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Teerada Visalrakkij 2012: Process Development of Dried Mangosteen by using Microwave
Vacuum Drying. Master of Science (Agro-Industrial Product Development), Major Field:
Agro-Industrial Product Development, Department of Product Development. Thesis Advisor:

Associate Professor Nantawan Therdthai, Ph.D. 152 pages.

The study was subjected to microwave vacuum drying of mangosteen (Garcinia mangostana Linn.)
with and without osmotic dehydration. Prior to the microwave vacuum drying, mangosteen (containing seed
and seedless parts) was divided into 2 parts (without and with osmotic dehydration) and then frozen until the
product temperature reached -18°C. The osmotic dehydration was carried out in sucrose solution (65 g/100g
w/w) at 40£2°C. The osmotic dehydration prior to drying affected moisture content, water activity, colour,
texture, reducing sugar, total sugar and total acidity significantly (P <0.05). With osmotic dehydration,
moisture content, water activity and total acidity of seedless and containing seed samples were decreased, but
L*- value and hardness were increased to 62.59 - 75.04 and 37.89 — 73.28 N, respectively. In addition, osmotic
dehydration could reduce drying time by 40 — 70 % depending on microwave power. An increase in the
microwave power from 1200 W to 1680 W enhanced drying kinetic rate constant of moisture ratio; as a result,
drying time could be reduced to by 30 - 40 %. Scanning electron micrograph indicated that samples with
osmotic dehydration had fine and porous structure, thereby their rehydration ability was improved (P <0.05).
From sensory evaluation using 30 untrained panelists, overall liking scores of all dried mangosteen were in the
range of slightly like and moderately like. Based on preference mapping, overall liking score could be increased
by decreasing water activity, moisture content and total acidity, but increasing hardness, regardless of parts of
mangosteen (containing seed or seedless). During storage in aluminiumfoil bag at 4, 25 and 35 °C, moisture
content of the dried mangosteen without osmotic dehydration was increased to over the quality standard limit of
the dried fruit at the 3" and 4" week. Osmotic dehydration before drying increased activated energy (Ea) of
changes in moisture content, water activity and texture. Therefore, quality of the dried seedless mangosteen
kept at 4, 25 and 35 °C could be maintained at least 8 weeks. Comparing to the dried seedless mangosteen, the
dried mangosteen containing seed had lower Ea of changes in moisture content and texture. Thus, its quality
(stored at 25 and 35 °C) could be only maintained for 4 weeks. From consumer test, the acceptability of the
dried seedless mangosteen with osmotic dehydration was 88.64 %, while the acceptability of the dried

mangosteen containing seed with osmotic dehydration was 80.68 %.

Student’s signature Thesis Advisor’s signature
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. o Y a Y = 2’ g & . a a A .
nucleation M1 1ANANTA3 19NN MVIVU nucleation T 2 Fila AO homogeneous nucleation {01

. ' Y a J .
heterogeneous nucleation 14113 d auclwmuuﬂ%mmﬂu heterogeneous nucleation
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N (UTYN, 2544) @\‘I"Uu1ﬂllﬁ$ﬂill']m51]fNWﬁﬂu’]l,l,éllQgﬂuNWﬁﬁ@ﬂmﬂTWﬂlﬂQNa@ﬂm“ﬂ

] < = ' = @ a J
mmﬁm%mmwwwammsgﬂaauuﬂaweﬁqm@q TAVIA LUASAUATNN
9 4 a Aq Yo < Y] { 4 a
Tmmmiu’aaum Lﬁmmnmaﬂqmwgﬂwmm nJumiaﬂammmﬂﬁﬂuuﬂaqLﬁmmﬂﬁ;auﬂ

ad aaa = 2q Y Y 1 m Y o a L4 aw
8 LlﬁzﬂaﬂﬁEJ'WlNG]f’JLﬂlIGI;Wu@fJﬁQ Lm"lu“lwmawmmammmu"l% NNUIVYUDY  Han ef al.

