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Abstract
Background and Objectives : Aimost fried products contain high amount of oil since there was an exchange between
water in food and oil during frying. Dehydration is one of the methods can reduce moisture contentin food products
leading to a reduction of oil uptake in fried products. Moreover, vacuum frying can also reduce the amount of oil

content in fried food compared to atmospheric frying. Due to the fact that water evaporation under the vacuum
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condition, there was low excessive retention of oil inside the product. In addition, temperature also affects to product
characteristics. Around the glass transition, molecular mobility of food molecules increases resulting in softer
product and enhancement of water molecular movement. Objective of the research was; therefore, to study the
effect of a pre-treatment method on characteristics of plant-based crisps using osmosis dehydration (OD) prior to
vacuum frying and to study thermal properties (glass transition temperature and (-relaxation) of plant-based crisps
using a Differential Scanning Calorimeter (DSC) and a Dynamic Mechanical Analyzer (DMA), respectively. All data
were used to evaluate the correlation of product characteristics, texture and physicochemical properties of plant-
based crisps as well as to provide a guideline for application in other fried food industries.

Methodology : In the present study, there were 2 treatments consisting of the plant-based products without pre-
treatment before frying (Control) and the products with pre-treatment with osmosis dehydration (OD) using 0.5%
(w/w) salt solution (NaCl) prior to frying. The 200 g of pre-treatment products prior to frying were poured in the bowl
containing 0.5% (w/w) NaCl solution in the ratio of samples to salt solution at 1:10 and soaked at 30°C for 1 hour.
Then, the salt solution was drained and the excess water on the products was wiped off by tissue papers. The
samples from both treatments were vacuum fried at 13.33 kPa for 3 hours. All vacuum fried products were analyzed
as the physicochemical properties including shrinkage ratio, weight loss, hardness using texture analyzer, Tg using
Differential Scanning Calorimetry (DSC), and storage modulus (E’) using Dynamic Mechanical Analyzer (DMA).
Main Results : Pre-treatment frying method significantly affected characteristics and physicochemical properties
of fried products (pS0.0S). Shrinkage ratio, %moisture content, %fat content and texture of the fried product
(control) were 2.53+0.15, 6.90+0.49, 4.36+£0.18 and 214.96+1.17 N, respectively, which were higher than those of
the fried product with OD method. The shrinkage ratio, %moisture content, %fat content and texture of the fried
product with OD method were 1.29+0.08, 3.22+0.54, 3.42+0.26 and 115.20+£1.20 N, respectively. On the other hand,
% weight loss of the fried product (control) was 88.6+0.82, which was lower than that of the fried product with OD
method having 93.4+0.51. Moreover, glass transition temperature (Tg) of the fried product with OD method were
41.17+0.58, which were significantly higher than those of the control fried product having 31.14+0.82 (pS0.05) as
a result of water plasticization behavior. Around the glass transition, storage modulus of the fried product (control)
decreased dramatically, whereas a slight decrease in the storage modulus was found in the fried product with OD
method. With consideration of a change in mechanical properties (storage modulus, AE’), we found that the AE’ of
the fried product with OD method were lower than that of the control fried product. The AE’ of the fried product with
OD method was 1.51x1 09, while the A E’ of the control fried product was 5.02x1 0°. This was also consistent with

Ol- relaxation as observed from a change in storage modulus around the glass transition. The Q- relaxation

222



B MIANTIMENANARTYIN TN 31 (1TLT 1) WN9IAN — WEIEW W.A. 2569

BURAPHA SCIENCE JOURNAL Volume 31 (No.1) January — April 2026 Research Article

BURAPHA SCIENCE JOURNAL
ISSN 2985-0983

temperature (Tgq) of the fried product with OD method was 60.93+0.88 °C, which was significantly higher than that

of the control (p=0.05). The Tg of the fried product (control) was 41.13+0.83 °C. Texture of the fried products with
and without OD method was measured as force value. The results indicated that the storage temperature affected
a product texture. Force values of the fried products with OD method stored at 35 °C were around 115 N, whereas
force values of the control were approximately 215 N during storage. However, it seems that the force values of the
fried products increased with increasing storage temperature. The force values of the fried products ranged from
215 to 250 N at storage temperature of 45 °C. The results indicated that the A E"had the correlation with changes
in texture of the fried product, which were measured by the texture analyzer.

