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Effect of Storage Conditions on Retrogradation,
Physical and Chemical Properties Changing of
Extruded Rice and Soy Snack
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Abstract

The aim of this research was to evaluate the effect of storage conditions on retrogradation
reaction and physical (color and texture profile) and chemical (amylose, amylopectin and resistant
starch content) changing of extruded rice and soy snack. At first, the effect of storage conditions
(temperature: -18, 4, 28 and 50 °C and time: 0-6 months) on retrogradation was determined. The
result shown that, the higher storage temperature (28 and 50 °C) resulted in faster retrogradation
than lower storage temperature. Longer storage time showed the tended to higher retrogradation
temperature and amylase-lipid complex could be found. Then, the effect of storage conditions on
physical and chemical properties was examined. The result found that, the main factor effected to
quality and property of extruded snack was time and interaction of time and temperature (p <0.05),
while the temperature was affected for some properties. The change of L*, b* value, crispness,
amylose/amylopectin and resistant starch content was storage time. The storage temperature gave
a strong significant effect on a* value and hardness, but no effect on crispness and resistant starch

content.

Keywords: storage conditions; retrogradation; physical and chemical properties; functional property;,

extruded snack
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profile)
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2.4.7 Ysunaueiilaauaziodilaimasiu
(amylose and amylopectin content)
AiAszdnudsivinglugile
Amylose/Amylopectin Assay Kit (Megazyme,
Ireland)
2.4.8 M7ILATwAUTU LTS TauLaun
(resistant starch)
AiAszdnudsivinglugile
Resistant Starch Assay Kit (Megazyme, Ireland)
2.6 N15ITUHUNITNAABILALANST
Aaszidayanieaia
TNUNUNITNAADILUY factorial design
AnwidnsnavesaniiznisiiuineininSueii
naaauly 2 Uade loun gaumail (4 seau ldun -
18, 4, 28 way 50 DIANYALTEE) LAZIZHLLIA
(FEnwnduan 6 wew) laediasgidoyanisada
a8lusinsu SPSS® version 12 (SPSS Thailand
Co., Ltd.)
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a13190 1 nsifinsinsinseduluvunrume) degumgiuazsveziatlunsinusnwindnsiaueisng o i

Syu 1t Peak 2nd peak
vl | A (retrogradation) (Amylose-lipid complex)
(#9U) | On set (°C)| Peak (°C) |End set (°C)| AH (J/g) | On set (°C) | Peak (°C) |End set (°C)| AH (J/g)
fegAIuAu
(0 dow) 72.33+0.78|75.23+0.62 | 83.81+0.10 [ 0.39+0.01 ND* ND ND ND
1 ND ND ND ND ND ND ND ND
i 2 152.31+0.00|55.06+0.00 | 63.50+0.00 | 0.32+0.00 ND ND ND ND
e 4 |55.35+£0.00(61.24+1.56 |68.29+4.76 | 0.55+0.11 ND ND ND ND
6 [70.03+0.64|73.23+0.40|81.47+1.03|0.36+0.00|116.26+2.68 | 117.68+1.95|120.98+0.68 | 0.35+0.18
1 ND ND ND ND ND ND ND ND
i 2 - 53.91+0.00|69.42+0.00 | 0.40+0.00 ND ND ND ND
e 4 |59.77£1.36|64.62+2.51 | 76.89+0.34 | 0.64+0.07 ND ND ND ND
6 [70.89+3.46|73.99+3.56|83.16+3.20|0.42+0.09 | 108.80+2.24 | 111.39+4.16 | 116.24+6.81 | 0.25+0.01
1 67.43+0.00|71.12+0.00 | 76.68+0.00 | 0.27+0.00 ND ND ND ND
i 2 |48.87+0.00(56.19+2.98|68.26+0.69 [0.35+0.05 | 98.26+0.00 [ 110.13+0.00|113.11+0.00 | 0.20+0.00
8 4 |58.52+0.00]62.72+0.00 | 80.87+0.00 | 0.71+0.00 [ 110.05+2.04 | 114.96+3.91 | 122.86+0.11 | 0.22+0.05
6 [57.39+0.00[61.35+0.00 | 68.25+0.00 | 0.20+0.00 ND ND ND ND
1 65.38+0.00 | 70.77+0.00 | 76.85+0.00 | 0.54+0.00 ND ND ND ND
i 2 46.93+0.00{53.91+0.00|67.45+0.00 [ 0.40+0.00 | 105.55+0.00 [ 112.65+0.00| 116.07+0.00 | 2.39+0.00
20 4  161.36+£0.52|66.57+0.24 | 69.55+2.96 | 0.56+0.00 [ 109.76+2.50 [ 115.86+1.65 | 124.08+2.39 | 0.75+0.25
6 [69.27£5.90(72.00+6.89 | 78.47+9.87 | 0.29+0.23 ND ND ND ND