B a ]

= ~ A Ad o A A s 3 A
(2004) ANYIAVDIAATOIUDT HASIIAIVOIUAINNVTNHINUNYTUBO NI 1T U171 6 1A
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INHINYUNYY -60 DIAUFALHYET Wuan 52 dden Vluﬁﬂ’NIJLmﬂ@]NﬂUEJfJNJJHEJ’CﬁﬂiUUVIN
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3. M3OUUNA (Drying)
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N1IDULLTN AD L‘]J'Llﬂ'i$U3uﬂ1iﬂﬂu1@'€]ﬂﬁﬂﬂ®1ﬂ'ﬁ 1wgwa®@g1uﬂiu1muaaﬂqa ENE
' s P ¢ vy o q YN 3 o Y} 2 A ad
ﬁﬂﬂ??@m@illﬂﬂ@?ﬁiuf)TViTiGIfHuf]EJZN ‘VI"IGI,WEJ@TE]WEJﬂ"IﬁLﬂiJﬁﬂ‘H']hlﬂu']u"Uu IWITELUDDINTITUUN
[ osj a a a2 d an 1 o Qadyd'c; 1 o Y
aﬂa\‘ﬁ]gfJ‘]JEJ\?ﬂWiH]iﬂJU"U@QﬂﬁHVI'ifJ (H‘ﬁfﬂ, 2544) Iﬂﬂﬂ13®tﬂ@§u@ﬂﬁ?ﬁﬂ@’lﬂ?’l 0.60 fuz‘wﬂw
< Y oA o W a 1 S @ e q¥ 1 quu ' <
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3.1.1 MIgaydeIniuy

Y I VAo w a Y= a a = 9 = o
wa I uuvashdragueimiuduaz Tsimiue Ao wa-ualsiv msi
Y A Y a a a A =1 4! o as Y d' 9 ] =
unadna lnsuadauusiazin Tsnuanas $99zAuulsaIITMIo UL 1% 159 #amsAnyI
as Y ax A ag 9 9y . . Y 1
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< 1 an A ~ ~
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(Jayaraman and Das Gupta, 1995)
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1721 38 D9 UBATEE (Fellows, 2000)
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nanuRalnAveINaNLaLTaHIA (Jayaraman and Das Gupta, 1995)
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v @ I
nad51n tededdgyiilluaung Ae Imsgade differential permeability 11 protoplasmic
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membrane gRYLEY turgor pressure moluwaa TUsAUFeamNETTUTA aamsunanan uaziinmg

Y
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(Fellows, 2000)

4. msounialaglulnsrsIugayama (Microwave vacuum drying)
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A [ A A 4%‘ ] A 1 I~ A
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TuTasnnianuenndauserig 1 Jaawas 89 1 a5 UANNIVBIFNAAUIEHIN 300
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WNNELETA D 300 NHTLITA Iﬂﬂ“]f'l\‘]ﬂ'l']llﬂﬂauuluIﬂﬁl'ﬁ/\lVlu’]lni%iuﬁ’]u‘ﬂ?ﬁq@]ﬁ?ﬁﬂﬁiﬂ e

Qe

aw 1 = ad A ] < A
m‘i’Ji]EJuu’agclu%N 915 D4 2450 1unnLase (Pappas et al., 1999) Lmummmmaﬂ"lmﬂm



16

2 Y v
T lumsauenemisvesTuTasnvliu erdeauiianisiile Twa (dipole) 2 429 vesTuanaveai

Tue s uazeymAniilszy (Charged particles) (lwenanazgaun, 2549)
4.1 awiavesnauluTasnm

1 4 o 4 4 g
o luTasnnazaanauudiennis weaauluIasnulUnsenumsuznitlulany
A A a Y o = ' A I Y A 1
violidumauyedTansazinansaznounal (Reflection) Tuamnsoganan1ila emnsild
Y v )

MFULAING 91111501992 bign Asiuemsnds ldeglunauziinau luTasnWannsonzg
' Y . N ~ 1 v d A o v a
W11 (Transmission) Myuzannsongaru Idiflumyuzithanuni nszay uazwaiaan

