity (D) and reduce of color changes
and shrinkage of dried ripe mango. The HAD drying conditions at 70°C air temperature and 2 m/s

air velocity were optimum for comparison with LPHAD.

For the LPHAD of ripe mangoes at temperatures of 50, 60 and 70°C and pressure of 6,
8 and 10 kPa, the results found that the LPHAD with high temperature and high pressure showed
a higher effective moisture diffusivity (D). The level of pressure has more influence on D, than
temperature. The color changes and %shrinkage of samples dried by LPHAD at different
conditions have no significantly difference (p=0.05) but there were significantly difference
(p<0.05) with samples dried by HAD. %Shrinkage is an important factor that influence the
quality of dried fruits and consumer satisfaction. Shrinkage related to rehydration of dried

mangoes. The high %shrinkage resulted in high rehydration ratio.
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L [ A (% ] YA :: a a =
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° a < { ¥ . [
uazdianuaiuaye JUSuaveadanazaisiild (Total soluble solids) 91AN15IAA 8
IS ° . 1 ' {
refractometer (Optika HR-130, italy) 1119 18.32 + 1.03 °Brix ¥AANNMUUILD 12.77 £2.52 N
o v W a I
Jaaae penetrometer (FT 327, Italy) #2339 UU1A 8 mm. W1Suraunsa (Titratable acidity) 1y
9 ¥
0.28 + 0.06 g citric/100 g sample 1ALHAIANUFUITUAY (moisture content) 31NN1T TAAINIT
I @ 1 { o o
1IATFIU (AOAC, 2005) 11114 4.93 +0.23 g water/ g dry basis #A29619M1UNANYIN TR 992
F) o

o A o o 2 I 9 [ Y
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d o LY o 4
3.2 gUnsaimSuAnmmsiusa
Jd o = o Yy 9 9 (4 ~ Y o Y a2
gUnssidmsudnyInsidedisanoundasnaning 1 Foatuiandain poly
(methy methacrylate) 141 2.5 cm RRTRE (ﬂ%l”N x 817 x §3) 1l 15 x 15 x 25 cm’ 919719
#19819%11910AZ LA TS poly (tetrafluroethylene) YH1A 8 x & cm TUn1TH U119 Tviaudh
Y Y e v oy % J 3 d‘ C w v
ATUA19V0 IR ILT 91A2081] 0 AN (air compressor) A1K15 7auM Tnarudleg19A1UANA Y
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[
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uAnNn 1 U1 A9 data logger (Luft Opus 200)
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15x 25 cm’ D1A219A29819R 19 INALUN T4 poly (tetrafluroethylene) ¥ 1 1A 8 x 8 cm Tu
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Ysenou lUdae (1) Tnamwad (2) inTearinasoud e Inih (3) e ingangionis
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UASANUAUY AT (4) ALUNTIINATOEN (5) (1150 5T IAgaINYUDINIAAZAIINALYI00N (6)
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ABBNDIBNIN (7) MNBINIVRUADIMAL (8) 118 2uANE MM (9) VugaaIne

g’/ o 4
3.3 TUMdUMININTY
Y
Usuannzludesiud 19 ldausvualumsdneiidmsumsiiadreauiou
° Y v ¥ 9 v o w ~ o v A g o 9
tazMInuiadsansoumeldan11zaNuaUiA 915199 2 tag 3 Mud1aY e o1
~ A ° o w oA A Y 9 v Y o v A o o=
Hannzasnmumnuaiinaioganmsen 1i1uuszun s laluresiusia uazsuaiun
' 9
AoYAIUNTZNIAI0619TANFUT 08N 113 01T 0.35 kg water / kg dry matter (dry basis) 94
QSI o 9 % ] d‘ ] o 9 o = A A =1 ]
fuganszuaumsiuie aredimumssiuieggmir llanmauiaruaimeninas 1