Conclusions : The pre-treatment process prior to frying could reduce shrinkage ratio, but increase weight loss of
the fried products. Osmosis dehydration method could decrease moisture and fat content in the fried product, and
also reduce changes in physicochemical properties during storage. In addition, DSC and DMA that were used to
analyze thermal and mechanical properties of the products can be used to evaluate physical properties, such as
fragility and crispness of the fried products during storage. The information could be a guideline to determine
changes in fried products during process and storage including shelf-life extension.

Keywords : plant-based crisp ; pre-treatment frying ; osmosis dehydration ; dynamic mechanical analysis ;

physicochemical property
*Corresponding author. E-mail : nattiga.sil@siam.edu
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1:10 (Aq9819s8813aZa18LNAD) ﬁﬁﬂ%ﬁqmmﬁﬁmtﬂumm 30 W iaan 1 9alue udaandumansazans

UUNADBBN WAY NIz RTTTUUNg R NNMAR luFesne (Faulainindsaes Kwaw et al., 2024) anniiusiaasing

a

nliazgninlineasaaieseaneagoyoyinia Anouaulszann 13.33 kPa wluaan 3 dalus urdastneilaiiuldlu

nasanaraanilnaiinuaziivlugifiungumgfilszunn 5-10 asaEalda [iasen1satasziauiinisainiann
S GNARIER LY

4. JAPTANIIANINNIEAIN (Physical Properties) IBNNARATHRARTALULULAINNTNDANTALI

4.1 N19IAFI (Shrinkage ratio; SR) 39lun125ANNIVARAT 9N AR AT IUaN NN 305 At TAEN 2SR BNA RS
1s2@nsuaueananingt (Effective volume) Iagdnilsuinsuaduanisinaunas (Vo) ﬁ’mﬁ’qmmqmmﬂmmmm
100 nf AN ABRNRENAReeHAR AN NN (V) é’fmﬁwmqmmgmlﬁu (Wang et al., 2017) LaAIA
aumst (1)

Shrinkgae ratio (SR) = Vo / Vf (1)
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4.2 negny@eunntin (%Weight loss) tlunnsdnanisgay@atinuingesnandnaivasniman lunnsdnanig
o ¥ .

qryAsinuinresNanA uIIuAINN304R A Tnannsdain wintesN@nTuanaunen (Wo) uazudaniman (W A

N1INAAITRY Wang et al., (2017) udAdAIaunish (2)

Weight loss (%) = [(Wo- Wf) / Wo] x 100 (2)

4.3 ﬂ?mmma@mﬁuﬁwﬁu (Oil uptake) LﬂumﬁLﬂmw’ﬂ?mmﬁﬁﬁuﬁﬁ@aﬂummimm‘lﬁmﬂﬁ%mmﬁm
&ael Soxhlet extraction Taginnsuasnatiaanmenldasiy Thimber afalasiudretlnaadmes funan 4 $alus
A1 AOAC protocol (Krokida & Maroulis, 1997) vndmetanaialdllssimsiandarnazataeen Faunadlasuils
uatin ldAnuan ﬂ?mmhﬁuﬁﬁmqmﬁumm‘lugﬂ LULEWMENLS (9100 g dry basis)

4.4 BnmsAaaidn (Moisture content) Lﬂumﬁmﬂ?mmmmﬁuﬁummﬁfa'aq‘l,umamﬁmeﬁuﬁqmammmu
AOAGC protocol (Krokida & Maroulis, 1997) Tattisinesineilszanms 2 niu et lugeuaufeu fiaoumnd 10541 e
TaEea 9ATaITEs aunsyiaiwin AT LLé’qﬁq"l,ﬂﬁﬁmmﬂ?mmmwﬁuimﬂmeﬂugﬂ UL (g/100 g
dry basis)

4.5 Aitieduda (Texture) AR LR LN 3 AR UM e AR AN TUANYIN (Force) Anwlatnu
N19IMAAR9LaY Nunes & Moreira (2009) La Phungamngoen et al. (2016) Tun13iaauudsasnaningimanasin
IneldANuIaNA 138 Force ﬁfmm%ﬁmmwiﬁaﬁuﬁm (TA.XTplus Texture Analyser, Stable Micro System, England)
Aensld Load cell 111m 5 Ataniu siadauuumssnszuen (Cylinder) HidurnAuengans 35 HaANAT LWWILIRIg I
LLUILNA 14 x 12,7 imufimns Tunnsmageunistiudaandaemaen a2l uansoeamensnuoy 5 Tudauii nagas
U4 strain 45% Aanaiialunsiudamini 0.6 mm/s erfingegn (Maximum peak) fldannnaan azgniieesiidu