*ND = not detected
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(-18 uaz 4 °C) uAdlaiusnwindndueingamgl
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natans Bty (To) Fedwwalulananaldaiuise
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Tunsiiusnuniinadenisiasy wlasanuaing
vowansiue lneszezianiinauinnitgangily

< a = & A
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sryganfdmanaaInuanauiy nanis
VAaoLTULAEITU Sowbhagya wazAny [12]
Anwianuasiivesdlundnduaiendntusening
51U nudnsseznafiiuturinliauaing
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q U

X
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Y Y
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a ] A o ¢ & 4 a & o '
AN 2 AT LY, a* bay b* UBINAANUNYUNYULALINGUNNULAL TZISNITNUINYINN 9

L*-value

a*-value

b*-value

-
[120)7)

-18 °C 4°C 28 °C 50 °C -18 °C

4°C

28 °C 50 °C

-18 °C

4°C

28 °C

50 °C

0 [82.03+0.18(82.03+0.18|82.03+0.1882.03+0.18|2.44+0.13

2.44+0.13

2.44+0.13

2.44+0.13

23.76+0.28

23.76+0.28

23.76+0.28

23.76+0.28

1 183.98+0.44(84.13+0.62(83.57+0.30(84.47+0.33(1.85+0.17

1.84+0.15

1.94+0.17

1.90+0.16

21.25+0.42

21.17£0.30

21.63+0.49

21.47+0.19

84.78+0.64|83.43+0.48|84.67+0.05|84.10+0.34|1.53+0.20

2.06+0.18

1.60+0.07

2.28+0.18

20.21+0.37

22.19+0.38

20.81+0.34

21.56+0.45

84.13+0.38(83.95+0.16|83.28+0.40(83.48+0.37 | 1.69+0.16

1.68+0.19

2.17+0.04

2.43+0.16

20.90+0.39

21.20+0.10

22.00£0.75

22.20+0.48

82.63+0.36(82.32+0.62|83.00+0.36(82.93+0.98| 2.22+0.19

2.25+0.17

2.03+0.06

2.62+0.17

22.30+0.13

22.67+0.20

22.24+0.26

22.78+0.54

82.22+0.16(81.97+0.36|82.14+0.32(81.95+0.43| 2.22+0.10

2.03+0.12

2.25+0.13

2.79+0.30

22.57+0.04

22.65+0.53

23.08+0.18

23.16+0.45

Nl B[N

85.99+0.14(80.26+0.29|82.73+0.17(80.35+0.13| 1.24+0.10

2.57+0.03

1.98+0.14

3.60+0.09

19.66+0.28

24.89+0.05

22.41+0.84

25.78+0.39

M13199 3 A1 hardness, crispness wagUSuauLlGBauauivemdndusivunvupe g linagssey

MaAUSNYIRIS

Hardness (g)

Crispness

Resistant starch content (g/100 g sample)

