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Effect of Storage Conditions on Retrogradation,
Physical and Chemical Properties Changing of
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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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Tushufia (full fat soy flour) imnansie (sugar)
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resistant starch assay kit (Megazyme, Ireland)
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AU % moisture
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gun il 30-140 °C

2.4.5 & (color)

degeiildainnszuIunseng-

nyfunazsiunsuadieiadesun vssaldluge
wanafinla warTndlagldiedesind (Spectraflash
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2.4.7 Yuauueiilaauaziodilaimasiu
(amylose and amylopectin content)
AiAsizdnudsivinglugile
Amylose/Amylopectin Assay Kit (Megazyme,
Ireland)
2.4.8 M7ILATwAUTU LTS TauLaun
(resistant starch)
AiAszdnudsivinglugile
Resistant Starch Assay Kit (Megazyme, Ireland)
2.6 N15ITUHUNITNAADILALANST
Aaszidayanieaia
TNUNUNITNAADILUY factorial design
AnwidnsnavesaniznisiiuineindnSudii
naaeuly 2 Uade loun gaumail (4 seau loun -
18, 4, 28 way 50 DIALYALTEE) LAZIZHLLIA
(FEnwndunan 6 wew) lnediasgidoyanisada
a8lusinsu SPSS® version 12 (SPSS Thailand
Co., Ltd.)
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A1390 1 nsifinsinsinsweduluvunrume) degumgiuazsveziailunsinusnwindnsiaueisng o i

Syu 1t Peak 2nd peak
vl | A (retrogradation) (Amylose-lipid complex)
(#BU) | 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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q U
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(-18 uaz 4 °C) uAdlaiiusnwindndueingnmgl
qqfﬁu (28 waz 50 °C) @1UITANUNITLANANT
UsgnouBeadounailaawazladulaiiioiu
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a o | a
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Qm‘mqﬁ 50 °C uanmnﬁ A19LAnaNsUsEnau
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WAnslnsinsiaduaeg [10]
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INMITANYINATDIANIZNITHAUTNY (Rl
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A1 L* F9UIUBNIIAINUAINIVDINER

v
1 '3 fala o

Sadimniiasiniwansdenisindnsudiians
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vowansue Inuszezianiinauinnitgamgiily
A154AU (915041970 F-value) Feszazn1suiud
duduildanuainianasedsiidedify (p<

0.05) luLALINUBNTNATINTENIQUM) Ay
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Y Y
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a . a o ¢ & 4 a & o '
AN 2 AT LY, a* baY b* YDINAANUNYUNYULALINGUNNULAL 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 BN

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 wazUSunauulGBaunuivemdndusivunvuhe g iinagssey

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+176.10|2723.68+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 BNTWaVLIEN12TN1TAUSNEAD
AnwaladunEva AN
@

A1ULYY (hardness) WAZAINUNTDU
(crispness) faidunndnvuzfiddyvoinansiue
YUUVULAYY FALALUNANANAUNVUNVULABING
maﬁﬂ'ﬂmmLL%qﬁﬂLwimmﬂuﬂiauqﬂ AR NWYY
Waduiasananienaiinsildsundasiiaifiusnw
I3 = < pRpRp a
Jwauu vieiulilunfligamglisng 9 910
A1INABBITIFNWINAVDIEN1ILAITAUTN 6D
Audnuazaulodulavemandugivunvuide?
lanasanisnei 3 Welinsgvideyanisaiinuii
gaungiuazszazarlunsiiuinuinananis

o o

WasuwUasranuudsediedidedfty Tneaamngl
finaunnirszeziaitunisiiiu (Ra1sanann F-
value) lurauei szeghanilnasonisiufsunua

ANNTOUTRINARAuToE sl Ted1Aty du

gaunnilluifinasior1nnunseu Tuvaensnswasiu

sEnivgnngiuazszeziaidmasnonnunls

WATAINNTBU (p < 0.05) A8

Ngaungige (50 °0) wuinvinlvindn

Saugmiusnuiianuudsgaiign Wenuszezim

6 oy tesanauLdallianuduiusiuUsuiu

o

AMUTUTUNANN U FI9INN1TNAFDINUINUSUIU

AUTUVDIH
ANUTUANAIAER

HEARSaNLES

a o

9

e

ARNNUN

=

RNEN

YU INNTIIN

PN

=

a

MmAuSnegungiigs &
NAYNMAIINNT A9V B

NANA NI AN WIA

wazaglduauduiuies Falvnanisvaass

WUREIU Yu kagang [13] Inuittnagnasd

AU ARLTULI DT ZELIAINITRUUIUTY

SEuLANUNTAUSIAUILTY dana

HOANUNTBUVBINANS U LAUNITAUTNBIUIUTY

fwwldunasihlvinunsouliingwy delvinans
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NARDUYIULRYINU Larsen Lazauy [14] %ﬁmawﬁ
AunsouiitiugedulundnSusid1l8niiky
NSTUIUNTRNGNITU dlewdeuiieuiisseznis
Audfindu (310 3 uar 10 Wieu) waznans
NAADIVBY Hirte wazmaly [15] %qﬁﬂmmmm%
vosinvunds nuindieriussesnauuduay
nsouvesivuLdasiiinty 91nmsfinudues
Favuutlsanas nandasitinisgaydoniutushli
RauuaznseunnTy wWuieafuanuudiues
3.4 3NZNaVaIEN1ENISAUSAYIRENS
WasuwlasBiunaueilaguazuaflamaiiu
gnsduvesUTuuLelladuazadlla-
waRy $3vEnaseantiang q vewdnfueiviiiy
N3TUIUNITENGNITU FIBE 19U N1TNARBIVES
Launay @ Lisch [16] 58U3180311500967U84

a

nandugIvanasdlaUsunaeilagueaingAunty

wingu TuvagnuSinameeilamaiuiigay
e lnlanEs Auandanuwl Rdlewlowseu 1
audangunazilulediedifninisldingaun

fUsunaueiilaags [17] uenmileantuaiuTuiu

Ypsnziladlazeviilainafudilinaneauifnig
Inauaganutunie [18] vowwdst1iluauaneu
Fautsmenszuunsiendnyiu Tneideusana
yosuadlaaiugety axvinliutadanudunie
dingadu lesnnnlassadisvesuedi-laaduiily
eluluana
nan1satAsIsiusuIunediladuay
woflampRulundnfusiuunauien Finnsedi 4
dlodasesideyanieadd nuinguugiuay
sruzarlunsifiuinuniinanenisiudsunlas
Uinaweilaauwazueilamaiu Tuvasfidnsna
PsTHIgungiuarsreziaifdmaneyiunm
fanangunuegeiitiedAty (p<0.05) lauszes
nanfkaunnIgamaiiunisiiu (Re1senain F-
value) fiszozinanunuiunuinuus e sUsunm
walllagazanad LuLAeIAUNIININaBIwes Kumari
warmnz [19] finuiuSinaseiladanadluenms
wionsuussmuivinannsafindeniusvermsifiv

6 LU

a13190 4 Ynawellaauazuelilainafuvemdniugivunvufeifionmgivaysseensiiuinyieg 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
USuaundeSTauaun
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annsalunsanaiugumld vuiseildtiaee
Usinauuilafaunuvivenandasivunuuie Tne
14 Resistant Starch Assay Kit (Mega-zyme,
reland) fian1zn1sifiusnwisng 4 efnuds
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Fam15197 3 Fanuidedeiifnwiunsadedidiwa
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o
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