nszuUMSHAIINGAduTdAanaRalsTgidennalud
PROCESS DEVELOPMENT OF PASTEURIZED MANGOSTEEN (Garcinia
mangostana L.) JUICE FOR COMMERCIALIZATION

4¥19R 1andseans
SUCHAWADEE WETCHIRASIT

3%snﬁwus‘iﬂudauwﬁwmmﬁnwmwé’nqmﬂ%m‘,muﬁﬁ'mﬁsuﬁflamumﬁ'msﬁm
#1913913IAINTIUBINNG
AMZIAINTTUAENS
dondumalulagnszaauinaidnAunmIsaIAnseUs
N.A.2566
KMITL-2023-EN-M-270-060



PROCESS DEVELOPMENT OF PASTEURIZED MANGOSTEEN (Garcinia
mangostana L.) JUICE FOR COMMERCIALIZATION

SUCHAWADEE WETCHIRASIT

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENTS FOR THE DEGREE OF
MASTER OF ENGINEERING IN FOOD ENGINEERING
SCHOOL OF ENGINEERING
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG
2023
KMITL-2023-EN-M-270-060



COPYRIGHT 2023
SCHOOL OF ENGINEERING
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG



v
v 6 0o

WadeInglinug nsrUIUMsIREnSashdinanaelsddidandive

unAnwI UNEEUIR LmIseans
saUszanin 60601016

Usguaun FFINTTUAEATUMNU TN
GULTaL IMINTIUOIMNT

N. 6. 2566

219159NUSNENINENTNUS 1A a3 Rusiiiiey waladuned

o/ 1
UNANYDd
Angrtnugatull dnauenisnmuInssuIun1TRanu1dnanIaelsd Loy
UsgAnSnnnseurunisude sadanisilseuiieusuyudesulunmsusenaunisiansan

A a d‘ o v Y 2 4 a wa
LﬁE]ﬂﬁﬂ’]ﬁ]%ﬂ’]iﬂ\la@‘ﬂLVMWS&NEWWiUEJUi%ﬂ@UﬂWi SMEs I@‘EJIUﬂ’]i‘VI@ﬁEJ\ﬁ%@UMEN‘UQ‘UGm']’i

[
a v aAao a %

o ey 1A - a < o [y
Taviizinannmeendniod toua @ dnyaizdsing annuniln Usuawesuleiazangls i
oY UTU1aunInsIu USHnauieadunsd waen1snadaun1aussamduia nssuiunisna
wolsd 13uannisnaaesldoamad 3 sedu Ae 75 85 uae 95 asrnwadea Luian 15
a = =3 Y Y @ a IS < (. 6 a 3
W9 waziiusnwiludidugamnd 4 esenwaidua LTuszezan 8 §Uav lagnsiasiey
napanINARduelnasErInIsNUSnY wuldegtlsranaelsingumngl
85 aerngadua 1uszeziaan 15 3uadl Sussunaduvsduaenisiiuinweyluneasi
gousUlAnINIINSE I MKy UNTaAn 1452/2554 wenanianmmalseamduda & ndu
sav R Lledua uarauveulaginveuslan eglussiuinniigailameuiufiagng
annzau 9 egnlsnmundndusiiidinaniaaslsdlunsveassssauiosdfuiRnistudu

o A = A 9w o A & 1%
wwmslumsdadionanenuneadiielinaasdluseaulswszasaiefnmanudullls
VN9NINAIAVINEA S uIUNTsAANIALR B L5

nsAnwInsEYINNSHaniealusyaulssUssassldvinnsAnwanienisanie 3
JURUU Ao UsTseu UsTgiu wazussaiusiudumsldanuduas thiusnwinazyiinis
Baszvnunmduigl 8 dUanit sudainsdesisisununsnaaindine i91uiunisude
1,000 WIAAD 1 YANITHEAR

Aty lidsanusalddusunuuiionssuiunisudnindageniaaslsd souds

1

Uszgndlunisudniinaliniaaelsddu q lusedvgnaimnssula



Thesis Process Development of Pasteurized Mangosteen

(Garcinia mangostana L.) Juice for Commercialization

Student Ms.Suchawadee Wetchirasit

Student ID. 60601016

Degree Master of Engineering

Program Food Engineering

Year 2023

Thesis Advisor Asst. Prof. Dr. Pimpen Pornchaloempong
ABSTRACT

The aim of this research was to develop a process for producing pasteurized
mangosteen juice to increase production efficiency, including a preliminary cost
comparison for SME operators to consider when selecting a suitable production
condition. In laboratory experiments, the quality of the product was measured by
indicators such as color, appearance, viscosity, total soluble solids, pH, total acidity,
microbial content, and sensory tests. The pasteurization process started with a
temperature test at three levels: 75, 85, and 95 degrees Celsius for 15 seconds, and
then was stored in a refrigerator at 4 degrees Celsius for 8 weeks. Quality analysis of
the stored mangosteen juice revealed that samples pasteurized at 85 degrees Celsius
for 15 seconds had an acceptable level of microbial content according to the Thai
National Standard for mangosteen juice (1452-2011). Additionally, the sensory quality,
including taste, flavor, color, texture, and overall preference, was the highest among
all conditions tested. However, the results of the laboratory experiment only serve as
a guide for selecting appropriate conditions for further testing on a pilot scale to study
the market potential of pasteurized mangosteen juice.

The study of the production process of mangosteen juice at the pilot scale has
investigated the efficacy of three types of microbial inactivation: hot-fill, cold-fill, and
cold-fill combined with high-pressure processing. The samples were stored and
analyzed for quality over an 8-week period, including the analysis of production costs
for a production quantity of 1,000 bottles per batch.

Therefore, this research can serve as a model for the production process of

pasteurized mangosteen juice as well as for the production of other pasteurized fruit

juices in the industrial sector.
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1,3,6,7-tetrahydroxy xanthone
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1,5-dihydroxy-2-isopentenyl-3-methoxy xanthone
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3-isomangostin, 3-isomangostin hydrate

1-isomangostin

1-isomangostin hydrate

Mangostin-3,6-di-O-gulcoside
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Hydroxycinnamic acid 15.09
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AuNINveI v ndeu lngdn1sinddsuntadlagdaddsy (W) nsauearaidn
USunalnaiuea warUsuunsanies nuinlsunansaanseduinlusegsnnaslss 95
=~ = a ) P2 a aaa  a% Y oA oA
gemwallua wariigaugll 75 ssrwaldvaaglviinmainufiseduinatosian uillle
o = = & v 1 v ! aa = < =
AilsdsnaeirnuUasnsdsiunig wuil aaumgii 80 ssmwalluaduanisivunzauly
= 3 = @ o =~ Y
nsgetnusudeungamszuasniouagliinaunnifsiuiy
Santhirasegaram et al. (2015) Anwin1sereuinsalvnatug lnensniaaelss

Y a = = a a2 o P a = !
NYUNNL 90+1 a3 ILgalRed LUULIAT 60 U Lﬂ‘Uiﬂ‘U']VIQﬂJ'Viﬂull 4 99ALgaLIYd WU

9 Y
v a

naaN1sMIaRelsd AunmAIuRatIngl linuduiugdunsd ladnesu welslawuaiise

q

gaduars dmiuaunmaueil nuilSinaualsiivesduazUsununsaweanainanad us
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U3uas HMF Wiiudu dhagsasfiiiunssuiunismaiaslsd flongnisiusnwininnai 5
duan

Topalcengiz. (2019) Anwin1sinuanisliArudeud imunzaulunssuds
wsfiweslutuald Ineldgamgdfl 7141 ssaneaidoa \Hunan 6, 12, 36 wag 48 Jund
wuigamndl 71.1 ssrnwalda szeviaan 6 il ilsanetiazanansnanUIun £ coli ld
5 log cycle wigsmanuEe £. coli Wuienfuszeznan 12 3unft wndiunannisliaiuteu
Hu 36 uaz 48 Tunft alaimuidle £ coli

Wibowo et al. (2015a) Anwin1sandetuzaing 7 g0 (C, Ahgso, AAsg, CA, CA+
Ahoso CA+ Ay WazS) Wialaslsdrigamnil 92 eseniwaidoa 1unan 30 Jundi 1usnwd
gamgd 42 ssmwaieoa 1dunan 0, 1, 2, 4, 6 way 8 dUa1Y TLAsEin1sIUA BuLUAS
ARNNVBIE Usinasimna USunaheadspace oxygen Usunaianiiud Usinafurfural way
USUUHMF wansnaluiuiuudnaeaunamans maﬂ'wmmmeﬁmﬁﬁwmmamﬂqm
wasnfiusnwla 8 dUavi nuegluszauanuwansdlnesiudaiau (AE* > 6.0) uaz
aonndenuUfisenduduaud Usnadmiudluwsazans vdanisiusne 8 dUani 4
USnauansneiy Fagns C SuSanannniige wazaenadosiuUfizensusiunils

Wibowo et al. (2015b) Ansmssindethdudemsmaiaslss faaumgi 92 asem
warda 1unat 20 3undl Anwransiasunlainunwluszninnisivinwiigumgl
20 uay 28 arnisaides [uan 32 dendi gamgdl 35 ssmwaides 1Hunan 12 dUnm
uaziigaumail 42 esmiwaldea Wunan 8 dUa ﬁﬁuwi@mmwﬁqﬁu AMiLeY Usuaunse
vievae U3ananseduvsd Ysunasiinna Usuuheadspace oxygen Usunadnndiud Usunu
furfural warUSUIHMF  wassealusliuudnassaaunamans nudusuiunsnlnawas

nalraiudu denndaadvuiserdudunud USuaglasalasuTuiadnniiudanas

aonPaenuURisedusiunils
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uni 3

A5A1LHUN5IY

3.1 ngAu A3eeda wazaunsal

3.1.1 Inghu

- fmpudidonudendnain Us¥m Greendeli Foods Co., Ltd

- Udzann (RO)

3.1.2 @150

- 1nau

- 3M Petri film

- 2N Folin-Ciocalteu reagent

- Na, CO3

- acetale pH 3.6

-TPT,

- FeCls

- DPPH (1,1-dipheny(-2-picrylhydrazyl)
< BHT

- Trolox

L-ascorbic acid

methanol

- ABTS (2,2’-axino-bis(3-ethylbenzthiazoline-6-sulphonic acid))

3.1.3 iAseilanazaunsal

N & a o ¢ a & a o ¢ d' & ]
AT DINNY DN N EUN Lﬂﬁ@ﬂﬂNLLa%Lﬂﬁ@ﬂUﬁi‘ﬂqNamﬂm"mLﬂﬁ@ﬂ@ 1UannaLy® (Eu

MicroThermics UHT/HTST Model: Lab 25 EDH HA Research Usginaanigaiisni)

- YALA3 BITNINANUINAL] On demand Lego-Liked Beverage Processing System

(US®W Patkol Usewmelne)

HIGH PRESSURE PROCESSING(HPP) 30L/600MPA
\esuniBenuds Air blast freezer (§1 COMPACT Freeze 8o Patkol Uszineilne)
Freeze storage (U3¥0 Cool Innotect Usginelng)