“ua4 (Force)” Nldlunnsvinlinansusiunniin Tnausazvizsuusazgninnimaaay 12 41 o gouunivies

5. WAIHANIIANINAINTBY (Thermal Properties) U8NEARANT D ARTIALWLLILAINNTNOANTAL

5.1 AN Glass transition tJ1N193LAT1ZWAN Glass transition temperature (7)) YAINARNA U BININDAALE
L3984 Differential Scanning Calorimeter (DSC) FIFAULAIAINNNINAARIT04 Silalai & Roos (2010b) TaIFaaENg
amsnanazgninnualiazidsaiunetlszann 1 ndu ldaslunin DSC avgiiiflen (DSC Pan) 111 40 uL (Mettler
Toledo-27331, Schwerzenbach, Switzerland) annvudailaci DSC pan 1#aiin wazld DSC pan fignailanduy
Aaagna8198a (Reference) AN dnfesnaatmnsllanaliaies DSC WAuausnasnsSwindL
5°C/min aungaumgil -20°C Taudia 140°C Fegnumad T, Fnrzildainnisasunlasaauqaanufen (Heat

Capacity) 284idunsw DSC
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5.2 AN Storage modulus (E) Wlun1gAn® Mechanical properties °IJ@<1Namﬁmﬁ@’mwwmﬁwmém
Dynamic Mechanical Analyzer (DMA) fainsanaullasmiun1snaasstes Silalai & Roos (2011) Ingsaagneannngas
gnusen 3R snosiTud v daunannandte x 819 x wn sl 10 x 35 x 1.2 Tadwns ildneadas
Lﬂ?@qm@mqmmﬂmm mﬂﬁuﬁf]ﬁq@ﬂwmmsmmLL@’:’Q"Lﬂslzﬁ"lum?l@ﬁmmm‘mm%@umﬁmqﬁqm W78 DMA
(METTLER TOLEDO a;'u DMA/SDTA1+, Mettler Toledo Schwerzenbach, Switzerland) Aaaluum Single cantilever
bending AaeAIIAIINFRUWINAL 3°C/min ET"QLLﬁiqmuqﬁ -10°C Tulandia 120°C fiAanaid 0.5 Hz LiteSadn Storage
modulus 284819113 Ta8A1 storage modulus Mi3uiAansiLlasu Aer a-Relaxation m@qmamﬁmm’%‘q%ﬂimg

= i = = P £ 2 o =
U7 Glass transition Lu@\‘i‘ﬂ"IﬂTNL@Q@ﬂ@\‘i@’]ﬁ’]?ﬂﬂ%’]N@’]N’]i‘ﬂluﬂ’]iLﬂ@@uWL‘WNN’Wﬂﬂlu@\‘iLﬁuﬂ’iﬁ‘Lﬂ'Z‘lﬂuLLﬂ@\‘i

1
adada

(Roudaut et al., 2004; Silalai & Roos, 2011) lun1sAnunafaliguuninEuinisasuulasses Storage modulus
(AE) A O-Relaxation temperature (Ta)

6. ANHIAIAN U VARSI AR TIALUM LA INWTNANTOLIZE NI WIS 1

nsulasuulaspudnrurAulle duiasendnineimansendnanisiiuinwainisndinagilaained
Force 1849HARTMaAAQ8LATRRLATIZIeANEA (TA.XTplus Texture Analyser, Stable Micro System, England)

Tnenin@nsiusmanyia 2 ngu (OD waz Control) Ussqluniazqiiiauneadiatlaaiingeyoyinia uazifiuinuniels

' '
o '

anazussNnALNRNYUUH 2 52AU Ae Nenungi 35 uay 45 asAtaldad Innnsdusaatinen 7 4 aftay 1 0

Q al

Wuszavinan 35 4 (Anulasn uatees Sinchaipanit et al., 2022) A1nUNIN13TAA1 Force 189NaRTainan

a A LA

2 qupil Ae gauugiiuFiont T, (35 avmaidea) wazguuniivile 7, (45 asalsaiiea) iveAnmnannudusiug

al Q al
P2

sy e duTaUaNTRNI9naLF e T, YRIARN LT NAA

Results

1. n19uAEuu1 laNaNLANIg Physical properties UBNEARADLT

1.1 N19UAEQ (Shrinkage ratio) Lm:mj@zyﬁﬂﬁmu‘vn (Y%eWeight loss)

NATR9RTNTLATENARUNINGA (Pre-treatment frying method) d9nafas8msd91a89n1sUAG (shrinkage