-18 °C 4°C 28 °C 50 °C -18

°C 4°C

28 °C

50 °C

-18°C 4°C

28 °C

50 °C

2621.75+246.17|2621.75+246.17 | 2621.75+246.17 | 2621.75+246.17

8.60+3.24

8.60+3.24 | 8.60+3.24

8.60+3.24

0.26+0.02 | 0.26+0.02

0.26+0.02

0.26+0.02

3509.95+186.32 | 2864.40+120.20 | 2564.67+135.73 | 2730.06+136.74

12.70+5.74

9.40+3.06 | 9.70+2.71

9.20+2.10

0.20+0.01 [ 0.21+0.03

0.22+0.01

0.20+0.01

3304.26+270.60 | 2611.62+207.61 | 3046.44+198.09 [ 2921.04+195.87

11.60+2.68

7.50£1.51 | 10.60+4.27

9.60+4.53

0.20+0.02 | 0.19+0.02

0.17+0.04

0.18+0.02

3016.75+176.102723.68+112.17 | 3220.81+161.27

11.80+4.83

11.80+4.57 | 11.50+2.59

10.80+3.65

0.22+0.01 | 0.23+0.01

0.20+0.02

0.21+0.01

2987.24+110.67 | 3023.21+259.60 | 2855.87+288.19 | 3281.23+333.54

8.70+3.23

10.70+3.62 [ 11.50+2.07

14.60+6.13

0.25+0.01 | 0.25+0.01

0.22+0.01

0.25+0.01

3134.46+197.49 | 2798.56+222.10 | 2528.14+165.45 | 2992.28+287.92

13.20+3.99

13.20+4.59  9.20+4.57

9.50+2.22

0.29+0.03 [ 0.28+0.01

0.29+0.02

0.28+0.01

0
1
2
3 |3177.65+£230.35
4
5
6

2672.90+375.80 | 2684.12+326.69 [ 2297.81+193.39 | 3202.42+184.75

8.40+1.84

8.90£3.11 | 8.40+1.65

12.90+5.93

0.28+0.01 | 0.26+0.01

0.27+0.01

0.27+0.01

3.3 BNSWaVLIEN1ITN1TAUSNEIAD
AnwailaduNEYa AN
<@

A1ULYY (hardness) WAZAINUNTOU
(crispness) faidunndnvuzfiddyvoindnsiue
YUUVULAYY FAAgUNANANAUNVUNVULABING
maﬁﬂ'ﬂmmLL%qﬁﬂLwimmﬂuﬂiauqﬂ AR NWYY
Waduiasananienaiinsildsundasiiaifiusnw
I3 = < pRpRp a
Jwaauiu vieiuliluniligamaglisng 9 990
A1INABBITIRNWINAVDIAN1ILAITAUTN 6D
AN vuzAulodulavemandugvuNvULAL)
lanasanis1e9 3 Welinsgvideyaniaiinuii
gauugiuazszazarlunsiiuinuinananis

o o

WasuwUasranuudsedisdidedfty Tneanmgl
finaunnndrsgezaitunisiiu (Ra1sanain F-
value) lureh szeghaniinasionisilfsunya