\8u showcase (34 SPA-0903D41A fie SANDEN Uszineilne)
uhenudauuunndiu (u SF-PC1497 Btfa PANASONIC)

eBe 2B
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- 1p3esTaaniings (Ju PFS-FA50 e brother Usginelne)
_ 3esuennntuals (3U Philips Advance Collection HR 1922/20 A Philips)
- in3esTnnTumiia (Sq'u Bostwick Consistometer 8% CSC Scientific)
- 1A3040d (3u ColorFlex, Hunter Lab Useineanigaisini)
- 1p0edaAdnea (U UX3200G Bt SHIMADZU Uszwmadiiu)
- Lﬂ%‘laﬂ pH meter (S;u S-610L, Peak Instrument Uizmmau%’gam%mi)
~ 1A3e3 Pocket Brix-acidity meter master kit (q'u PAL-BXIACID1)
- DIWANYUIA 200 GRS
- DINAUAULAE
- vilpAuAUIAE 38 803
- NTLYDUAUAULAE
- VI
- penseile
3.2 NSATENATDENS
3.2.1 M3LA3gUAI819ileAn Puree
Fregasiann puree gosfi waululasinismsuUssuiiisyanidigaueslssany

AULUULIENIS38US FACTory Classroom fepnafildlunisin3eudiegnilinnidudng

9

(Y]

nsauasan (Jeaegn) ganiadenm U w.a. 2564 31NFIVANINENAT BILADVAIEIU FINTA
yums hiuvssduisaunidenudslng UTEm n3ued flad 91n (GREEN DELI FOODS
CO.,I_TD.)mm’faﬁmummmwLLazmmgmﬁuaqiiamuﬁumuLﬁ'amﬁﬁauﬁf FACTory
Classroom smnuaidusiang puree 13 uarnazaned awan autidonuds vuildand
gamnivedlaliaumvgivesiinmiu 4 ssawaifeod naufgniiazaisudatuin RO
Shsrduidetinadei fio 2 : 1 sniefinendenihldedousnnn udnhdnedléan
\ipausnninunnsaslunsyveuakauaaii oo nauiuda aniud unaudendonaudd
ansiEaseulusia 360 seudeundl Wuna 15 Uil asaaeuySnamesudeiazans e
ogflut29 10-12 “Brix A1 pH 9g38Wine 3.39 - 3.72 UssTlugeanfiiunvuin 10%15 G2 Tneds
wiingeas 2 Alandu Mewndesdsianea 2 duns Jandingeiieieiesda uhdenudede
1303 Compact Freezer iutian 120 wiit iAvludusifonudsgamgll -20 ssaivaldea

a = o ' o ] =
5']8@3Laﬁﬂﬂqil’ﬁiﬂiﬂm?aﬁﬂﬂﬂﬂﬂ@ puree nﬂmum@u LLﬁﬂQ‘l'gﬁUﬂ']WVl 3.1
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(i) LAUSN B UV DT

AN 3.1 NEUUMIERENRIRE1ElAn puree WHEDNULYS
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1

3.2.2 N15LM38UAIDE19NBUNISTNELRB L5D

Wdegnalinn puree usazanglunafioamgiivies (25 esrnwaidea) Wuiian
Ladgnnan 3 Tl wselvligaumgidiegeliiiu 4 esrwaded earaeudingedann
puree wildnfionau wazunanianusisouluiin 360 seusiownd uvian 15 uit Awunw

gaungfinistunavldliiiu 10 ssmwadea dudndegdluinamunin & Usuiamewdad

'
a

azaneld pH wazUSuauderdunidsudiu dwuandyiiade 3.4 nslesginun e

Y

fepannaivelsd

MWN 3.2 NBUIUNSWSENRRENTIRANaL Dl

174
o L

3.2.3 MIAsENUTTINMTdmTUUTIUNLlnn

vss Al ussgseaelunsfing fo vanuia auia 100 Tadans thdnda
917 dusun1snaaedluseauiesufuRnig wag vIauia vuin 180 Naddns l1dnddnes
dmsummaasslusyaulsslszans yanuazendisa1sazans (Peracetic acid ; PAA) ¥
Aty 80 ppm adlilaisindt 15 wift 1wg1vIn ansazaneeen LA U AT BT

1R8TS18aLREANITYINAMUALDIAYIN AININT 3.3
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PAA*

4 N\
[ 14A5D9 ]—> WA
|\ J

!

4 N\

ansazany PAA

LT 80 ppm
\ i 4
r 3 e 2

A590 20 NAdaNS YR
L J \ J

v

/A, A 'd N\

Unaagiagn ARLiel
\\ i J \ J
4 BN\

Wn 15 w19

\ ¥ i J
4 \

WdNSazangann
|\ J

v
4 \
PINVIIAINUAL DA

|\ J

AR 3.3 NTTUIUNITHIAINELIAUIN

*PAA = peroxyacetic acid (waalniln fLod 658)

81994

H. Gawande. 2013. Peroxyacetic Acid: A Potent Food Industry Sanitizer. Indian Food Industry Mag. Vol. 32 No 3,
p.26-30
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3.3 msfnwgamgiilunszutunmswiamalsddegunmuatnsing
ﬂ’]iﬁﬂmﬁﬁ’;’mqﬂisaﬁlﬁaLﬁaﬂqmwgﬁﬁLvm’waméi’m%’um'ﬁwlawalssﬁﬁfwﬁq@mLLaz
Wisuisuaun nseninmsiusnwssgumngiutiidu 4 esreades 1Ouszeiian 8
dunvi nmanaaeuldaamgiinismanslsd 3 sedu A 75 85 way 95 asmwaidua Lula
15 3unfl fhensruIumIussaou AnsiTuannneioaiinn puree uansluviade 3.2.1
nszvauNsAnwINIaslsdliag ot ondndeiiadesf uuaz a3 osusgran sl

\A3panuUannLtie MicroThermics UHT/HTST Model: Lab 25 EDH HA Research 1a3essiaos

&

a

MSEUAULUUINEN15S8US FACTory Classroom fegaiianiunsnaiaslsdniugamgl
AfmMuUALT UsTRTeunaungil 75 Berlaldya AR ULIAT 90 AU unangungll
] < % 'y} 901 @ = a v 1 = Ql [ U e‘d‘
989Ny ulloaumaiiiieg 4 ssmwaldud $unsIvinaunaUavA 0
LaznTIRinAuANIE RN U BINdUaviroliesauAsy 8 dUa NszUIUNISANYINTT

NELADLTD LAAIAININGA 3.4 HEUNITNABDILEAIIUAISIN 3.1

l4AA puree - avany
v
IIAGH
v y
gl 75 s Lealdea avgil 85 verlwaLdea aaungil 95 DerLALBYd

| [

VTN 75 Deraalled |« I 100 fladians
Uneh AInluia) 90 Jundl |« thandau
y
anganNnll

Wusnwflgumgil 4 saaneaided

M 3.4 M3fnwgamgilunssuiunismavelsdsenunimeesintingg

dl U dlﬂ & 1 g L4
19190 3.1 G]’JLL‘U5‘1/1ﬂﬂ‘t}’ﬂ‘UﬂigU’JUﬂ’ﬁ‘W’]ﬁLQ@I?‘ZIW@QNJWW‘U@QH']MQQ@

JupDU AUs YIWALTEAU

75 2IALYALRYE 15 U7

nsNIELBlsd gauiginsniaieelsd | 85 samwaldiua 15 3w

95 DIANTALTYE 15 U7
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SRR
S

i
fF
I'/

(e) angang

e A

(9) 993 TnANNNTIARTEN I LAUTNY

q

A7 3.5 Tuneunsinygamgilunszuiunismanslidsenmunnvesindine
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M990 3.2 UHuNINAaesdnwgamilunszuIuNMIIaRelsdrenunMvelien

AMANTIALATIZY I1UIUVIA
STAUNIINIALID LG 75°C 85°C 95°C
§5ﬂ13mmaaq Repl Rep2 Repl Rep2 Repl Rep2
1.8
2. Usinaesndsiiavaneld
27 27 27 27 27 27
3. pH
4. UINUNIATIU
5. NN 54 54 54 54 54 54
6. USunaugdunsd 27 27 27 27 27 27
7. negeunaUTEaduia 90 90 90 90 90 90
594 (1,188 v2n) 198 198 198 198 198 198

3.4 m3nngiauniwvenifinaniaivslsd
thiifseadiunisnaaelsdudniuinyiludifuiigumnd ¢ esmiwaibea 1l

Ansrziamnimsng 9 liun & (Color) Usinamesudsiiazanelsifavmm (Total soluble solid

; TSS) pH USunaunsnsau (Total acidity) aaumntln USNqaunsd wagn13naaauni

Useanaung

3.4.1 & (Color)

o w ! S o Pt i S o ¢ o ¢ 1 v a v
UWWUBUWQUWNQQQWWﬁLﬂaiisﬁmLﬂ‘Uiﬂ‘t‘ﬂ NAUAVIN 0 hagdUn11ing ] 1NdNY

v A

1A30930d (3 ColorFlex, Hunter Lab, ansgoi3ni) lneldsguud CIE L* a* uae b* Heind

(%
o

I 3 T LAYAILIUAIANUBANAIYDIFNINUA (AF) 3MNAUNTS
AE* = [(AL*? + (Aa*)? + (Ab*)AY2 (3.1)

Tag A1 L* Ao A1ANEINg (L* WAy 100 ABEY17 kay L* iU 0 Apds)

' % 2 A A a0 & | A A A AN &
A1 a* A AELAY (LHaUAILUUUIN) LavA1d@wed (Wadatduau)

v
I & o a

' 2 LN oA A a1 & A a0 &
A1 b* A AE@LWADY (WalALUuuIN) LazAdlINY (WadAduau)
AL* A9 AAULANANNUDIAT L* SEUINIHNANNUNEUAN O hay

FUAYARNY 9
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Aa* AB ANPNULANANNYBIAT a* SEUINNANNUNFUAMN O ey
dUAMAEN 9
Ab* A9 AIANULANANUBIAT b* SEMINNANNUNEUAT O Lay
dUANMRIN 9
< o v & .
3.4.2 YSunauvaandanazaalansunun (Total soluble solid ; TSS)
Ursaeg1udinaniaaslsdinuuiaveswd s azanelaianuad o3 o

Refractometer 3u HI96800, Hanna, Romania WALYINNNTIATIEAVIINUA 3 90

3.4.3 pH

Tamewn3ae pH meter Sl Analytics, Lab855 USunnsgun3asdiodn setniasi

= =

i pH 4 7 waz 10 MnuuTaa1ANdunIaiwesiieg1s Usuns 10 Taddns gamglivies

InRI9819 3 90

3.4.4 Y3u1auninsay
WATIENUTUINNIATIIAILATBY Pocket Brix-acidity master kit 1hdag1auniienn

WA B lsTUITINMINAIBE19aE 5 NS NAUUNINAY 45 NSU kAIINITIATIEANINUA 3 T

3.4.5 A2IUNLUA
\a3sinAuuile BROOKFIELD VISCOMETERS §u DV-I+™ Pro Viscometer 14

Spindle LV-1(61) Tdiuinsanansoumaelsd

a

3.4.6 Y3urauqaumsd

51U AuN3glae38n15 spread plate Tagld 3M Petri film wila Total
plate count Bas uays thluuniigamgil 37,5 ssmawaidea unan 48 $lus tuduu
Taladily 3M Petri film fioglugas 30 =300 Taladl wdrdwou faauntsil 3.4 81s8any

msgIunanfueiyuey 1lne 1452/2554

Fwulalail

Xuvlawesnisideans

USINauRAuvse (CFU/ml) = “nows (3.4)
! Ysnausnegns (ml)
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& £ '
3.4.7  Usurauansusenauiua anNaiuaALasansvaaIs lunauf uauua
9 99U