¥

. P e ) o = - = 3 ! aal
ratio) LL@zﬂqi@]meﬂﬂﬂqumu (%Welght loss) ﬂ\'isl,u Table 1 "TNLL@@QI‘ML'V]u‘)f]ﬂ?xuquﬂq?ﬂquqﬂﬂﬂﬂ@uﬂq?W’amﬂqﬂ'ﬂﬁ

'
1 o =

aeaaluia (OD) 198andnsIN13nAFL (Shrinkage ratio) Tavnaninafiiallzaunauiunguasuauilaldtn

=

v '
'

nszuauNIsAUnaannian (Control) InedfsNn1suasaresngs Control NAYNL 2.53+0.15 T9lAGININNAR U

o

HunszuaunIssiiaannaumeiseealuda (OD) NRAWNAL 1.2940.08 adelilad Ay 1eads (p<0.05) luay

% o o

7 famzmizgrylﬁﬂ (%weight loss) 189HARSTTUAIN1TNEAT AT UINALSAINdIuIRIn1Tvnsa Tnaseaaznis

a

qryderenaniuringuaruand Al unszusunshsieannian (Control) HANANI NAAS M TENUNIZLAUNNS
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AatnaanfiaunN1Ianaaeds OD ateldtd1Anyn1valia (p<0.05) Tnandnsiusimanngu Control NAFaBAZNNg

qry@awiniu 88.6+0.82 daunanSuImanniinishsiieantaufaeds OD Anfauaznisgayideindy 93.4+0.51

Table 1 Shrinkage ratio and weight loss of plant-based crisps

Pre-Treatment Method Shrinkage ratio* Weight loss (%)*
Control 2.53+0.15 88.6+0.82
Osmotic dehydration (OD) 1.29+0.08 93.4+0.51

Note: * There was significantly different in the vertical (p<0.05).

1.2 15N10A AW (Moisture content) 15N10uN199AFL8I (Ol uptake) uazidNAA (Texture)

HaTEINNTUARauarTetarn1IgrIAsresnAnuTH A NaeaAde st ULTN A N TWLA Tl

a o o o

naRAnTAINImen Taanud PiNnuANTuIeeNaRismanngu Control HAWNALTaeaY 5.15+0.50 Tuanue
a o e A = 3 . Y aal = o < =~ ,
HARITWIIMeANHIUNTTLAUN1TANUNBBNARUNTNBAALERT OD HUTNIUANTUTBYAY 3.22+0.54 T9HANNUANAI

AUNNE8A (p<0.05) uhgoruFnialadunnulunaasiuemainimen Inanaansiusimanngu Control HiFunu

' °  a

ladulugeaninuaniusinaniusianishieansaen1sa OD ae1eliludAtynieanis (p<0.05) TIHARSTMan

ngu Control H1Funaulasiu windufasar 4.36+0.18 Tuanuziuanineminisneineansaanisis OD NHUTNM
luaduanay 3.42+0.26 (Table 2)
uaNAINUUNAR 1 BLeANA AL INRAA NN IMERAzgNAAETAILLATEY Texture T9araBUNENAUIY

a o [ '

(Force) ldlunsvn Win@nsinamanuaniin wudn A1 Force 19uaRninusmanngs Control HA1gan4161 Force 284
HARUITANNRUNaaNAEN1975 OD et WAUBA1ATYNI9ATA (p<0.05) TntiAn Force 19aNARADIITManANEHN
Control HAWINAL 214.96+1.17 N luanziAn Force a9uansisimanninisheinasnnaugagds OD dAwiniY
115.20+1.20 N (Table 2) 9% Wilfiudn nassinusmanngu Control HANLUHENWES 938 soggy NINNGINRAADITN
N19A9UI0BNAENI93E OD tHasaInFunirnauuarladunuasnaeat lunandnel (Table 2) Resaldusa
U ¥ o % a o [ dl % = < ¥ < o % a o &
Aaudennlunsvinanelrssaineuesnaniuemen lausnldussnaadndoafiainnsarinanslnsaaineeaansine