1 dy 19 1 o Yo Y d’ (% U ] = 4'
mruzmariiag lufeuuaiIidienmsdou iesnnnsuzawinann liganauaauluTasml
% a o o . 4 4 wa ad a
Fa1/nAe1m13n 9 llawnsogadiu (Absorption) Aau luTasilla iesnnawia ladianninuea
d’ [ d‘ g’ a Q'l = (] Y a
01113 tegagunau luIasni Tuanavenihluemsvzinanmsduazinou dewaliinaniu

Y A 2 1 Y Aa
TIOULUDINNUITAUTIANTU ﬁﬂNﬁi‘H’ﬂTﬁ'ﬁﬁ(ﬂ (a"l,a, 2547)

B2 ad a
42 auiidladlannsn (Dielectric properties) UDIDIT
A ad a [ a S oA % A 3 o Y a
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anusoudienauluTasnv vienauiedlusisniuning 14 (Sosa-Morales et al., 2010) TagTu

a 1
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E] U

a Y]
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w Y 1
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. . I oA = 3w @ ~
4.2.1 Dielectric constant (£€°) !flJ“Llﬂ'Wl‘ll\TU@ﬂﬂ\?ﬂ’ﬂuﬁﬁﬂiﬂﬁluﬂ15lﬂ‘Uﬂﬂ‘Wﬁ\N1u‘ﬂ

annsznuin lihiledageg uaum Ivdh

<3| A ]
4.2.2 Dielectric loss factor (£”) Lﬂuﬂqﬁﬂﬂuaﬂﬁ\iﬂjqﬂﬁqu'ﬁﬂ‘luﬂ'lﬁll‘Wﬁ NITINYUDI

' 2 v
wasu I luemsniemsgapdolyl Taowdsauigadelufizn/aeuiundeau
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A = ad a a
AMUSoU (Ikediala ef al, 2000) D1MTHTOIAgATAIMIgde ladannTnge asanIw

9 k)
Fou'ldun

1 a 1 ag wa ad a 1 1Y @ v ]

Tagomsuaazatia uaazguHNNLauIA IABIANNTNA1NY AI0G1UTY €7 V03
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1NgumMgil 25 pIrIwaIFea (12.48) UAWINNTGT €7 Y9I (0.0029) NQMNI -12 DIAN

= v A 9 v 1o s A G Y A
e duvaneanuInivhlinaanuionlddniniudge iesniminddlnseadwite
a o o 9 3’ 9 ' . A d? v g A :) A <
aanuin i Tuwanavenihmyuldnn a1 €7 mnvduednsasuorhnldsuanuzanveads
[ 1 v 3 ] Lﬂy Y T3 o a3 @ 3w
WUYeUNDITENINMIALA1BIITUBLIA (HU 15D TINFUUL TUATWBLUI LazAnYULBLIT A
~ o A d a = ' o A o 1 dyd wAa
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puveanan luTasn (Yam and Lai, 2004)



M13199 3 A1 Dielectric constant 1Az A1 loss factor YoIIaAuUARZsZIANNANND 2,450
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@

a9 £ £

vhuds (12 psrnmaiion) 3.2 0.0029
Wh (1.5 o9AugaIFod) 80.5 25.0
1h (25 sernaiio) 78 12.48
Wh (75 o9FaIF o) 60.5 39.93
0.1 Tand NaCl (25 essnusaidon) 75.5 18.1
Tusuaziiiiy (Qungiilnd) 25 0.15
oA (-15 DA T ALTE) 5.0 0.75
oA (25 0IAUBALTOH) 40 12
oo (23 earusaio) 28 5.6
Tudsa (15 earusaiFen) 4.5 0.9
Tuda (23 psruwaiFon) 38 11.4
RNV (23 DT ALTOE) 13 6.5
WU (-15 D9AsaIFod) 34 27.2

31: Yam and Lai (2004)

4.2.3 Loss tangent (tan 6) APOAIIAIUTLHI19A Loss factor 1A Dielectric constant

@ A = = @ @ < @ 9

@]\‘lllﬁﬂ\ﬂuﬁuﬂﬁﬂ 1 %Qllﬁﬂﬂﬂ\iigﬂﬂﬂﬁﬂi$i]181/\1a\‘]\111!111/‘1171“’1_]1!1/\1@\1\111!?1’31%581!
<3| = ~ ' (% A