9652 (Total phenolic compounds and antioxidant properties)
Usinaasddynauansusznoufluedniianan Seseiusinuassznoufiuedn
ﬁ’jmmsluﬁ’lﬁﬂ@ﬂ 7875 Foline-Ciocalteau (Chan et al., 2009) IngdasizsidseuLfisuniu
A15aTaNgNINTTIUNTALNATA wanwraluie ladnsuauyaveinsaunadadoUsuns
n153As1gAua N Talun1inatgeuyadase DPPH #3835 DPPH radical
scavenging lnediAsnzvinilesiduslunisdtueyyadase (% Radical Scavenging) way
AaszIeuiisuivansazanegnnsgiulnaend uwanwalumileliadnsuauyavedlnasnd
#aU3N1M5 (Chan et. al, 2009)
N15ILATIERANANTLUNISI AT BTSN AI83D Ferric reducing antioxidant
power (FRAP) TnefLasnzviSautieudvaisazaieninsgiulnaend (Chan et al, 2009)
wanswalumize adniuauyavedivaondsievmdnus
msinsruasnsolunmsduaisiiveyyadases (Antioxidant capacity) 1ng733

ABTS radical scavenging activities 1111301329 19N 8LATDY spectrophotometer M1ALETY

AR 734 Wwilues WeuiuasagalsunsgIy BHT, Trolox, L-ascorbic acid

3.4.8 MsUsEliumeUsTamauNe

msuszdiuneUsyamduiaiilinamanelsiseds 9-Point hedonic scale Tngld
FnageuTlsunsHinsuLds (Trained panelist) §1uu 15 - 20 Ay MHinasinziuy 9 vanefs
YouTlgn uavaziuy 1 wneds ldveuinniign Yseiliunsvedeu 5 su léun & ndu sand
doduia uavanuvoulaesi inusinsdaAunaniannaouLdas Aoy 7 6 AvuuL
Wisuiuiesefiiumsmaiaslsdia 3 gamgd lunsvnaetiiadesdosifldanmadu
3 nane wazying wiazduaiuwsaniulunvuy eulidaiu wazdndu 1 deg

nsUspunalssamdudaluseaulsaUsean 19385 9-Point hedonic scale sy

35 Difference from controliﬂﬂgmwu%ﬁ% Difference from control 71 b agdin15La59

-

dhregradudnn 2 st afausn 1ESWIFRE Control 1w uaslviFauiinunsfinduuda
USudnuwazdusie q vesnanduel Wilandu 0 andwdsiiegrmai 2 Tneisods
Unknown control fegaiiieudl 1 wagiegraiiud 2 lasldswa 3 nén lunisuninde
fregne ntuligFudfussduresdnuasdiudng q leisutueuddnlunisfunda

Control 91nASLASNATIN 1
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3.5 NM5AATIZIN9EDR (Statistical analysis)
ATeildununismaasawuusinvedeafiugy (Full Factorial Experiment) i

Anwinavelansewesienmnniisnanavelsd lnaldlusunsy SPSS 26.0 dmsusyuy

q

[

Windows (SPSS, Inc., tilas¥a1ln, $38aduaud) LiladtAs1erini1uwlsusiu (analysis of

variance ; ANOVA) wagl435999 Duncan (Duncan’s Multiple Range Test) WowSeuiieu

ANNULANANVDIANLARNTEAUANUTDI 95 1S LTUs

3.6 MIAnwINTEUIUMIWIARelsfhisnalussiulsssans

MRl ingusrasdiftofudunanssuiunisnanansyduesufofinisdusedy
l5aUszans warAnwsUwuun15UsIRTINAUTtauTTAiu Ao V339RIeTsuTIRiou (Hot fill)
AI8UTILA NI VIALAD LazUIIYR2835UTINIY (Cold fill) sreussymaivim PET
(Polyethylene Terephthalate) miﬁﬂmﬂizmumawwawaiisgﬁwﬁmﬂiuizéﬁ’uiﬁwﬁzaaq
Hunsvnesgiumswananmdsnmananliiu 60 Ansedalus Wuruin 200 Ansredalus
ﬁamgmﬂ%ﬁﬂi On derand Lego-Liked Beverage Processing System @auduiadesdnsd
ponuuudIviURTTUIIUNsHAnnallasusasTasuansssazL S uagaiaTosdns il
AANLIN N HAN1S AN TEAULIIUsTaRu v lignIuaznTsuIuNISHaR nseuIUNIsUsEAY
ANNIN FunuMINEs Brgmsiivinu wagismsvuddlugiuslonogiavnzan el iy

£ ) o/ a N o

YOUAFINTUNIZUIUMTHARLUSEAULTINIAITE ASEUIUNTSANE) Haaill

3.6.1 ATZUIUNTLATUUAIDEINLIAA puree T2AULTIUTTABY
N19M3EUFIRENETAN puree WSEaELGIEITUTITE 3.2.1 TngduSunaunswiey

ATIaE 300 Alansu (150 §9) MUFREINAINUTZNOUAINTINN 3.3

A15199 3.3 dauUsenaunann

. UTENTINAAD3N
daudsznau % Batch .
AU
100 450 nn.
1. 11N909 33.33 150 nn. FACTory Classroom
2. fapautidonuds 67.67 300 nn. | Greendeli Foods Co., Ltd

s Y
3.6.2 N3zUUNINELRlsgszAulssUsEaDY
nszuUNIsHIaRelidseaulstszany TudINISHER 250 05 Uiaag195linn
puree unslumaiioarareduian 3 Halus Willoaumgiliiu 4 esrwadea Weavane

Juhudunldaniionauuarlunaulaadalunmulunailidsing 15 wiil fuungaumginng
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wolsd 85 osmwaldea Wunan 15 3undl warusseudigumgil 75 ssrwaidea Lile
paungiiadosnaelsdldmuiitmuauds videadndeuan 350 dns Avungumgily
fawaulsiiu 10 esmigadea naonnissnide iemamelsfiataudvhnmsussginigausd
agmsvnassadlurInuivung 180 faddns Ynehdnendnd advam Wunaredeies 90
il ihlvangumgfiaseduniniwnonisuddainiu Wemedrahigaiuadimidages
TudifuiievhmsfnwongmisiivinuszaulssUszass nszuaunisdnwinismaiaelsd

WARIAININT 3.6 AT NINT 3.7 WHUNISNAADILAAILUAITIN 3.4

[ flsan puree ]—-[ wiaalsd (1)

-

U35930U (2) 4—[ 1IN 180 Aaddns J

.

Umeln (3) 4—[ tdnd ]
v

ATIAAYENYL (4)

'

= 1 =]
aAgAMNIDL 1IN (5) ]

v

uSnwLiy (6)

= = & v 9
AINN 3.6 miﬂﬂH’]ﬂizU’Jumime%l’i‘?JLLaSUiiﬁ]jausLU’iWUI‘J\ﬁJizaaﬂ

[ T9AR puree ]—»[ wawolsd (1) |
7 )
[ ussdu (2) 4—[ w0 PET 200 fadans ]
7 )
[ Unr (3) 4—[ swanadn J
7 )
[ iusnwLiiu (4) ]

a =2 s < LY
AN 3.7 ﬂWiﬂﬂiﬁﬂigUUUﬂﬂﬁ/\ﬂﬁWali‘ULLaSUiiﬁ]‘LﬂuIUiS@UIﬁﬂﬂiga@ﬂ
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[ TaAn puree ]—»[ wiaalsd (1) ]
v
[ ussLu (2) ]4—[ 0 PET 200 fadans ]
v
[ Unarn (3) ]4—[ Hwanadin ]

[ Wushwudu (4) ]

v

Tganuduge

600 MPa tiurian 10 wndt (5)

v

[ Wusnwdu (6) }

AWH 3.8 nMsAnwinsyuaun1swaaasliduazussduTiunmsldnnudugdlussaulsUsyans

(%
C

M13197 3.4 daudsdnwilunssuIunIsAnwnisniaelsdunlinnluseiulssssass

JUHDY AU PIWALTEAU

U3I93BU 75 adALuaLded

\ USIEU 4 DarngaiFea
n13U339 (2) DUNNNNITUITY ) i .
ussdusIniunsldnly

(d) AdvInAIRaUAA



a

(e) angaUngil

Y

(g%) ussgusandunisldnnuiuas

-

e ¢ lmgluanmiznmsussedusaudumsidanusiuas

MW 3.9 TusBUNITANYINTEUIUNTHNAREbsTulignluTeauls s ans

M19197 3.5 unUNIIRTINEeUYsEAUgumMmhTinnmaeelsdlusziulsUszans

25

° o Sl A
ZAN98SIINNS 1949079 11D

AuAWAAATIZY I1UIUA2EN (V20)
9MUYINITUTIY U33938U 75°C UsIiu 4°C usIdu 4°C Taufiunislinnudiuas
600 MPa 1Juian 10 w1l
Pafiguiiegns | W | nans [ ve | | | vhe e nans g
1.4
2. USnasuaguds
flazangld 27 27 27 27 27 27 27 27 27
3. pH
4. Yunaunsnsu
5. AL 45 45 45 45 45 45 45 45 45
6. Usuauqduvisg
3 81 81 81 81 81 81 81 81 81
Vi
7. NAFBUNN
o 9 | 90 | 90 [ 90 | 90 | 90 90 90 90
Uszameaduna
FIUUTIYVIALAD
243 | 243 | 243
(729 v2n)
3IUUTIYUIAPET
243 | 243 243 243 243 243
(1,458 v2M)
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v
6 o

M19199 3.6 IufUHTRuNsAnyInsEUIuNIERelsdilnalusEAulstUsEans

duau LU TR wiii

ARHIAGI 6 AU TNUNUNITHARATUANNITHER
Wantl Staff W@

Staff wan

Staff wan

Staff wan

Staff Wan

AIUANLATBITNS 2 Ay HATUANLATBIINT

AAIUANLATBNANT

ﬂi%fqﬁAQMﬂ’]W 2 AU AN UNITNANFDU

HNAgeU

3.6.3 n1sldArusiugesuiunisussadiuianisausuaIvis

ihilsgawiaaelsdfiussaibugnuuandu 2 dau dausnifusnulugiburuings
U539 duftsesiluiiiniesnnuiuganianiiy 600 MPa figamgfi 4 ssrwaidoa Wunm
10 Wl LLazﬁﬂmqmmwmé’amsLﬁu%’ﬂmiwﬁuﬁaaﬂwqﬁwﬁqqmﬁmﬁﬁau LAz UTYLEU

1 a
DYNWLAYT

3.6.4 MsUszifiuprgnuineninfinanaeelsdluszaulssszans

‘vﬁﬂ1imini’mQmmwﬁéﬂﬁmmwmwali%ﬁ'Lﬁuluamam%mﬂé’ﬂmﬁlﬂumm 9
dUnii (Feansbindnstusifiongnisiiusnen lddounidn 8 ddnnd) leun qauninaiu
MEAT A9 8 (Color) Ustnumasudefiazanslaanua (Total soluble solid : TSS) Auvila