A = 3 ] Y aa %
ANUITINAANNIUNTITAIUIRANNAUAIEIT OD 1@

Table 2 Moisture content and oil uptake of plant-based crisps

Pre-Treatment Method Moisture content (%)* Oil content (%)* Force (N)*
Control 5.15+0.50 4.36+0.18 214.96+1.17
Osmotic dehydration (OD) 3.22+0.54 3.42+0.26 115.20+1.20

Note: * There was significantly different in the vertical (p<0.05).
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2. nMaulaguutlasaniianig Thermal properties YBNEARAITUAINIINEA

AINNIANHINATBIIBNNATHUNABUNINEAABANLANI AT (Thermal properties) NARAUITUAINT

«

nan Ingn1saemsdantRideanawulaundnsaarses DMA WeAnen1ndasulladaes Storage modulus %38

AFE’ 1990aRA 9 Madn19Man $aNILN13ILAIIZWAN Glass transition temperature (T,) YBINARNADITNDAGILLATE
DSC BANAINNITNARBINLIIN AN T, PRINARAAUITNOATIY 2 NGNHAMNUANGANTUNNATA (p<0.05) Tneip T, 184
NAnTMaangu Control AAwiiu 31.1420.82 °C TadlArAndrsn T, 1eeudninemanitiunszuiunisaai
2BNNAUALEAT OD (41.17+0.58 °C) azifiuliinnssuqunsmaineannauazdasan Plasticizer TWHARA W agn
a o o o al g d‘ d?
HARSTTIMAININeANAT T el
wananuunIzuIunIsAsineangsdenarianisilaullastedAn Storage modulus (AEY) lunansinaiven

o a aa

agelAnuuansneiuataldadAynneais (p<0.05) lnanudnuIanmuile T, A1 Storage modulus (E’) 184

o o '

HARSTWIMaANGNALAN (Control) aRAdaENNT9AIE TuanziA £’ 10naniusmaafiiiunsyinunshsdneaniew

)}

Aa8ds OD Anasat1edi daiarsnldaindinialanuuilasaas Storage modulus w3a AE taaAn AE 299

a o [ 1 ISP Ve

HARAUTMaANgNAILAN (Control) HANWNAL 5.02x10° Pa Ten1nndnAn AE’ 1een@nsingimaniniunazuaunis

AeUNaannauaa8ds OD (1.51x10° Pa) T9gaunginsuinnisilanuuilataes Storage modulus Aa Q-relaxation

q

a

temperature (To) VBINARAUTINGA AIHUAY To VRINARADUTMAANGH Control FAWINAY 41.1340.83 °C A9ilAN

ANNIN To, TRINARTITMBATENUNTZLINNTANHNBBNNBUAREAE OD T9NANWINTL 60.93+0.88 °C (Figure 1)

T, (Control) = 41.13+0.83°C

1.00E+10 T,(0D) = 60.93+0.88°C

9.00E+09

8.00E+09 IAE o

(1.51x10° Pa)

7.00E+09 AE’ (Control)

6.00E+09 {5.02x107 Pa)

5.00E+09
4.00E+09
3.00E+09

Storage Modulus (Pa)

2.00E+09 T, (Control) = 31.14+0.82°C

Control
1.00E+09 - ... oD / T,(OD) = 41.17+0.58°C
1

0.00E+00

-20 0 20 40 60 80 100 120

Temperature (°C)

Figure 1 Storage modulus (E’) of plant-based crisps determined by DMA at frequency of 0.5 Hz with

heating rate at 3°C/min
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3. AMANHLYANEAANUTINDATENIWNNINALTN

HANNIILATIELH AN TATaINARN ITTaRTIHIUNIZLIAUNNTAsNBaNTaUALEAE OD wasHAnN T Manngu
Control WL91 gruuRAKAsaR MU NIBINAASTTan Tuszundenaifiuine Taawudnen Force 209uaAs U Man

NeUNITLIUNNIANNBENALEAT OD UATNARIWImMaANgH Control NLSNE tw gounnil 35°C wnauu 35 Ju

a

S0y =~ & o Sd g oo N = 2 o -
LAAAUTNANNAARATE AR TUNITIALSNEN “lummxmmmmnqummm 45°C dA1 Force ARIHARNTUNNARA
A H

ngx Control #Ageauluszndnenaiiuinmn dauan Force 19auaRiWImManfitnuNszLauN IR aaNIaUAILTE

v

D HAAeeiiNTmAntatszndnanIaiuinm (Figure 2)

o

—@-Control -0-0D —@-Control -O0-0D

250 35°C 250 45°C

N
o
o

= Z 200
Y 8
5 5
g w
150 150
o—o0 o—o0—0—0 oo—o—o—°
100 100
0 10 20 30 40 0 10 20 30 40
Storage time (day) Storage time (day)
Figure 2 Changes in hardness of plant-based crisps during 35-day storage at 35°C and 45°C
Discussion