~ ~Nq o = oY v 9
BIITNN 2 ﬁ'ﬂ?’)&’ﬂ?“]f?llﬂ75ﬂﬂy7ﬂ757/17!!‘ﬁ\7ﬂ3867\li@u

anNI M1 (°C) A3 IaN (m/s)
T50V1.0 50 0.5
T50V1.5 50 1.0
T50V2.0 50 1.5
T60V1.0 60 0.5
T60V1.5 60 1.0
T60V2.0 60 1.5
T70V1.0 70 0.5
T70V1.5 70 1.0

T70V2.0 70 1.5
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~ ~Nq Y = o Y Y P P v o
15NN 3 angi 1y lumsanyimsiuiaaleanieuneldaniiganuaus

ane QM1 (°C) ANUAY (KPA)
T50P6 50 6
T50P8 50 8
T50P10 50 10
T60P6 60 6
T60P8 60 8
T60P10 60 10
T70P6 70 6
T70P8 70 8
T70P10 70 10

a d q o

34 miaamwmauwamammsmuﬁa
A
3.4.1 ANV
2 o £ g dy (3 ' @ J dy .
fﬂiﬁﬂ‘ﬂ1ﬂT§‘I/HL!°Vi\1“L!LL’L’fﬂQﬂ'JnJG])”LlGU’ENGI’J@ﬂ1ﬁ1ugﬂ%ﬂﬁ@ﬁi1ﬁ3uﬂ31hﬂfu (moisture
. [ A = =KX o = go/ Qy ~ =

ratio, MR) AN@UNITN 11 Fauaaneensimsiasuntasuailusueviisinaila q thgy
o A 4 g Aoy A A A A o 1
AUANUTUITUAY 1A8 ANUTUGUAU ANVFUNNA A ] UASANUTUNTUADUDIAIDY I

3 ] % d‘ o o
ﬂ1u'3i1!vl@%}i]1ﬂu1ﬁl:lﬂﬁ’)@fJNﬂQ’dllﬂﬁ‘Vl 12 5\‘1 14 auainl

Mq=M
MR = 24 a1
Mi_Meq
W;—Ww
M; = —+——4 (12)
Wa
We—W
M, = —t7d (13)
Waq
We _Wd
M, =21 <% (14)
eq Wd

A A X 2 o v Ay A e
WO M, A9 ANNFUVDIFUAIDYNUINAY (kg water / kg dry matter) M, 19 ANUBUUD
v v Y vy
yualedennaila o (kg water / kg dry matter) M, Ao mm%uﬁu@amawumama (kg water
¥ 2 1 o A ¥ o L
/ kg dry matter) W, W, ttag W, fio imiinisudu dhmininaile q uaz ihminaugavesiuy

A8 (kg) AUEIAY
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3.4.2 A5t
o Y . =2 a o Y o Y A
ﬂﬁW‘Iﬂ"Ii‘VHLL‘H\‘] (drylng curve) HAADNINHANTIUNITNUUHIVDINTSUIUNTININNN
= [ % 4 1 [ & = tdy a [ o o’tdy Y Y
ANHIINAINUTUNUTTIEHINN MR ﬂmam«nﬂumiﬁﬂmmzaﬁmﬂmmﬁuwuﬁu%ma
° a 4 ' [ . .
HUUSIaINAdlamans 3 wuy 1aun tuusiaedves Lewis, Page 1181 Henderson and Pabis

v =) td‘
AULEAATIBAZIDIA TUAIT 1N 4

{ o a o o o a a o 4
9”57\7ﬁ 4 HUVUNAONNNAUAMTAATT IV TUOTLIYWOANTTUNITNULNN

HUVI804 siuuvanums 91994

Lewis MR = exp(-kt) Lewis (1921)

Page MR = exp(-kt") PAGE (1949)

Henderson and Pabis MR = a exp(-kt) HENDERSON and PABIS (1961)