AMNNAIWAT Ao pH Y3uainsasiun USuiuaisusenauiluednyiavuna(Total phenolic

a

compounds) gVisYeETlUNsATLBYYadaTE(Antioxidant properties) AMATNANUAAUNSTE

wazAMANNIUsTAaMAURE Lnawin1sUsziiuengmaiudnunaniuriazdeslinunin A

o

= a (% ¢ U CY ! v 6 L Y
#1919 3.7 NARAMINAEVINN1IINRdaUNINUsTamduialuLnasdUuaiazaeelasunNanis

a 6 a ¥

ATIAUN NI UAUNIITeUTRENDY
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1%
£

M19199 3.7 38aztBununsgIuTenaniaindinaniaiselsd

NINTFIUNNYAIN (Physical Standard)

& Color (L*a*b®) L* = 47.77 - 51.65
a* = 13.83 - 15.89
b* = 14.50 - 18.84
AE 7.00 - 11.00

U3uunse (%Acidity) 0.28 - 0.38

AUNLA (cm/5 s) 20.3 - 25.8

1NN 19Ail (Chemical Standard)
pH FEWIN 3.39 — 3,72
Total Soluble Solids (TSS) (°Brix) NI 8.9 - 10.4

a ¢

UINIZIUN99aUNIE (Microbiological Standard)

Qéuw‘%éﬁwm L3ty 10,000 lalatl/fNedans
1alaiuaa) sotlinuludleds 25 Hadans
amillarensa eoiSea #198n1 10 lalatined19819 1 Tagans
UI9aaa Tisea laitAu 100 lalatinosnegne 1 dadans
pADaR AL LWeI W3 LAy 100 lalatinedeene 1 dadans
datvelsy uouslulniiug nodlanulumeeis 25 Tadans
Tnavlesy lnegdSiduiidu Uoenii 2.2 Aesied1d 100 Aadans
loalve3ie lnla soslunuludlegns 100 Jaddns
Januags #pana1 100 laladl/daaans

* MR sEIU Unv.1lsnn 1452/2554

NINIFIUNIUsEEMFUEE (Sensory Evaluation Standard)

& (color) laidasnin 6 Avwuu
nau (flavor) laidasnin 6 Avwuu
5a%1% (taste) laidasnin 6 Avwuu
dleduda (texture) laidasnin 6 Avwuu
ANurRUlnsIN (over all) laidasnin 6 Avwuu
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14
o L

3.7 myaszisunuluniskaniidenanianalsd
mnnesidumulunsdaiifmemanslitinssiannszuiumandlused
Tsaszass InsTinsedenldarelunissidunisndaindinamainelsdanduyuiuuys
(Running cost) Inenduduiliisadesfunmsmaiaelsd iitelwldudsfuyud ssiuveni
Fepaniaanlsd Usenauluaae A1Tngau A1UsIRAMe A191945991U ATl wagen

Manufacturing overhead
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un 4

NAN1ISATLUUNI5IY

4.1 wan1sAnegamgiilunszuruniswiaslsdrenmninvasundnng
4.1.1 wansanwgamgiiniswiaaslsdrenmninvasidisnaneunisiiuing

Wlnemavelsdnagumgil 75 85 uay 95 asmugayd Maan 15 Juil usseseu

9 Y

a a d

85 sy gaidad Al 90 Wil uavangunnTed1951A57 ANAIMAIUNIEATN 1AT]

U

Y [

aund warUszamduda ndnismairelsdillolTeuiiisunnuuansisvesiidinnan
wandlun1sen 4.1

a

A15197 4.1 pauanvesiilinamaelsdiigamall 75 85 uaz 95 srmwalluaneun s

U

ASHENTU (WL.)

Not Detected

Not Detected

Not Detected

NN
anneni1sudn (°C)
AN —
hilsanan 75 85 95
L* 45.75+0.22 52.07+1.09° 53.84+0.41° 54.06+0.542
a* 15.5+0.30 14.85+0.70° 13.69+0.36° 13.70+0.19°
b* 20.75+0.33 16.22+0.62° 15.60+0.61° 15.11+0.57¢
A E* - 7.80 9.75 10.20

Not Detected

AUMLA (Centipoise) 3358+389 4891+20612  4744+1809% = 4934+1662°
AUAUILUY (Density) 1.01+0.00 1.02+0.01° 1.02+0.00% 1.02+0.00°
ALY 3.61+0.01 3.63+0.02° 3.61+0.02° 3.64+0.02°
U%mzwuaal,lﬁaﬁy’wmﬁaza’m

9.78+0.16 9.67+0.16 9.72+0.14° 9.72+0.17°
161 (°Brix)
USunaunsnsiu (Total Acidity) 0.18+0.02 0.17+0.012 0.18+0.01° 0.18+0.00°
TPC (CFU/ml) <10* ND ND ND
gam (CFU/ml) ND ND ND ND
51 (CFU/ml) ND ND ND ND

v @

A8 NYIN1YIBINO WA

AMULANANI UYLy

d1Auneans (P<0.05)

| Ao

TndvesdeyaluudaztoinsenukuIeuiwanaRiukansInduand
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et 4.1 efinsunulsuidisugunimmanmenn nuithdeenaaelsd
flgamnigeduiinaeranuunniavesdviun lasranuuandesdiouaiudsunlag
AINAINTULTIVRINITNABLSE iU 7.80 9.75 wa 10.20 muaIduamngil dennded
FUNAN15NAADIYB4 Lee and Coates, 2003. 71%i1n15Anw1gamgiinialaslsdsonis
Wasuuaswesdvesihdiniauds wuhmmuuandeesdianuavesidiniaudena
elsdfigangd 90 ssmneadea unat 30 Juniiisuiudwaldanilildwaelsd
WaBuLUaslUWRY 2.9240.97 (P<0.05) asulddinsldanudouduinalsidnarilia
ArukanTesEReualiAtgedy mausndundinaelsd gumafigilifinadenisuendy
vosthilsnamnaaelsdluiud daumrammmie wud SeRutumugungifigadu wilis

1 1 N v o aa ~ Y o [ 1 d‘
AuLANaegitudAneadia (P<0.05) esnnuulnaluuvasesansiulawsea e

[ 2
=2 =

ANUTULIIVRININALRLsgaed Anavihiienslulamsnduniinanniu (15e1, 2539) lag
wuhilgamadl 95 ssriwaldea eeuminuniian uastlsananiiinanudunintos
.

Fofinsunisuiiisugunmmisaiivenidfinanianelsd Aonmgd 75 85 uas
95 DaALYALTHE 1781 15 UM WUAINLeY AinnaeiusgstitudAyneans (P<0.05)

USunuresudsnavnaiavalels (°Brix) Sanluuansreiuegrefivedfanieaia (P<0.05)

wazUSuunInsu Datliwanansiusgeiitd 1 ANI9EDR (P<0.05)

]

P2
a6 A Y

N = =~ a = & a av« =
WeNsaUTBUBUAMAINIRAUNSE AeUTunaTeaunIdiavun WazU3una
gan 51 velinnmaLelsd Mgamll 75 85 way 95 sdrwaldya L3an 15 il wuind

USuandeadunigvanuatosun LiAuNInsgIuNGndael gusureadnlienn (Un.

v 1
N 6 o =

1452/2554) Taeiusinaudeyduvsdviamuaniulaliiiu 8 Talail 1UeangULUUMIMALLe
sl dgaumnligatuaunsavhasgdunsdlanniu dasmuldindegamginisniaslsd
a6 !

t:ll ‘5 a a a1 1 1 % 1 a a (3 a t:l'
mqwuﬂimmﬁgaumaﬂamﬂ uadAldunnateiu d@iuusiadaiuass asanuludsuian

$9811N
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M990 4.2 punmnalszamdudavesifinemanelsdNonumall 75 85 uag 95 99

WaldEANoUNISAUSNEN

AnNNzN15aTe

QQJI]’]W p—— P p—

75°C 15 317l 85°C 15 31l 95°C 15 317l
a 7.33+1.05° 7.13+1.25° 7.67+1.112
nau 5.80+1.52° 6.27+1.79° 6.00+1.60°
SEUR 7.27+1.03° 7.40+1.40° 7.60+0.99°
Hoduia 6.00+1.84° 7.00£1.77° 7.07+1.87°
AMuUlAYTI 6.33+2.29° 7.53+1.13° 7.20+0.94°

Y

Adnwsnwdinguiiiiduanaisvestoyaluwdazyowmsnuuuiueuiiunnaeiuwanainduaid

AMNLANANAUBE LA AN 1SeDR (P<0.05)

oM IaHanIagaunIIUsza mdulaveslsnanavelsd Naamall 75

'
¥ a a

85 uag 95 9 ALTEA L3an 15 FWT WudIRMUNRUSEAMENNEAWE ndu savR Lile

v v |

duia warANUYoUlaLIIVBIN 3 Fo81e lunnansiuegelidedAnaaa wiamnIn
aunduvesdenamaelsdi 75 esrigadualansuuuniseeusuannnaugusiaatey
N1 6 AsuY TgMNUANAUTINITNIUYBIAZRLLNITVIAABUADININNIMTOWINY 6 AW
lgAgLuUANNYTRUAUNAULAL AN YBULALTINTRIUNTIAANIaLRalsdN 85 asrwa Tyal

= i o e A & v oa = = a
AzUULNINTIZR Wilun1svegeuastillluiasnalieosiuna suwe U unavesg gl

waelsdnaunisiiusne

4.1.2 wamsAnwguuginswiawalstreaunmesniiigg ssniteaniaii
$hwn

HANTTIATIER AT 8NN LA AAUNSE wasneUsvamdudaveniitian
wiataelsdgamgdl 75 85 wag 95 ssrwaLTya Anan 15 Junil LiuSnwioumgd 4 s

wawdua Wual 8 dUavi wansluning 4.1 - 4.9
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56
75°C
[7] 85°C

95°C

54

52

50

L* values

48

46

et e g g, A

44

Len]
L %
M
(SN
=
Ln
(@)
~
o

Time (week)

AN 4.1 Ananuadng (L) vanhdspaneuniaaslsiioamal 75 85 wag 95 aamaaidud

Y
v @ W ) [ ¢ v W A 1 [ = | I =
nauAusnwLlunad 8 dUni (Aonus a b wag ¢ NLANANAY BUN8EIANNLANG1NDENI]
Hod1AgN19ada (p<0.05) Tulmazanzngluduaiifeniuy, fones A B uag C uansa
o = i | Ay o w aa i o ¢ al = Y A
flu nnefsruLanseRltedAgNsaan (p<0.05) Tuwsiagduninangdeniiu, A9

wanslunsn Ae ALeAE + ANTELUULINTIW)

NAINT 4.1 LT oNTUNUTHULTEUAMNIMNIIANEAINAD ANE L* (Lightness)

nu?1 dlspanaaelsdfinunisinusnendunan 8 danifiend L* liwdsuwdasain

o

¢ g £ A & a IS
dUmun 0 Iuﬂqﬂamazmimam IG]EJ‘IJ’]QNF’]GWIN’]Uﬂ'ﬁW'mLﬁ]@li‘d‘lf@m‘lfiﬂu 85 23ALaLYYd

a1 A

fiand L* wnfigaluszninanasiuinm
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20
[~ ; 75°C
Lo [ 85°C
2 i 95°C
v [
% 10 [
> L
%*
m I
5 [
0 [ 1