1. NIRALUULANN NN EAINYBIEARAS DT

ANEANNINARBINLAIN AT aanTaun1mandatReaaTuda (OD) d9aAdAIINITNARL (Shrinkage
ratio) \ilsannnszuauntsinireantagenAuuseiuaaalida (osmotic dehydration) ilunnsAtineanuedanan
meluivensgianesenns i ulassaderesermsantenas danalindndnueiuianialnsainne
psuiuuazdeuietu Gannsiilassaiieasenmaiipuudeussazanunsndaatlasiuteannisuniaaes

HanAI RN luszUIanInanls (Krokida & Maroulis, 1997; Barati & Esfahani, 2012; Dziki, 2020; Osae et al.,

=

2020; Devi et al., 2021; Kwaw et al., 2024) Tsfigannaaanuuavasiasaznisgoides Usuimauaunas losdiuly

1 v
a =2 o v

a o [ ¥ a o [ aal Ny = 1= d’l
naRAUTIaNMITNannle TnaNaRAuTannEIuN1ANnaanAeis OD NT@EI@ZTW?Q@IL@EINWT] UANLTUN LA NTY

v '
o

wazlasiutiaenduansingings Control Bnvisnsyiaunmenan I lun1maaaailunssuaun1IMen LULGEIEIINIA B9

o

fuannisuaniagupannfauszudadniuinsiunieldgainia inliqanesaasinsiunieldaninsgoyinia
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[

ARAINGIUNYNAININ 90 BeATAITA TNReaNTANIIANFauTa lwamsiazgnanmnataag ATUENAINID

semgaananNandus languugdanaldgyoyiniandasguuni dszunns 70-90 eeAaidua asdoannng

v
o 1

= o & A a  |asa Py % o 8 o
Lﬂ@ﬂuLLﬂ@\iIﬂN@?'\\m@\iLu@Lﬁl’ﬂiu@’lﬁ’]i'ﬂ'\ﬂﬂ’]ﬁ‘mmﬂ{]ﬂ?ﬂ’w}’]\‘iLﬂﬂwﬂdqu mummmﬂﬂ?mmma@.msﬁumumm
dy o o YR o a o val
ANUIT AINTU LL@&ﬂ’ﬁ“VIWﬂ’]‘Hﬂ\?BmLL@xN@iﬁJ@Q@WN’Wﬂ?ﬂE’]ﬂmﬂ’]‘W‘}J@\‘iN@mﬂm"’mﬂﬂ (Yamsaengsung et al., 2008;
Andres-Bello et al., 2010; Zhang et al., 2018; Assawarachan & Tantikul, 2020; Su et al., 2021)

uanaINtunAnnmaafdIun1sAsneaanaa8ds OD Aaruuiansauninndnansusmanngs Control

o

Fednleainen Force g lunsvnanalasasauesnanssiven Insrn Force 1040aR 9 ManRH1LA13A91N28N

a v

2 aa 1 a o [ 1 nﬂl a o [ Adl [ = gol 2 aa =
A28 OD HATUBENTITINAANDUNNBANYN Control HAIRINNARAMTINAANNIUNITAUNABNALLAT OD HiTuu

1
= A

ANTUTINALAR TUNAR WA AT T9N19aRANTUINITNINNIINEA WLLAI NN ANLAINIIDLIERIIN 9T

e

TauAraTueananiieEenelulnsaieemsuasiinsesaninmidaeldatnemaiie v liuaninsmeailéd
ANHUZ WA LL@:ﬂ‘ifa‘U%u (Yamsaengsung et al., 2008; Andres-Bello et al., 2010; Assawarachan & Tantikul, 2020)
LAZAINNIINAABILES Nunes & Moreira (2009) W11 mm%uﬁgnﬁﬁm@'aﬂmnmﬁmﬁmm"afjmqm?ﬂum:muma
nenvn AR TR ealidn i e duianuianlse (oritle) danaliiAn Hardness inldanas atnglsfinn
AN U949 AN (mﬁ@/ﬁﬂm@) Laz1a7 14 1un13911 Osmotic dehydration muﬁ"@qmmﬁmﬁumimmﬁ
fanasednmnstodurareaEn s Tldduy (van Koerten et al., 2015; Adedeji & Ngadi, 2018; Piyalungka et al.,
2019; Su et al., 2021)