A A A ° A o Y
U9 a, k Llag n ﬂ'ﬁ]ﬂ’lﬂ\?‘ﬂslullllﬂinﬁ@\i Lag tﬂanaﬂumi‘ﬂnm\i (S)

1 g o A d o dy
TumsFanuaeandoIveAVUTIaDINIAdiamansfuNansnaasd lumsAnuIil
a a 4 Aan o [ a QOJ
NITUINNWINTA0ITNNADA 3 1DY Ao IAANAIT (chi-square, Y, FuUszdNnTng
aaaul (correlation coefficient, R) ag 510N A0998IANUADIANADUAIAIABURAY (root
mean squared error, RMSE) aqutaasluaumsi 15 - 17 muaiay
A A @ 1 dy ~ 9 A @ 1 dy ~ Y
110 MR, A9 80310 1AWFUT Id9InmMInaaed MR, A8 8a31duA1WauH 1aan

[ o A o 9 A FY a J
NTITMUNYVDIULU VIO LAY n AD mmmwﬁamﬂlﬂumﬁamiww
n 2
N Zi=1(MRexp,i_MRpre,i)

n-=z (15)
2 4 Residual sum square
RE=1 Total sum square (16)
1 1
RMSE = (Ez?zl(MRexp,i - MRpre,i)z)z 17)

3.4.3 9ATIMITHUIN
< A A & Y o 9 ]
anuE lumsnldsunlasnnuFuao i iIea1veIn T UIUM IR a A ld

A8EATIMITUNS (drying rate) Feaansasuia lavinauns 18

Xe+at—Xe
DR =——"—
At
& = (Y o Y -1 -1 A & J i
149 DR 19 9AT1N1INNN (kg water x kg dry matter s ) X,A, 19 ANUFUYDIAIDYIY

(18)

1 t+At (kg water / kg dry matter) tag At An nannlasuuaslal (s)
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3.4.4 guilszansmsunsidseanswa
] a =< 1 a a Id
duidszansnisunsisz@nsma (Effective moisture diffusivity coefficient, D) 111
a o'd' [ = a a o Y d‘ 9 o 1
WI5INNBSNUIVNDIUTLANTAINVDINTZTUIUNTN IS aun1sN 19 15 lumsamiuiaa
o Y d‘ 9 é o = g
D, 11005115 1a1nmsnaaesdatingus Iag Crank (Crank, 1975) INUFIULIIN
1 9 A ) 4 . A a 1
Mg TounIanungIah 2 veauaAn (Fick’s second law) aun1sh 19 Wa1san1sale lou
dy @ ] Aaa o v W l} A 1 I 4 Y Y aln 1 a
anwruluarediaunuy 3 dadmiuaiedeniiglsiailugnuian waz lddoduyadn lumans

Y 1 1 U = Q’ 1 Qy QJ 1 1 { gl.l Qy QJ 1
NAAIVDITUAIDEN tazMaNUseanTmMIuns luFUAI98 19 liAININAa0ANITUAIDE

8
8
8

VR = 83 1
w2l L La@n+1)202m + 1)2(2k + 1)2
n=0m=0 k=0
2D
X —(2 1 2 Veff
exp[—(2n+ 1) 4X2 t]
2D
X om 4 1)2 -t
exp[—(2m + 1) 24X2 t]
T Deff
x exp[—(2k + 1)? 27775 (19)

A A 3 a a‘{ 1 a A 2 A = =
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MR = —exp( eff t) (20)
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3.6 MIIATITHIVOYAMIADA
a d Y aa = dy o 9 9
M3 AATIZHIDYaNNadA lumsAnuIineT1sunsn SPSS software v.18 19Ya91N
o a 4 U 1 { @ an an a I'd

MINAR09ZYNIINIIATIZHANUUANAIIA LR AEVRIR TN NADAAI8TTNITAATIZHAIY
1151 59UN19A 87 (one-way ANOVA) 1lag NATOUANVLANAINTEHINAUNAYT 1 UDIA)
Y an 4 ~ o A = 2 o ¥
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HaANIINAa9LasIVIIUNA