Time (week)
AWl 4.2 And a* maaﬁ’lﬂa@mdauwmLﬂ@iﬁ%ﬁqmmﬁ 75 85 uay 95 perwalded nauAy
Snwlunan 8 dUn% (F8nEs a b wag ¢ Tuandeiu vnefisnnuuanansegaiitodfy
n9add (p<0.05) luusiazanznigluduaiiensy, fdhes A B uaz C fiumnsnaiy
A MLLANeses NTTuddnata (p<0.05) Tuudasduawiianisfedy, i

wanslunsnn Ao ARl + AdeduunInggIv)

A =i a ) = = | ! go’ £
NN 4.2 Lo NN TUWUTIUNYUANNINTINNIEAINAD ANE a* WU U1enn
sal 1 @ o < LY fal 1 o ¢ | N v o W
Wiaaalsdrunsiushviluaa 8 dUavillad a* anasaindunmin 0 agelided Ay
Meadin (P<0.05) Tuynanmaznisnnaes lnsundenednunsmaialsdnaaumal 75 aeen

= 1A t:l' ! [~
bURALYHE WA a* NWﬂVIZ‘jﬂIﬂiSWJNﬂ'ﬁLﬂUiﬂH’]
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20 .

i 75°C

Lor [ 85°C

0 I 95°C
= 10 [
= B

*
% I
5 L
o L ]

Time (week)

a | A ' &l a P v &
AN 4.3 Ad b* Gummmamﬂ@uwmLfﬂaiiwqmwgm 75 85 L@y 95 99ALYALTYE NAAU
(v [~ (9 6 LY d‘ 1 [ = 1 1 a v o W
N lunan 8 dUn v (A0NYS a b kay ¢ NLANANIAU ANIBNIANULANANBELUEERTRY
N9adA (p<0.05) Tunmazanzngluduniifiensy, fenws A B wag C Auanaanu

= 1 ] a v o aa 1 £ n‘al' a £y 1 z-:l'
NUBAIMNULANANeE NHTUE AREDR (p<0.05) TulAasdUainaniztfvany, A

wanslunsi Ao Aedy + AdeLUuNInggIL)

A = a = d A oA ! go’ CY
NN 4.3 TR TUMITIUNBUAMAINNNINENINAS AE b* Wy dnn
cal 1 =3 < LY fa 1 A o ¢al 1 Ao o W
Walaalsgnrunsushv e 8 dUavilland b* anasnnduavin 0 egnelided Ay
Meadid (P<0.05) Tunnaniznisnaaes lnsundenpicnunismiaalsdnaaumal 75 aen

= N 1A t:l' ! @ W
LRk gd UAd b* MWﬂVIEﬁIﬁIui%WJNﬂ'ﬁLﬂUiﬂH’]
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75°C
F7] 85°C

95°C

AE* values

Time (week)

a

WA 4.4 ANANLEANAIYRIETIMNR (AE) Yesunlianteunalaelsdnaamail 75 85 uax

= v & v [J o 3 LR a | [y =
95 peAaLTud naunusnenlual 8 dUami (fdnws a b waz ¢ Awmneeiu nuneds
AMULANAD Y W TEEIRYN9EDR (p<0.05) Tulmaganzngludunmneaiuy, @A1onus A
B uay C umnaneiy vnedsnnulana e 19iidedAen1eeia (0<0.05) Tuusazrdunmin
anmeifeniy, Akanslunsivl fe ALedy + ANUBIULNIRSTIY)

(%
1

MAMNA 4.4 LEHBNINTUNUIIUMIEUATAINLANAT19UDIAN IMUA (AE*) WU 1N

jd)}

W
Tigpwnaaslsdnnunisiusawndunen 8 dUamidar AE* WiinandUaii 0 o819

)

WedAyneadn (P<0.05) Tunnan1iznisnaass lneudanafiiiunsneawelsdianmg

95 pernwalle Ja1d AE* unniigaluseninnisiusne
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11 -
10 F 75°C
R - AT
2 - T FA 85°C
- 9
o 2|
3 [ 95°C
(V] 5
v 8
3
S
S 7
e
2 6
5

Time (week)

a

Ml 4.5 Ausnamsandafiazansldvesilnpdeunaelsifigangl 75 85 waz 95

Y

1 U =

IS v s v 1 U ¢ s U v ~
peAga@ua nawnuinwluian 8 d&Ua (§19nws a b lag ¢ MUANANAY BNeianw
upnAegNltud A NEdR (p<0.05) Tuudazannzagluduamifenduy, donus A B
Qll ! U = | | a o o w aa 1 [ n‘f-:l'
wey C AuanANiy nuIeiausanaNegsltd A INEns (p<0.05) Tulsazdunmiv

a LY i A A J a ! =i
AnMIetngINY, Amlansluns v fAe ALRde + ﬂ’]LUENL‘UUQJ'WﬁiTU)

MNNA 4.5 WesiarsanilSeuiisumuinnesdsfiazatslivesidine (TSS)
nu?1 Wilsgeniawelsdnniunisiiuineidune 8 dUamidean 1SS liuansinsoed

AN I9EaR (P<0.05) AndUanin 0 lunnaniignimeaes
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02 -

Z 75°C

015 | FA 85°C

}\ B o

£ 95°C
8 01 L
T‘U L
46 L
L
005 [
C, B

Tirne (week)

a

AWl 4.6 ﬂ'f]ﬂ‘%m1mmmamaaﬁwﬁa@mdauwwawalﬁeﬁﬁqmvagm 75 85 Wag 95 deriwaLtea
vdafusnuidunan 8 #Unk (F8hes a b way ¢ Fuandsiu mnefernuunnsisegnad
Tedfanneada (p<0.05) luusazanzagluduaiiiety, fdnus A B way C fiunnsg
fu mnefsnunansisesnsiiveddumisada (0<0.05) TuusardUnifianngfioady, Ad

wanslunsn Ae Aedy + AdeduuInIgIv)

A A a = = ! a J 9; % o al
NN 4.6 LLBNINTUNUIIULNYUAIUTUIUNTATIU WU mmqmwmwakw

= o

! [ <y [ el 1 a 1 ' 1 o aa
NIUNSHUINYUUULAT 8 dUAIMUAIYUIUIUNTATIU VLlILLG]ﬂG]'NE]EJ’NZJUEJﬂ']ﬂEIQJ}V]'NﬁOG]

(P<0.05) 3 ndUnwn 0 Tumnanenismeass
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<L - =L -
LD_EQ LJ'_.U Omu :C'_;:C [T =alyTY] o <™

75°C
57 85°C

95°C

Time (week)

WA 4.7 A1 pH vesthiinaneumaeelsdiigamall 75 85 way 95 evrwaldud nauiu
o [ o ¢ v v ~ { [ = ' 1 SN v o W
Snwnduian 8 dUav (dnws a b wag ¢ NuanAai naneieruunnaseeaiitedAey
N9E0R (p<0.05) lunsazanizneludumiieay, fenes A B uag C 7Auanananu
= ! ' a v o w aa ! [ ¢ al = LY " A
meieaNuLAna e illud iy eEdi (p<0.05) luldagduaminanizidediy, @

wanslunsti Ae ALeAY + ANTELUUNIAIEI)

A A a = = 1 1 R eal [
AINAINN 4.7 bDNANIUWUTIUNEUA pH WU mmq@mmf\m%%mmumimu

[

Snwndunan 8 dUaitlan pH lluansnsegafifedAunieans (P<0.05) aanduavin 0 Tu

NNENIITNIINNGEB
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1.2
] 75°C
7] 85°C
0.8
> 95°C
@06
Q
(]
0.4
0.2
0 ]

Time (week)

AWl 4.8 ﬂ"lmwwumﬁumaqﬁﬂﬂmmﬂ'auwmLﬂ@lﬁ%ﬁqmmﬁ 75 85 WAy 95 paAwaLTd
vdafusnuidunan 8 #Uni (F18hes a b way ¢ Fuandsiuy vnefernuunnsisegnad
Todfnneada (p<0.05) luusazanzagluduaniiiety, fonus A B way C fiuansng
fu mnefsnunaneseensiiveddumisata (p<0.05) TuusardUnmifian1ngfioay, Ad

wanslunsnn Ae Anede + AdeduunInIgIv)

QII dl' a =} a 1 goJ U U L4 1
ANNINN 4.8 LN@WQ"I?NWLU'ﬁEJUW]EJUﬂ'J’]iJVTu’]LLUUSU@QU’]NQﬂ@ﬂ@qualﬁﬂ@ii“ﬁ NWUIN
sal 1 Y 3 o cal i | | | I a
@W’laLﬁ]@li‘?ﬁ‘ﬂmum‘JLﬂUiﬂMLUumm 8 ﬁﬂﬂqﬁuﬂqﬂﬁqﬂﬁuquuuvl,uLLG]ﬂG]'NE]EJ'NlI

V9@ (P<0.05) A1nduansin 0 Tunnaniagn1sneaes



a0

20
i 75°C
E |
e bt P 85°C
g [ 95°C
S 10 [
@ -
Q.
= [
18} -
o o
°c 5 L
9
. [
.
0 1 2 3 4 5 6 7 8
Time (week)

Al 4.9 ﬂ'wmiLL&Jﬂﬁ?ju’uﬁuaqﬁwﬂqdeauwwawaiﬁﬁqmmﬁ 75 85 Way 95 99ALYALTYd Y
Ausnwudunal 8 dUav (1dnus a b uaz ¢ Tuandeiy mnedsanuwansiisesid
Tedfneada (p<0.05) luusavanznigluduaniiienty, #onus A B way C fiunnsng
fu mnedsnuunneseeiiieddumeaia (p<0.05) TuusaedUamifianingfioady, Ad

wanslunsn Ao Anede + AdeduunInsgIu)

al' di a a a gj Qol U 1 L4 1 on
31NN 4.9 Weatiasuuseumsumswentuvestitaaneunianalsd wuii i

o F N, & o P Y] e P . P 1 o ¢ al
FamannataelsgAniunsiusnentuea 8 §UailA1N1shenTuLNNTLAINGUAT 0
py19luBd1ATYN9EaA (P<0.05) Tuwﬂamaumi‘v]mam Imammmwmumiwwawaliw

RIS 1 95 perwalded llﬂ’]ﬂ'ﬁLLEJﬂ‘lI“LJSJWﬂV]ﬂﬂI’UiuWJNﬂ"liLﬂ‘Uiﬂ‘l?ﬂ



A13197 4.3 AunN1gaRTsEvesindinnan ihdinaniawelsdfionmgl 75 85 uay 95 esrwalluasenininisiiuiny

Storage TPC (cfu/mL) Yeast (cfu/mL) Mold (cfu/mL)
Treatment
time (week) [standard <10,000 cfu/mL] [standard <100 cfu/mL] [standard <100 cfu/mL]
Raw Material - <10* <10? <10?
Pasteurized at 75°C 85°C 95°C 75°C 85°C 95°C 75°C 85°C 95°C
0 <10 <10 <10 ND ND <102 ND ND ND
1 <10 <10? <10* <10? e <10? ND ND ND
2 b3\ <104 <10% <107 <10? P hyod <10° <10? <10?
3 <10* <10 <10* ND ND ND <10° <10? ND
4 <10* <10* <10* ND ND ND ND ND ND
5 <10* ND <10* <10? ND ND ND ND ND
6 <10 ND <10* <10? ND ND <10? ND ND
7 <10* <10° <10* ND ND ND ND ND ND
8 <10° <10° <10? ND ND ND ND ND ND