2. Thermal properties IBNHARATUTUAIAITNDA BASNI AL ANNINAEB AN LA T4

glass transition temperature

| v
a

nsfiAn T, 1eandningmenfiiiunszuaunishniieanieuiliAngendy 7, aesudnineimanngu Control

LanslFiudNnIsIINN TN e nie LAz it an LA TR T T Plasticizer B3¢ ltldanasianns
anasr09An T, lundniusiamisnanld (Silalai & Roos, 2010b) yanannunazlauifily Plasticizer #laasn
Glass transition temperature (T) Te9NARA LAY fadenasanisAsunlasautAnianavenans il
FURY BRI UNIYLIUNINE AFIHAR DN T A UULUAININEA LA SUTANIN ATRINE RS TN T 1E
%amsﬁ‘[m@qmmmmuﬁmﬂmﬂ?l'ﬂuuﬂmslmwdwmiwmfwﬁmmnmzmumiﬁL’?ﬁm'w Thermal plasticization
Tmﬂmw?@mz'ﬁﬂ‘vﬁmim%wmmmﬂﬂﬁﬂuuﬂmmﬂ‘ﬁ'ﬂgi“lugﬂﬂﬁmgm%m (Silalai & Roos, 2010b; Silalai &
Roos, 2011) TnenszuuAsineantewnananunsadee WHanA T menfildt anunseduiiesanninlulnsaineg

¥ ] ¥ a 1 1431 o :// dl Yo % ' =® o % dl dl
Hazasdenalilaseaisresanusimnuuiuiu ssiudea s lasuanufeulusznineanimanaminlinnsinaaui

£
a

193701878 (Molecular mobility) Tua1nistiaandianisidlassairsuuunasnse nigngululasafieieqn

a q

£ £
=

1 v a o/ gﬁl o ¥ v dl [ Yo =X ° ' k%
mfw:mNzﬂ;wmmmi@mummmuumwﬂuimqmwmmiwiuim mumzmumimm@aﬂnfauimmmu

o '

Tuszudnaniamann lnan T usinan i e RanHizaauvizainaudana s laanuaressunnslasiuuazen Force

' [
=2 s v o o

AT eflatnefl A UuaIARAN RS UN19LL A uula9a89 Mechanical properties %178 Q-relaxation behavior
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lundndusiman Ingaziiulddnidnnumile 7, M n1siasuuilaszesan Storage modulus vise AE lunansdouai
naANgN Control AININNGN AE’ 993HARA T NBATNHIUNI LU LA AN 2aN MDY (OD)
A deny o e o Y s 4 ~ «

uanNaINuAN Force NinlAaasuansiusimannsaua 2 ngu An1slasuulasninguundnldluniaiu
fnwn Tnsguuupiilunisiiuinuiaeinde 7, azilAn Force inunau Tasanadasiunisilasuulasees Storage
modulus 131304 Glass transition 814138481a1n Thermal plasticization AINNANINILANEN1951 A9tiaNTRNI9AN
Y y _ - - .4 X . .
7AUUBN Glass transition kA% Mechanical properties fHanaununldluniresunaniaidasuldasniaileduia e

naRAuTmannseuluszndnanszuaunisulsgluaziiiuinunle

Conclusions

ﬂixmum?ﬁqﬁﬁ@@ﬂﬁ@umimmzmm@ﬁi@@mﬁm&mw@wamﬁmﬁmm wazdlegaeanANTILAT NS
antsulunandueien uenaniudedeualsie Tgmmm'ﬁmﬁmm’mmﬁngﬁ?u Seazdrarzaeninidsuudas
mafuaRnanmueziledudaresnansnemeansauluszwinanniuine Iduutu smiimnuAeuulassat
N79NA (mechanical property) 131904 glass transition 38 Of-relaxation behavior faouduiugiunisasuulas
snnizifediiatesndndnueimen wu AINNIRLYBNHARWTMan lussudan sl g uasiiuine %'wwnﬂ?mﬂ@
flgweazaqlldinnszununenuazfninmfigniugigends T, agililaneairvewnafanaaaundadidizan
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