ANNTOUTIBINAR AT oE sl Ted1Aty dau

gaunnilliifinasior1nnunseu Tuvaensvswasiu

sEnivgnngiuazszeziadmasnennunls

WaTAINNTBU (p < 0.05) A8

Ngaungige (50 °0) wuinvinlvindn

Saugmiusnuiianuudsgaiign Wenuszezim

6 1oy tesnANULdlliaNuduiusfuUSuIu

o

AMUTUTUNANN U9 FI9INN1TNARDINUINUSUU

AUTUVDIH
ANUTUANAIAER

RERHBIIRTHEN

a o

4

e

ARNNUN

=

RNEN

YU INNNTIIN

PN

P

a

MmAuSnegungiigs &
NAYINMAIINNT LRIV B

NANA NI AL LIRS

wazaylduauduiuies Falvnanisnaass

WUREIU Yu kagang [13] Anuittnagnasd

AU ARLTULTI D EELIAINISRUUIUTY

SEeLANUNTAUSIAUILTY dina

AOANUNTOUVBINAAT U AN ITAUSNIUIUTY

Twwldunashlvinunsouliingsty delvinans
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NARDUIULAYINU Larsen Lagauy [14] %ﬁmawﬁ
AunsouiingetulundnSueidl8aiku
NSTUIUNTRNGNITU dlewdeuiieuiisseznis
Audfiudu (310 3 uar 10 Wieu) waznans
NAABIVBY Hirte wazmaly [15] %qﬁﬂmmmrﬁau
vosinvunds nuindieriussesnauuduay
nsouvesivuLdasiinty 91nmsfinuues
Favuutlsanas nandasitinisgaydonutuhli
RAauaznseunTy Wuieafuauudtines
3.4 3NZWaVaIEN1ENISUSAYIRBNS
WasuwlasBiunaueiilaguazuafilamaiiu
gnsauvesUTuuLellaguazeilla-
waRy $5vEnaseantfiang q veswdnueiviiiy
NITUIUNITENGNITU FIBE 19U N1TNARDIVDS
Launay L& Lisch [16] ixudﬂé’mﬂmiwmﬁwm

a

wanSasiazanailoviinaueilaauesingiuild
Lﬁm_jﬁéﬁu IummxﬁﬁmmmmLLaﬁIaLWﬂauﬁqﬁu
agvilldnanfeiidanumu Andodeudeu
anuianguuasduiofeiifniinsldingiud

fUsunaueiilaags [17] uenwileantuaiuTuiu

ypsnsiladlazerilanafudilinaneaudfnig
Ivauaganutunile [18] vowwdst1iluauaneu
Faudsmenszuunsiendngiu Tnewdeusana
yosuadlaaiugety axviliutadanudunie
dingadu ilesnnnlassadisvesuedi-laaduiily
meluliana
nani1satAsIsiUsuIunediladuay
woflampRulundnfusiuunuiRel Fimnsed 4
dlodiasnesideyanieadd nuinguugiuay
srozarlunsifiuinuniinasenisiudsundas
Uinaweilaauazueilamaiu Tuvasiidndna
PsTIgungiuarsreziaifdmasneyiunm

o w

fanangunuegeiited1Aty (p<0.05) lauszes
nanfaunnIgamaiiunisiiu (Re1sanain F-
value) fiszozinanunuiunuinuusltme Ui
waillagazanad LuLAeIAUNIININaBIwes Kumari
warmnz [19] finuiuSinaseiladanadluenmns
wionsuussmuivinannsyfindeniusyermsifiv

6 LU

a15190 4 Ynauwellaauazuelilainafuvemdniugivunvufeiiionmgivaysseensiiuinyieg 1

- Amylose % (w/w total starch)* Amylopectin % (w/w total starch)*

e -18 °C 4°C 28 °C 50 °C -18 °C 4°C 28 °C 50 °C
0 8.15+1.36 | 8.15+1.36 8.15+1.36 8.15+1.36 91.85+1.36 | 91.85+1.36 | 91.85+1.36 | 91.85+1.36
1 8.16+0.77 | 8.74+0.26 | 10.14+1.49 8.90+0.28 91.84+0.77 | 91.26+£0.26 | 89.86+1.49 | 91.10+0.28
2 8.63+0.84 | 8.81+0.34 | 8.94+0.35 8.36+0.89 | 91.37+0.84 | 91.19+0.34 | 91.06+0.35 | 91.64+0.89
3 7.45+0.85 | 8.77+0.51 9.51+0.51 9.57+0.47 | 92.55+0.85 | 91.23+0.51 | 90.49+0.51 | 90.43+0.47
4 9.92+0.52 | 9.67+0.72 9.57+0.23 10.00+£0.23 | 90.08+0.52 | 90.33+0.72 | 90.43+0.23 | 90.00+0.23
5 7.90+0.68 | 8.41+0.59 8.22+0.44 8.16+1.36 92.10+0.68 | 91.59+0.59 | 91.78+0.44 | 91.84+1.36
6 7.44+0.31 | 7.46+0.54 | 7.48+0.60 7.23+1.24 | 92.56+0.31 | 92.54+0.54 | 92.52+0.60 | 92.77+1.24