41



a2

q

1NANTNA 4.3 e suUSeuiisuUTunandeydunsdvesiniinalunnaniie

nInaasdlusznIemsiusnEAmWILNATINIRITEIU un. iR 1452/2554

q

Week 0
7.13
. 5.80 6.27
7.53 -
Overall <».7 ~ Flavor
6.80 s\
-' \\ \
\
SR%
- A \
Ak
I"-.‘ A ‘.
6.40
7.27
Texture f
7.00 7.40
----- 75 — .. 85 a5

MW 4.10  AzuuuAITeUN U STAWENRave B dInaN sl gl 75 99
Rk 3 ) 85 DIANTATUE (— - —-) Az 95 DrFTaldus ( ) dUn1vi 0, A9

wanslunsm fa Anade



a3

Week 2
7.00
7.33  Color
8
AN
f;‘E s
I”' \\\
-7 "R 6.13
/’ g 4 \‘.\ 6.20
6.60 / .
Overall <~ (" . \,\ = Flavor
\ /
\ 0 /
\ {
\ \ P ’.'
‘\' ! l’/
\ Fte
\ 4 /
6.40 oL N 6.40
6.40 Tex’rm‘e) N et Taste 6.73
..... 75 — -85 95
t:' o/ L% %’ (% e‘d‘ a
ann  4.11 9"’]5LLUU?‘]'J'HJGUE]'UVIWﬂﬂiﬁﬁqmﬁﬂwﬁm@\‘iuquﬂﬂ@WWaLﬂ@lﬁ%qu‘WﬂuﬂJ 75 931
EIICi1d;  Cumm— ) 85 DIANTRLRLE (— - —-) LAz 95 DIFTaLTYE ( ) §Um9n 2, A7
wansluns v Ae ALRdY
Week 4
6.47
7.33 - Color
N
L
P NS
1, 2T
8 N\ Y 5.93
”:/ 4 ‘ ‘.‘?\ 5.60
6.47 i ,-r'"_. | N A
Qverall (\,. > \ \\\\ Flavor
7.13 \“\.‘ o'l | QLS ,"l{
' o
.\‘ \ i
\ '
\‘ \ :
6.87 \ VL S = 2y
\ STl T i / 7.53
6.07 Texture ‘Taste 6.73
..... 75 —_— .. 85 95
dl U U 90} o b’d‘ a
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MUUIATZIUNE RS I YuYUUTIRA (Y. UT9RA

518N15NAHBY NANISNASRY  WUIY FBnagau
Total Plate Count 10 CFU/ml  FDA BAM Online, 2001 (Chapter 3)
Salmonella spp. Not Detected /25 ml  1SO 6579-1:2017
Staphylococcus aureus <1 CFU/ml  FDA BAM Online, 2016 (Chapter 12)
Bacillus cereus <1 CFU/ml  FDA BAM Online, 2020 (Chapter 14)
Clostridium perfringens <1 CFU/ml  ISO 7937 : 2004
Listeria monocytogenes Not Detected /25 mlU1SO 11290-1:2017
Coliform <03 MPN/ml = FDA BAM Online, 2020 (Chapter 4)
Escherichia coli <03 MPN/ml  FDA BAM Online, 2020 (Chapter 4)
Yeast and Mold 27 CFU/ml  FDA BAM Online, 2001 (Chapter 18)

A19199 4.8 NANTIINTINNTBIAUNITATUNINTFIUHAAA U YUYUUINIAN (URY.1U1TAR

1452/2554) vesddananaiaalsdussyseu dUanviv 0

318UNIINAEHBU NANIINAEDY  %U]Y FoNngaU
Total Plate Count <l CFU/ml FDA BAM Online, 2001 (Chapter 3)
Salmonella spp. Not Detected /25 ml1SO 6579-1:2017
Staphylococcus aureus <1 CFU/ml FDA BAM Online, 2016 (Chapter 12)
Bacillus cereus <1 CFU/ml  FDA BAM Online, 2020 (Chapter 14)
Clostridium perfringens <1 CFU/ml  1SO 7937 : 2004
Listeria monocytogenes Not Detected /25 ml 1SO 11290-1:2017
Coliform <03 MPN/ml  FDA BAM Online, 2020 (Chapter 4)
Escherichia coli <03 MPN/ml  FDA BAM Online, 2020 (Chapter 4)
Yeast and Mold <1 CFU/ml  FDA BAM Online, 2001 (Chapter 18)
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A13199 4.9 HAN1INTINTIAUNTINUUNTTIURERS aiguvuilne (UHY.Ulan

1452/2554) wosudinamaaelsdussqiu dUansin 0

518N15NAHBY NANISNASRY  WUIY FBnagau
Total Plate Count <1 CFU/ml  FDA BAM Online, 2001 (Chapter 3)
Salmonella spp. Not Detected /25 ml 1SO 6579-1:2017
Staphylococcus aureus <1 CFU/ml  FDA BAM Online, 2016 (Chapter 12)
Bacillus cereus <1 CFU/ml  FDA BAM Online, 2020 (Chapter 14)
Clostridium perfringens <1 CFU/ml  ISO 7937 : 2004
Listeria monocytogenes Not Detected /25 mlU1SO 11290-1:2017
Coliform <03 MPN/ml = FDA BAM Online, 2020 (Chapter 4)
Escherichia coli <03 MPN/ml  FDA BAM Online, 2020 (Chapter 4)
Yeast and Mold <1 CFU/ml  FDA BAM Online, 2001 (Chapter 18)

A13199 4.10 NAN1TNTIATOIAUNTIMUUINIFIUNAAS YU IR (UK. 11090

1452/2556) vosuhdanemaiaalsdussgulusaudunisldnnusugs dUamii 0

318UNIINAEHBU NANIINAEDY  %U]Y FoNngaU
Total Plate Count <l CFU/ml FDA BAM Online, 2001 (Chapter 3)
Salmonella spp. Not Detected /25 ml1SO 6579-1:2017
Staphylococcus aureus <1 CFU/ml FDA BAM Online, 2016 (Chapter 12)
Bacillus cereus <1 CFU/ml  FDA BAM Online, 2020 (Chapter 14)
Clostridium perfringens <1 CFU/ml  1SO 7937 : 2004
Listeria monocytogenes Not Detected /25 ml 1SO 11290-1:2017
Coliform <03 MPN/ml  FDA BAM Online, 2020 (Chapter 4)
Escherichia coli <03 MPN/ml  FDA BAM Online, 2020 (Chapter 4)
Yeast and Mold <1 CFU/ml  FDA BAM Online, 2001 (Chapter 18)
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A157991 4.11 KaNIIATINTAUNTIMUNMTTIUNAA S st guvudann (UnY.d1denn

1452/2554) vasundananaiaslstussysou dUanmin 5

518N15NAHBY NANISNASRY  WUIY FBnagau
Total Plate Count <1 CFU/ml  FDA BAM Online, 2001 (Chapter 3)
Salmonella spp. Not Detected /25 ml 1SO 6579-1:2017
Staphylococcus aureus <1 CFU/ml  FDA BAM Online, 2016 (Chapter 12)
Bacillus cereus <1 CFU/ml  FDA BAM Online, 2020 (Chapter 14)
Clostridium perfringens <1 CFU/ml  ISO 7937 : 2004
Listeria monocytogenes Not Detected /25 mlU1SO 11290-1:2017
Coliform <03 MPN/ml = FDA BAM Online, 2020 (Chapter 4)
Escherichia coli <03 MPN/ml  FDA BAM Online, 2020 (Chapter 4)
Yeast and Mold <1 CFU/ml  FDA BAM Online, 2001 (Chapter 18)

A13199 4.12 HANTIIATINYRYFUNTENNNINIFIUNGR A i guruline (Uny.1dine

1452/2556) vosundananaialstussqiu dUamii 5

318UNIINAEHBU NANIINAEDY  %U]Y FoNngaU
Total Plate Count <l CFU/ml FDA BAM Online, 2001 (Chapter 3)
Salmonella spp. Not Detected /25 ml1SO 6579-1:2017
Staphylococcus aureus <1 CFU/ml FDA BAM Online, 2016 (Chapter 12)
Bacillus cereus <1 CFU/ml  FDA BAM Online, 2020 (Chapter 14)
Clostridium perfringens <1 CFU/ml  1SO 7937 : 2004
Listeria monocytogenes Not Detected /25 ml 1SO 11290-1:2017
Coliform <03 MPN/ml  FDA BAM Online, 2020 (Chapter 4)
Escherichia coli <03 MPN/ml  FDA BAM Online, 2020 (Chapter 4)
Yeast and Mold <1 CFU/ml  FDA BAM Online, 2001 (Chapter 18)
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M151991 4.13 HANIINTINTAUNTIMUNNTTIUNAA S st guvudann (UnY.11denn

1452/2554) voshdanamaivelsdussgiusauiunslidanuiugs dUamin 5

518N15NAHBY NANISNASRY  WUIY FBnagau

Total Plate Count <1 CFU/ml  FDA BAM Online, 2001 (Chapter 3)
Salmonella spp. Not Detected /25 ml 1SO 6579-1:2017
Staphylococcus aureus <1 CFU/ml  FDA BAM Online, 2016 (Chapter 12)
Bacillus cereus <1 CFU/ml  FDA BAM Online, 2020 (Chapter 14)
Clostridium perfringens <1 CFU/ml  ISO 7937 : 2004
Listeria monocytogenes Not Detected /25 mlU1SO 11290-1:2017
Coliform <03 MPN/ml = FDA BAM Online, 2020 (Chapter 4)
Escherichia coli <03 MPN/ml  FDA BAM Online, 2020 (Chapter 4)
Yeast and Mold <1 CFU/ml  FDA BAM Online, 2001 (Chapter 18)
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Week

7

8

N

15

18

20

17

15

17

17

14

13

Mean Difference-from-Control

Control Cold Filled HPP
0.12 0.59 0.07
-0.16 0.31 0.21
0.42 0.21 0.21
0.10 0.09 0.10
0.22 0.17 -0.0067
0.09 0.12 0.14
0.34 -0.09 -0.03
-0.07 0.28 0.1
0.23 0.26 0.31

P-value at Cold Filled

0.05

0.89

P-value at HPP

0.80
0.06
0.17
0.99
0.41
0.09
0.08
0.16

0.61

AN 4.45 HAN1TIATIBNNNETH T-test voIManITNAdoUNITUTEAMAUR G UF YL

(Pinkness) ao9uniitganaivalsdussyiow usslu wazussgdusiudunsldnnuiugs

MBLUUNAEDUKRUU Difference from Control lnasiegnsniinaussySeudusmun

Week

7

8

13

Mean Difference-from-Control

Control Cold Filled
0.04 0.19
0.02 -0.07
0.07 -0.09
0.28 -0.33

0.0067 -0.06
-0.07 -0.2
0.09 -0.17
0.06 -0.15
0:15 -0.18

HPP.