4.1 saunaman3MIiufiavesuzilegn
4.1.1 woAnITUMIILRINZNgn

1 s

Y
NYANITUMIIILTeieg1a lumsAn B HRITaNNAANNFUNUT TEHINANUTUYDS
o 1w T £ v o A a Yy °
#1019 una1 luN TN nuINNITNAae Fannudusiusuesuielaatouuuiiasa

a 4 o a SA o 9 a a o Y Y 1
nuadiamans lagnuudiaesnnaaamaniniunldesuienganssunisviusi e laun
Lewis, Page (161¥ Henderson and Pabis nIsAAeNLUUTIa0INHNITaNd1MTUeT U1
ANUTURUTAING1IINANNAOANZ DIV VT IADINUNANITNATDIAWNITININD TN

aa { 1 1 o 1 a 4 an

add Aa R, RMSE tag ¥’ A13190s Laadaadnuedniisiaed 1agamisimesn wadaa

S ULAAIN MY AOAARBIVO LU U1 0INUHANINAADL WUV VI IA0IN AN AT
o [ o J o []

W94 Lewis Hanuminzaudmsuldlunmsiussauwamaasmsiwiuzinsgnaiean

Fou 1loanniia R® gaiga ogluy130.98499 - 0.99119 taziin1 RMSE tag )’ Miiiga oy

111999 0.022200 — 0.024463 1Az 0.000493 — 0.000617 MVAIAY doAAdINUNITIADN 19

o a 4 o I'4 o 1Y
HUVTIADINNAUAMAAS IUNITHILIBIaUN M AATNITYNRIveId Ul Taa8au5 o U
(Malaikritsanachalee et al., 2018)

F115UNYANTIUMIH IR IAedRsandaumeldanizanudud nud uuy
o a 4 a a ) Y [
asenendiamans el Page NN N 1UAIT 0T UIBNGANITFUMTILT 4819819428

9 Y @ o A = 2 = 1 3’/ A
avdoumelaaniizanuaudule1Inial R* ganga 11993.0.98152 — 0.99082 59uNA
RMSE t1az Y éiige 0¢119593.0.022171 - 0.026151 482 0.000493— 0.000686 A 11181 1]
1Y o a o o 4 o
ANuaeanasInuMIaen VT Ia0INAdIam a3 lUNTTIUIsaUNAmM A3 NI
] A, o ?,’ A 4 Y f" . .
WoINZAWGNA83 s M mteaae el foudseraian1izanuau (Malaikritsanachalee,

Choosri, & Choosri, 2020) 1Az N15HIHINIA28ITN1THIF DU FQYYINIA (Orikasa et al.,

2014)
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AN 5 MANnuazAMNaDaa IS uuYYT1aeIMIuiiaeanieu uas avsouneld