3.5 BNSwavasan1lzn1siAusnuyIda
USuaund S Tauaun

wile3Tauawi Jundsisneuywdl
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annsolumsduaiugunnld sateilliinee
Usinauilsfaunuvivendndasivunuuiie Tne
14 Resistant Starch Assay Kit (Mega-zyme,
reland) fian1zn1sifiusnwisng 4 efnuds
Egm‘mgﬁLLaxizwL’;aﬂumiLﬁu%’ﬂmﬁﬁmasiami
WasuwlasUSnamdlsiangn arnnismaasdlana
Fam15197 3 FanudadeiiRnwiunsadedidiwa

fon1slasuwlatuSuiandessdannusiagngdl

@

dodAgy (p<

o

0.05) lauA szeziianlunisiiusnm
uardvsnasinsenieumviuazsvugialndma
Aon1sasunlaslunansdaunuiaae diu
gaumgilunisiiuinelidianadifangt R
THAN15MAaDafiuand1afy Mangala wavame
[20] nanigumgiinasiensiUAsuLasUiun
wSTaununlunanineinms kaannshiau
Youdiganin (125 °0) vilviiAnnisiUasuutas

laseaina ianssumiuvedassigvadluana
wls

AszezaIN AU e LRI ULy

°

P lAUS U uwdaSTannuniud usgedl

o
o

79
HedAgy Tnan1svmeastulAeaiu Namratha
warAmg [21] FaAnwruSurandesdaununluy

nan A1 snSausulsEuniusne iUy

N =

4 iy JUSU uwdaSTaununiuduesgiadl

[ '

o 19 . &=
YE1AULIUNU ey Kumari lagatde [19] nAnw)
1

<

9
YSunaundaS8aunurilunan i a1 n1sniay

o

SuUsemuindnansyiiafiiusnwly 6 Liou
LAENUINANITIANTUVDILT IS TALAUN WA bNE

A15NARBINLANAT9AU Niba [22] Fefnw1Usunn

4 3

wiaSTawnunlundnduainanvuuds Ingnuin

v
=

USuraundenanarindulugag 4 Tunsn way

Al

anasluiun 7 73 3 guuniindnw (20, 4 wag -18
oc)
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3.6 HAVBINTSLANSINIINIIATUADENUR
MINMENLazAiive AN AMeTUULYULAE?

nsnaaesilillaiiasiest % n1siAn

Snsinsiedulundadusilundazdmaans 39l

v
a =

ANUNSOWANIANUFURUSALARY U AU TRA U

fing o lundndusivunvuies Weswinudnsiu
fananiinanadiunavatesindsvinlin1senu
wagdATziAeng o ilden wianasaseyladn
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dvswavesanznIsiuneaudRfIuAIg 9 U89
AR SusvuLYUAE WelUTsuiisuiunisiin
sinsiady anunsouananuduiusl g

3.5.1 nstinsinsinsiaduliddinaiu
Fuusiumsdsuudasdvemdnsne Wosan
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3.5.2 NSRRI INSIN ST UENAUSAU
nswdsuudasdnvasbeduiavenanduet Tu
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Snsinsiaduiiiviuinavhlidianuudansyang
Lﬁquﬁu annsnnassfilalinaldy Weafunis
VnaBIe Kingcam wazay [23] Fadnudvina
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[24] anpaodudnagn
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AsilAsuwUasuSunaueiilaalundnd ey uLuU-



T 26 avuil 4 nsngrax - Ravinu 2561

15815 Memansiazinalulad

1A 9INNNsNRaesiludmaassfifinnsiinslnsg-
insedugaaznuuTinauelaaniinit (gumgd
AIUAYITELIAIUIL) FauAntuanmsdsunlas
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3.5.4 ANSLAASINSIATIATUFURUSAU
nsiUasuslasUSunaudadaunus nanane e
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Fu azvilrUsuandadBaunuiiiu iy Fan1s
Va0 LAl uLR g A UUIToves Park wag
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