P-value at Cold Filled P-value at HPP
049 0.72
0.77 0.77
0.44 0.41
ﬁ.oz om]
0.69 0.12
0.44 0.64
0.06 0.02
0.14 0.1
0.05 0.04

ANN 4.46 NANITILASITINIEDR T-test VBINANITNAADUNIIUSLAMNEUN AN 1UNAUVDY

ilsmn (Smell of mangosteen) vosthilinanaaslsdusgiou usTPdu wazussydusmiu

N15lANAUET AIBLUUNABUUY Difference from Control lngdiegrnindlinaussyiou

< @
WunImuaw
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Week N
0 15
1 18
2 20
3 17
a4 15
5 17
6 17
7 14
8 13

Control
0.15
-0.11
0.18

0.26
0.24

0.25
-0.12
0.05

0.17

Mean Difference-from-Control

Cold Filled
0.27
-0.03
0.18

0.06
0.14

0.12
0.2
0.13

0.33

HPP

-0.13

0.06

0.27

0.16
0.04

-0.08
0.15
0.08

0.14

P-value at Cold Filled
0.62
0.79
1.00

0.21
053

0.56
0.59
053

0.49

P-value at HPP

0.31

0.45

0.66

0.62
0.26

0.13

0.17

0.8

0.89

AN 4.47 HANIFIATIZINEADH T-test YDINANITNAFDUNNUSEANFUNANIUAIURA

[Hlou (Astringent taste) voshdananaielsdussyiou ussgiu wazussgdusuiunisly

ATIUALGY FIBLUUNAABULUU Difference from Control Ingfegnsindannussqioudusi

AIUAL
q
Mean Difference from Control
Week N Control Cold Filled HPP P value at Cold Filled P value at HPP
0 15 0.22 030 0,01 0.72 0.36
1 18 0.05 0.07 0.01 0.44 0.64
2 20 0.02 0.06 0.08 071 046
3 17 016 001 0.06 054 035
4 15 0.06 0.08 01 0.aa 051
5 i 0.01 0.01 0.17 083 035
6 1% 0.11 0.05 0.22 061 0.06
T 14 0.02 0.04 0.06 0.65 0.59
8 13 0.11 0.24 0.2 0.13 0.05

AN 4.48 HANTIATIEANINEDA T-test VBINANITNAFDUNNUSELENSURAATUAUNINU

(Sweet taste) vaqinfgamaslsdussiou ussulu uazussgiusuiunsldnnudiuas

MBLUUNAABULUY Difference from Control tnesagsthslinaussySoududmun

Week N

2 20
3 17
4 15

17
6 17
7 14

Control

0.02
0.17
0.14
0.46
0.07
0.18
033
0.15

0.1

Mean Difference from Control

Cold Filled

0.25

0.09

021

0.16

P value at Cold Filled

056

0.17

013

0.12

t HPP

AN 4.49 NANITIAATIZUNNEDR T-test YBINANITNAFBUN UL AMEURNFAUAINULUTE?

(Sour taste) vosuninamiaaelsdussion usTPdY wazusIRlusmiunisldninuiugs

MBLUUNAABULUY Difference from Control Ingfagatilnnussaseududmniuny
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Mean Difference-from-Control
Week N Control Cold Filled HPP P-value at Cold Filled P-value at HPP
0 15 017 0.44 0.01 0.41 0.30
1 18 -0.08 -0.02 -0.08 0.82 0.97
2 20 0.19 -0.02 0.02 0.29 047
3 17 0.18 0.03 0.14 0.49 0.82
4 15 0.15 0.01 -0.26 0.49 0.18
5 17 -0.1 0.19 0.15 0.09 0.26
6 17 0.15 0.18 -0.05 0.86 0.28
7 14 0.08 0.15 0.02 0.72 0.55
8 13 0.07 -0.25 0.1 0.13 052

AT 4.50 HANTIATIENINNNEER T-test YBIHANINAABUNNIUSEAMALRAATLANUTANTY
U1n (Mouthfeel) vesunilsnamaiaslsdussysou ussqiiu wazusspdusaudunisideny
AUGY AL UUNAADULUY Difference from Control tagdiag191denaussqsoudus

AIUAY

AT 4.45 - 4,50 WaAS LA UNNAN1SIATIZINIUTEa N UNAs1875 Difference

from Control ¥89fMagiiinanaisalsdnnannzseninanisiiuineidunal 8 dUanv

CY

Tngdiregrsunfinnussaidusidunisldanudugelianuuananedmundusave sy

v
=Y [ v o w

faan egniideddynisadfdeiouivinfneuuuuussgdeuidudrmuaulunisuen
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(7. Fermentaticn Time: = 18 #

{2)Fasteutzs e = BIT

Temperature (°C) 30-95

§ Flow rate (Liter/hour) 50 - 200
é. Holding Time (sec) 8, 16, 32
{ Cooling Temperature (°C) 4
Homogenizer Pressure (bar)

Capacity (Liter/batch) 100 - 1,000
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Process Development of Pastenrized Mangostesn (Garcinis mangostana L)
Juice for Commercialization

Suchawsdes Wedchirazit™, Wasan Inta® and Fimpen Porechalosmpong'

! Dopartment of Food Enginearing, Scheol of Enginsaring, Eng Mongkmt's Institiee of Technology Ladkmatens,
*Comesponding anther: Suchosades Wetchirt, ol addmas: S0G01016Ekmil ac th

Absiract

This research shadied the processme feasibility and quality of the mwngostessn juice for
commercializaton funns siomage. Shelf ke of freshly mansesteen (Gareina mamgomang L) juice
treated by pastasrization (at 75, B3 and 95°C for 1§ secends) was evaloated in temms of good
appearance: statification;, TIE L*, a*, b* waloes. bulk density, tofal soluble solids (TS5), total acidity,
TH. micyobial tofl plate count and sensory iesting. The juice siored at4 = [°C was condooted for 4 weeks,
Pastamization process was applied to creste premuium manspsieen jusce which was maintained freshiby
and muiritional vabe. The manzostesn juice price reached o 494 bahilire. Manzsosieen joices showed
slighily chanzes in physicochensca] paameters including cobor, pH and T55 when treated with different
thenmal pastzurizaton levels, The changess in color and pH of pastourized juoices were clearly observed,
wiile good appeamance af the juices increases sradually durmg refrigeraied somge a 4°C. The sensory
soores of the ooalor of maneesiesn juce heated ar 75°C were most prefered when conmparsd to other
pasieurzed sanmples. The resalis obnmed sappart the nse of theomal treament to improve the quality of
mangosisen uce alons with safety sandanis. Ths, pastamnzed manzosieen juice can be d=valoped and
applied to process as premenm juice at the pilor scale.

Kevword:: Manposisan fuics, Paseenization, Shaif 1tk stady, Fuice, (mality anabywic
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1. Introduction

Manzosteen’s sdentfic name & vl mameesimg L. (GMVL). The fmif is natorally found m
South East Asia Mangostesn has besn mitivated in tropical regsons (= g, India, Hondorms, Bzl and
Ansralia) for the last o cemnmies. The species trives in warm, med, or mopscal climates and has a
namew range of adap@biliy [1]. To date, Thailand i= the main prodacer of mansesteen in the world, m
2020 - 2021 exparted approzmanehy 37000 ton per vear [2]. Manmosteen iz a show-growing plant which
ranzes from & to 15 m m beipht and preduces flomers that are red ar green and rouzhly 45 cenfimeter i
size. The exocarp of the frust &5 dark purple or reddish and is recognized & a rich source of red pigment It
also confains a soft and foicy edible white pulp enclosed rypically within 68 anls. The favor is slightly
acidic yet sweet with a dzlighifol smell [3-].

Thermal pastenmization is the most common process nzed for prolonsins the shelf lifs of frust juice.
However, the undesirable biochemical and matritional chamees caused by thenmal treatment may affect the
overall qualtty of the final product [3]. Precessme condifions such s temperamre and tme dumns themoal
TastErEaion are aften bene mndified with preat effor marder to redece the bbss of mimisnts and aptimize
bacterial mactivation a5 copsumers demand fior safer, frecher and heatthier foads.

The aim of this study is o compare the effect of thermal levels on the quality parameters such as
colar, bulk density, toml sobable solids (T55). viscosity, total acidity, pH. mioobéal total plate count and
sersory festme of pasteunized manesisen nuce. In addition, shelf [ifs study of the pasteunized juice samples
stored at 4°C was conducted for £ wesks. The information obained from dhis shady could serve for

2. Methods and Materials

11 Materials and preparation of mangosteen juices

Mianzosteen (oo mangosiana L} was obmined fom Tha Ma Phla, Lans Suan,. Chopphen
provinge, Thaland The mampesiesn was processed at Green deli foods co lid berame o fozen
manFosteen after that the maneosieen was dawed at room temperatre and blend with Phlips hrl®22 and
mmixed with drpking water in the mass miie of Tozen maneospeen to donking water of 201 (Fig. 1)

1.1 Pastenrization

The MicroThermics UHT/HTST (Lab 25 EDH HA Fesearch, MicroThermics, T5A) was designed
for pasteurize and fill contirme with asepeic filling (Fig 7). In additon the system &5 desipned with 11
Models for fow rate and hold Time, the fevperature (°C) moge is between 50 — 149, the Sow Tate (L/mm)
ramge i hermmen 1.00 — 200, the bolding time (=) range is berween 4-75, the capacity (Literhatch) mnge s
between 10 — 100 The manspsiesn juce was then thermal pasteurizaton at 75, 85 and 85°C for 15 second
the process was 1 replicates bat measored wsing sarples af 15 boitles each time per one replicate by
selecring the pasterize tenmeranmrs, terperanme and dme the yeast damazs is maimty due to the makirmm
heat resistanee shall not be less than 75 5C for £ seconds. The pasteumized mangosteen juice was filled into
the zlass bortles and immediately coaled in an ice-water bath before stomze at 4= 17T for 4 wesks (Fiz. 1)
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Fizure ? The MiczoThermics UHT/HTST Lab 25 EDH HA Resarch ard Flow diazram

1.3 Goadd appearance

(Gepod appearance of the produd was judeed by juice separation. The home peneasas product withsat
sepamion was considered good appearsnce. Measure the jnce with Vemier caliper for sratfcason m 15
batiles per | replicate.

2.4 Analysis of color

Taice calor coardimates (L®, a*, b*) were measored using a Fumter Lab Colorimeater (ColofFlex ET
Humter Aszociates Labomtory, Inc., TTSA). The L* expresses Hghinsss of sanmles with the value fom 0
{black) o 100 fwhire). The a® vahues indicats redness when positive and sreenness when negative, and the
b* valoes reveal yellownsss when positive md blueness when negative. Total color difference (AE*) was
caloulaied acoordme so below eqiation and it is used to evalate the coler changes of unireated and meated
sampiles. Higher AE* valnes mdicate more proneumsed color deteriomtion.

AE* =[(AL*) + {fa*F + (8b*F]'" (1)

In the abwwe, the mdex 0" is r=lated o pastsunized mam=n=neen jixice samplss week 0.

15 Bulk: density

Bulk demzity of the juices were measured based on the pymometer method . The ulk densify was
empressed by the eqiation (1)

p== @
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Where (2 a’) is bulk density, m (2) is the mass of and 7' () is the volume of
9_(9 ") density, m (2) powder saples (')

2.6 Analysis of total soluble solid (TSS)

Total Soluble Solid (TSS) of juices was deternsned by a Pocket Brix-acidity meter master kit (PAL-
BXIACID], ATAGO, Japan). Results were expressad as “Brix. Measurements of TSS were done in
tplicate.