(Trabelsi et al., 1998) Wumsnlsouiionszninanasan Trldhing

[ o { v g 1
founuwasaugninnyl3 (Al-Muhtaseb ef al, 2010) 9111155iA7
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E4
a

UFAULTAND
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191NN ANIN

Y 1 v 1
$ou'lAAAUU (Gabriel ez al, 1998) Uz NO11153IA1 Loss tangent 1 AdH IuIasnvlazdemiudn

12 9 a d? [ <3 9 A A d? d?} K o
"lﬂclummﬁTﬂﬂllmmﬁﬂixmﬂmm’iaumﬂmu ’e‘]fJNll'iﬂmiJmmaaumwnmumwuagﬂuﬂ%ﬂ



19

DU ) MUY ANUTEUTUNIZVDID1¥1T VUIAVRIRI0ENT Az VAU IRI0ENa

(Jindarat et al., 2010)
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1 a I {a 1
MIMUMANUTOU tazaamsnan)asnuIINAITOUUDNUBIBIHII 18 (Maskan, 2000) LLANS
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432 wavesmiouuns luTasnvgyanmaniinade Inssadsvesnandus

91N9UI98UD3 Bondaruk et al. (2007) las1earuinInssadanieluvesiueia
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Hu et al. (2006)° 1aAnm18as1mMsAUAIveIn s e uouuianouniede

TuTasnvayanmauazandou w1 il 10 wIA 6ATIMIAUR 1AV 2.14 182 1.94 AWAIAY
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1 [y av 1 @ @ 4
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v H H
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pULRIAITaNToupdlTad AN IEaa (P < 0.05)
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Overall liking score = 8.927 - (3.154x 10" x Moisture content) - (6.300xwater activity) -
(6.814x10°x L*) - (0.017x a*) + (6.235x10 " xb*) + (4.701x10" xHardness) -
(0.636xTotal acidity) - (0.366xRehydration ability), R’ =0.999 21)
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Overall liking score = 1.746 — (1.688x 10~ xMoisture content) — (3.232xwater activity) +
(6.851x10°xL*) - (1.342x10 xa*) - (1.8288x10” x*b) + (2.9678x10" xHardness) —
(0.311xTotal acidity) + (7.084xRehydration ability), R’ =0.987 (22)
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Correlations on axes 1 and 12
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AUNIN laifiwaa lhifiwana eoaTunng laiasdu fda wda eoalunng lansdu
(1680w/14 min) (1200w/12 min) (1440w/14 min) (1440w/10 min)

ﬂ?mmﬂa1u°§u(%db) 8.500.20 2.6242.31 11.29+2.42 3.00+1.33
JonoTIeATIA 0.366+0.00 0.341+0.01 0.375+0.02 0.323+0.01
AU (N) 14.13+2.81 39.05+2.97 39.7542.11 73.2842.96

WAC 0.19+0.01 0.37+0.04 0.19+0.01 0.24+0.04

DHC 0.72+0.07 0.74+0.01 0.90+0.09 0.74+0.11

RA 0.13+0.01 0.27+0.03 0.17+0.01 0.17+0.00

L* 59.07+2.34 64.1143.8 72.1143.69 73.0243.82

a* 1.69+1.06 0.17+0.50 3.62+1.51 2.2241.03

b* 11.7242.46 9.29+1.35 19.5542.79 20.612.33
ﬂ?mmnmﬁmm(?@aaz) 0.34+0.01 0.030.00 0.23+0.01 0.060.00
ﬂ?mmﬁwma‘%‘ﬁacﬁq(?aaaz) 7.24+0.05 18.81+0.30 10.98+0.15 19.88+0.16
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USuanoauoasendgind 0.00:£0.00 0.00::0.00 0.000.00 0.00:£0.00
uu INY (mg/kg) 4.20 4.22 4.97 5.01
Tg (°C) 3.00 25.96 -7.01 11.11
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14 15154023 17.10°+0.37 16.45°+0.21  2.40£047  2.84+0.10  2.20+0.10
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