AN1IAF UG
VD09 ANITMIMTAI mnsilusians R’ RMSE(x10)  y(x10%)
Msrutemeaniou
T50V1.0 k=0.000071 0.99119 0.023434 0.000551
T50V1.5 k=0.000089 0.98984 0.02414 0.000617
T50V2.0 k=0.000080 0.99016 0.023184 0.000538
) T60V1.0 k=0.000085 0.98975 0.024463 0.000601
bewis T60V1.5 k=0.000105 0.98902 0.024176 0.000585
T60V2.0 k=0.000123 0.98872 0.022200 0.000493
T70V1.0 k=0.000105 0.98917 0.022664 0.000514
T70V1.5 k=0.000149 0.98646 0.022371 0.000502
T70V2.0 k=0.000174 0.98499 0.024067 0.000580
T50V1.0 k=0.000070 n=1.00123 0.99119 0.023435 0.000551
T50V1.5 k=0.000106 n=0.98184 0.98984 0.024814 0.000618
T50V2.0 k=0.000080 n=1.01251 0.99016 0.023184 0.000539
T60V1.0 k=0.000076 n=1.01264 0.98975 0.024463 0.000602
Page T60V1.5 k=0.000105 n=1.00014 0.98902 0.024176 0.000586
T60V2.0 k=0.000133 n=0.99200 0.98872 0.022200 0.000494
T70V1.0 k=0.000108 n=0.99746 0.98917 0.022664 0.000515
T70V1.5 k=0.000126 n=1.01815 0.98649 0.022351 0.000501
T70V2.0 k=0.000168 n=1.00390 0.98499 0.024067 0.000581
T50V1.0 k=0.000066 a=0.986709 0.98989 0.025113 0.000632
T50V1.5 k=0.000079 a=1.007416 0.98620 0.028927 0.000838
T50V2.0 k=0.000079 a=0.959552 0.98465 0.023184 0.000538
T60V1.0 k=0.000080 a=0.980618 0.98874 0.025641 0.000659
Henderson and Pabis T60V1.5 k=0.000093 a=0.98151 0.98299 0.030083 0.000907
T60V2.0 k=0.000096 a=0.92219 0.96365 0.039852 0.001591
T70V1.0 k=0.000082 a=0.92177 0.97084 0.037195 0.001386
T70V1.5 k=0.000100 a=0.88398 0.91631 0.055625 0.003100
T70V2.0 k=0.000151 a=0.98273 0.96796 0.035163 0.001239
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V09 FNITMINUHAI mnsilusians R’ RMSE(x10")  '(x10%)
msshutedeanouneldanzanududi
T50P6 k=0.000106 0.9897 0.024078 0.000581
T50P8 k=0.000114 0.9886 0.025353 0.000645
T50P10 k=0.000123 0.98899 0.023641 0.000561
. T60P6 k=0.000085 0.99017 0.024375  0.000596
Lewis
T60P8 k=0.000094 0.98989 0.025455 0.00065
T60P10 k=0.000232 0.98172 0.022490  0.000507
T70P6 k=0.000077 0.99056 0.026408 0.000699
T70P8 k=0.000156 0.98672 0.022266 0.000497
T70P10 k=0.000229 0.98137 0.023809  0.000569
T50P6 k=0.000030 n=1.133833  0.99082 0.022732  0.000518
T50P8 k=0.000039 n=1.113687  0.98943 0.024412  0.000598
T50P10 k=0.000058 n=1.078645 0.98942 0.023182 0.000539
T60P6 k=10.000034 n=1.093333 0.99068 0.023727 0.000565
Page T60P8 k=0.000033 n=1.110689 = 0.99062 0.024516  0.000603
T60P10 k=0.000119 n=1.074075 0.9821 0.022252  0.000497
T70P6 k=0.000044 n=1.056687 - 0.99075 0.026151  0.000686
T70P8 k=0.000108 n=1.03937 0.98683 0.022171 0.000493
T70P10 k=0.000152 n=1.045595 0.98152 0.023712 0.000564
T50P6 k=0.000087 a=1.011545 0.97353 0.038596 0.001493
T50P8 k=0.000123 a=1.031414  0.98514 0.028939  0.000839
T50P10 k=0.000109 a=1.002997  0.98120 0.030895  0.000956
T60P6 k=0.000077 a=0.998450 0.98721 0.027803 0.000775
Henderson and Pabis T60P8 k=0.000093 a=1.049427 0.98984 0.025513 0.000652
T60P10 k=0.000178 a=0.922078 0.90760 0.050562 0.002562
T70P6 k=0.000085 a=1.073980  0.98755 0.030341  0.000922
T70P8 k=0.000121 a=0.921357  0.94614 0.044841  0.002015
T70P10 k=0.000214 a=0.973869 0.97467 0.027761 0.000772
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