1.7 Total acidity

Ope2 zram of mangosteen juices was diluted with 50 grams distilled water was determined by a
Pocket Brix-acidity meter master kit (PAL-BNACID1. ATAGO, Japan).

2.8 Analysis of pH

The pH walues of mangosteen juice samples were mexsured using 2 pH meter (S1 Analytcs,
Lab855) Measurements of pH were dooe in tiplxcate.

29 \ficrobial analysis

The pasteurizad and storsd mangostesn juice sanpies were amalyzed for total viable coumt to
determime the effect of pasteunzation and the storage ture oo the microbial contents of samples. Potato
dextrose azar (PDA) and plare count agar (PCA) (Difico. USA) were usad as madium for muicrobial growth
Microbial contents were determinad by pour plate method Plate count was performed according to the
procedure of Mansosteen dnnk (Tha commumity product standard 14522554) [6]. The results wese
expressed as CFUmL

210 Sensory evaluation

Sensory acceptance testing was camied out using 15 untramed panelists which were recruted fom
staff members and undergracduate studeats at King Moeagkur's Institue of Technology Ladirabang and
chosen basad on their expenience with fruit jusce The panslists were asked to evabure the juce usinza 9-
point hedonic scale The tested antmbuses wese the preferance of color, flaver. aste. mouthfee] and overall
acceptability. Sensory evahution was determined according to Walking-Ribeiro, 2009 [7].

211 Statistic analysis

The aralysis of vanance (ANOVA) was conducted using 3 siznificant probability level of 85% (@
<0.05) apd Dupcan's method. Tha sofware BM SPSS Seaeistics 28 (IBM SPSS, USA) wasused foanalyses
tha data

3. Result and Discassion

3.1 Feasibility analysis of pasteurized mangosteen juice

In this research shows the method of adding value to mangosteen products with the mangosteen
processing as shown in Figure 3. Although the processing makes the percent yeld decrease. the value of
the product increases. Fresh mansosteen could be sold in the marketas approamately 20 bahtkg [2].
However, the fresh mangosteen have a short shelf life. Therefors, some entreprensurs increased value added
and extended shelf life of mangosteen using processes such as freezing Figure 3 shows percent vield of
frozen mangosteen. It was 0% but the price was 8 tmes higher than fresh mangosteen price. In addition,
frozen mangostzen could be stored more than 1 vear at temperature of -18°C. Moreover, pasteurization
process was applied to reate premium mangosteen juice from frozen mangosteen and the outntional value
was mamtamed Pasteurized mangosteen juice reached up to 404 baht'kg that was 24-25 times higher than
the price of fresh mansosteen.
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Mangosteen joice has 4 bazic cost components (Fig 4 @w matenal cost 4%, prodocbon cos
45 due to the big amount of producton. 5o the Femnze cost per pisce is hiph valhe The packaging cost
is 8% and the Last part i the prodaction labar cost of 3%. The price of the pasteumzed mangostes juics bas
Teen in a high posstion for price and qualicy.
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3.1 Effect of thermal pastenrization and storage on quality
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Fizure 5Good appearance of pasizunized mansosteen juice samplss during siomage

& represent different commparizon groups (75, B3 and 85°C), whersas different letfers m the same columm
Teqesent A sigmificant difference within the same time (p < 0.05).

AN pepresent different companizon proams (weekl), week]l, weskd week? md weekd) whereas diffevent
lesters in the zame row repres=nf a sgmificant dfference within the same meamient {p = 0L05).

Tn the production of prerwimm manspsieen joice. seleched namral manspsaen did not confm amy
additees inchuding hydrocollosd, causing the prodact o stratfy when stored for 2 weeks or more. At weeks
0 and 1. the prodict is relatively siable. Good appeamnce, so there is po simtification. by the efect of
dxfferant heannz. The higher the past=urize smpenmre, the greater the sspamnon of lavers i wider

Table I L* vahies of pasieanzed mansostsen uice samples dring stomge

Sanmple treated at Week 0 Week 1 Wesk 2 Week 3 Week 4
5°C FROELMR  5L05E] 1T SEPERED ) S0EFEL.OPC  SO6T)ame
50 S3.ER0A0RS o S3TMa0IR S2200  SI0430 53 14=luGie
g5 06053 532706 SLIRHDSIC T S04 48 o 500040 5500

Table 1 a* values of pastamized mameesiean faice samples Gurns sHOrage

Sanple treated at Week 0 Week 1 Wesk 2 Wesk 3 Week 4
5 1380600 O 14300 T 12300180 D5.0307 15038
B30 IR0 [ 3FIeR™ | IRTR028T 12 T7S0IPT 11 Ne) T
85eC 13,7009 13410048 1376040 T2.0B) 55 12 38=038°F
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Table 3 b* vahes of pasterized mansastesn juice sammles during smags

Sample treated at Week 0 Week 1 ek 1 Weak 3 Week 2
3 162102 ™ 1698067 1580000  1590=1 11" 1631103
25°C 15600 600 15680 500 14320084 13.67=065C 14.10=] 00
g5°C 1510056 1500 1375006 L2ET065" 14550088

Table 4 AE* values of pastamized mangostesn juice samples

Sample treated at Week 0 Week 1 TWaek 1 Wesk 3 Week 2
73°C - W 1930, 75 2000 B 2 Meel) 550
85°C - N 22RO 454 3380 500 2 010, fn
g5 - PR i 3170568 .34, 54 3480 4440

The retention of color duming stomge is considersd 35 an Enportant pammeser of food quality. It
was fomd that all color valuss of stored joices changed duming refriseration stamge. In thiz exparimant the
pasteurized mangassesn fuites became darken during storage which was mdicaced bry the shighthy lowsr L*
walknes (Tablz 1). The wisual color of mange jusces shified from pink to dark pink was suzgested by the
higher values of a*(Table 2) and b*(Table ) of the pasteumized mangesteen juice during stamge.

Taotal color differences (AE") indicating the degree of the color difersnce batween pasteunized
juices at 75 Cand all pasteurized jusce samples durmg storage. Pesults showed AE" valuss of 75°C samples
were nzar 1 (Table 4). If kas bean considered that a AE *af 1 would be a wisual differsnce observable for
WAk siruations [5-9] proposed that te AE *vabse of 2.8 was the threshold to detect the color dfference
befwesn v crange joices ry mimmed panslise of consmmers.

Table & Bulk densiry of pasteumzed mansosteen juice samples Gunmg stomge

Sample treated at Week 0 Wesek 1 Wesk 2 Wesek 3 Week 4
TS L0l oy Tl LOGHNQ3 1000 e R
85°C LOEDMAS 1 010 100 D 1030004 e
g5°C 10N 0es 100000 L0001 e 1030 (4 1 00

The ulk densicy af themmal pastaunzsd mansosiesn jusce =amples were approsimaiety 1.02 (Takble
5). There were no sigrificars chagges (p > 0.05). The density of the joices is related to specific sraviny,
viscnsity, Feynolds momiber of the joices [10].

Table & Total sabable salids (T95) content of pasteurzed mangostesn juice sanmles dunng staage

Sanple treated at Week 0 Wesk 1 Week 2 Wesk 3 Week 4
T5°C 967016 b W D671 1 QU670 10x 000, 14
85°C Q.72 0440 QG5 PR SRI=014~ B0 BRG]

g5°C R N i 1 e OR1=013= 97 1&A  07]=f [0

1
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The T55 comtents of thermal pasteurizsd maneostesn jusce sanmles were 8057 - 0BG b (Table
7). There were o significant changzes (p = 0.05) in TS5 after refrigeraton storage for 4 weeks which were
in agresment b0 the study of [11].

Table T Tofal acdty content of pastaumized mangestesn juice samples Junng starage

Sanple treated at Week 0 Weak 1 Wesk 2 Wesk 3 Week 2
15°C 0170014 O JEe00Ten R0l 01TE000sn DT 0
a5°C 0.17=0.0040 i T 7=0]= (LT B=0e GI7=001"  0T)0] e
85°C RN L o ) Lol 0 N ol 8 P 1) s 0 L) R

Total acidity of pastaumized nanpostesn juaice sarmples after subyjected to different levels of themaal
treatment at 75, 85 and 05°C for 15 secomd wene not siznificanty different (p = 0.05). the total acidity of
the pasteumized juices remained relatively constant durins refrizeradion storage (Takble 7). This mdicared
that tetal acidify was stably dunmg 4 wreeks siorage. The resulrs were in azveement with those reportad by
[13).

Table & pH
Sanplemeatedat | Week 0 Week 1 Week 1 Week 3 Week

75°C 001N 356=001% 3300005 35000 358000

85°C SAED0T  3STE01R 33001 35001 360000

05°C I64EO01% - JA0=001S 334001 | 3SE001S ) 360000

The pH vabses of different levels of thermal treated juice were 330 - 308 with simiScanthy

differences (p = 0035). mmmammmmmmmumﬁ
weeks (Table 8). The sinnlar resuits were reported iy [13].

Tahle 9 Mimobial loads of pastaurizad mangosteen fuice sanpilss during siorage

G weak ek Tk ] weak] weakt

ireaied &

BCA  PDA . PCA | PDA | PCA | PDA ) PCA . PDA . PCA . PDA
o WX KD HD D 1=l MO =10 03=100 5=100 33=10"
BC L HND <HO RD - ORD . G RD o Ta=I O5=I0 3=l00 BD

#mc B . ND - RD WD WL 7 S T 75 [ Gy & e ™ LI E B3 0

The mimobial comtents detectsd Tom pastemized manepsiesn juics are shown @ fable 9.
nmcreorganisms 45 not exceed the procedure of Mansosteen drink Total Plate Count in PCA media rmist
not exceed 1xl0* CFUMmML Veast and mnld in PO media pmss net excead 100 CFUml [6) Fesaled
indicar=d that hizher pasteurizaton temperanme resulied m lower confents of microarganizms of the juice
samples. The nucrobial leads of all samples increased contimmasly duning storage af 4=1°C. The higher
processing temperarors would lead o loneer shelf lives of the prodocts.
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Fizure 6 MMMMMMWM samplss during stemge

The sensory scores of thermal pasteumized mangostesn uice sapmples week ) on the aftibuates of
cobar, favar, taste, mouthfeel and overall liking ranee between § and 7 indicating ~shighdy to modarately
like™. Althourh there were no siafistical differences in scores between samples from different thermal
treatments, the calior and the tasteqof mangostesn juice heated 2t 755C were most prefamed when compared
o other pastewrized saniplss (Fig. &) when stored for 2, 4 wesks.

4. Conclosion

Manzostean foices shawed slighthy chanpes m phy=icochentical parameters inchiding color. pH and
T55 when meared with different thermal pasteurizanon levels. The changes in coler and pH of pastearized
Juices were clearly observed while the TS5 content: of the pasteanzed uices remamed relatvely comstant
during refi peration storge. The vinal calor of the pasteurized fuices shifted to lower a* and b* valns: As
thiere mas o significans differant m preference of pasteumized fusced nubjected to defferant levels of thermal
treatments, hisher tharmal treatment cased shighthhisher loss m b which contimsousty dedrenzed during
4 wesks of TefniFemnon stomze. Whils pood sppearance of the fuices mmesces sradualhy durimg ref seaced
somage at 490
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