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Suchitra Wongprayoon 2007: Effect of Sucrose and Sodium Chloride on Physico-chemical
Properties of Cassava Starch. Master of Science (Biotechnology), Major Field: Biotechnology,
Department of Biotechnology. Thesis Advisor: Associate Professor Klanarong Sriroth,

Dr. Ing. 156 pages.

Physico-chemical properties of starch can be markedly altered by the addition of other ingredients.
Their effects are greatly dependent on starch types and concentrations, water contents, storage conditions (e.g.
temperature and time) as well as their types and concentrations. This research aimed to analyze physico-
chemical properties of cassava starch and its gel as influenced by sucrose and NaCl widely used as common
ingredients in a variety of processed foods. Investigations of swelling characteristic, pasting propertics,
rheological properties, gelatinization, retrogradation, freezable water, glass transition, x-ray diffraction and
textural properties of cassava starch suspensions and gels in various concentrations of sucrose solution (0, 10,
20 and 30%) and NaCl solution (0, 5, 10 and 15%) were performed. Swelling of cassava starch granules was
observed at a higher temperature in the presence of increasing sucrose and NaCl. Increasing concentration of
sucrose progressively shifted a pasting temperature of cassava starch to a higher temperature. When heated
in NaCl solution up to 10%, pasting temperature of cassava starch increased and then decreased as NaCl
concentration was further raised to 15% corresponding with rheological changes and gelatinization transition
temperatures. Trough, final viscosity and setback of cassava starch were also raised with respect to increasing
concentration of sucrose or NaCl. The maximum extent of retrogradation was observed in starch gels aged at
4°C, while significantly less change was found in sample aged at 25°C. Moreover, no retrogradation was
detected in all samples kept at -18°C. Sucrose tended to slightly promote retrogradation of cassava starch
aged at 4°C and 25°C whereas NaCl effectively prevented the retrogradation with increasing concentration.
Inhibition of starch recrystallization by NaCl was possibly contributed to partial ionic bonds of ions with
starch molecules and water. Glass transition temperature (Tg') of cassava starch gels was depressed and
decreasing amount of freezable water was detected progressively by both sucrose and NaCl. Sucrose tended
to increase, while NaCl slightly affected Tg' of cassava starch gels during storage. Hardness of starch gels
was also found to increase relatively with increasing retrogradation extent. These effects of sucrose and NaCl
on thermal transition and physico-chemical properties are of importance to the processing and properties of
starch-based products and can play major roles in the quality and storage stability of cassava starch containing

products.
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2.4 MSINAT ININTATY (Retrogradation)
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2
2.5 autianeduiloduia (Textural Properties)
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2.6 auﬂ’a’j’gmﬂmﬁ"lwa (Rheological Properties)
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Tumsnagou oscillatory test AR NsulsAuMIFUaLNOULUY harmonic 15U
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G* = T@®/Y®
Taoii |6*| - V(G'Y+@G")
TMW = T,.sin(@+0)
YO = Y,.cos(@t+O)
G = (T,/7,).cosO
G" = (1,/7,).snd
Tan0 = G"/G

e G* a0 Complex shear modulus [Pa]
T (t) A0 Shear stress ﬁ'nm“l@ €] [Pa]
Y(® @0 Shearstrain Anala g [1] W30 [%]
T, A®  Shear stress amplitude ﬁl’iﬂ@ﬂ’nmﬁjuiﬁ?c{ﬂ [Pa]
Y, A9 Shear strain amplitude H30AWIATHAGIA [1] N30 [%]
Q) Ao angular frequency [1/s]
8 A® Loss angle [O]
G R Storage modulus [Pa]
G" Ao Loss modulus [Pa]

Tan6 Ao Loss factor [1]
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Transition Sucrose Storage temperature °0)
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%R - %R, = exp(-kt) (1)
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Sucrose % Maximum Avrami exponent  Rate constant Half-time Coefficient of
concentration (%)  retrogradation (n) (k, day l) (t,,, days)  determination (rz)
0 45.58 0.53 0.50 1.83 0.946
10 42.05 0.83 0.36 221 0.961
20 42.79 0.59 0.47 1.19 0.942

30 47.03 0.57 0.56 1.47 0.967
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30 68201231 -1232+265  50424365"° 4365
Average -196.35 -8.31 -32.60
Springiness 0 0.84 £ 0.00 0.82 £ 0.01 0.88 £ 0.01 0.85
10 0.88 = 0.01 0.79 = 0.04 0.86 = 0.01 0.84""
20 0.87 = 0.02 0.83 0.02 0.86 = 0.03 0.86 "
30 0.88 = 0.00 0.81 = 0.03 0.87 = 0.00 085"

Average 0.87" 0.81° 0.87"
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Textural Sucrose Storage temperature
properties concentration (%) -18°C 4°C 25°C Average
Cohesiveness 0 0.61 £ 0.01 0.19 £ 0.02 0.90 £ 0.01 057"
10 0.65 £0.00 0.25 £ 0.08 0.91 £0.00 0.60 "
20 0.71 £ 0.01 029t 0.12 0.86 £ 0.01 0.62""
30 0.82 £0.00 0.33%0.10 0.8510.00 0.66"
Average 0.69° 0.26 ¢ 0.88"
Gumminess 0 17.13 £ 0.43 17.17 £ 1.70 3.76 £0.09 1269
10 14.41 £ 0.68 2244 %576 4271005 13.70
20 10.71 £ 1.29 2843 £ 11.52 7.61 £ 0.61 1574
30 778 £ 031 27.08 £ 8.21 12.16 = 1.06 1567
Average 12.50° 23.90" 6.95°

-4 v o '

v o a < o [ @ a L VA ] @ 4
nneme AonysnuwanannuluteufeIf tazdonyINuN a1t luaodul

SIS v

AOINULEAINTANUUANA0E1UTad AN p < 0.05, ns = not significant

o

v A

s o o o o A a ) Y A
ﬂWﬂﬂ‘UiﬂB1!%aUJSJ\TNuﬁ1ﬂ5ﬁaﬂﬂqmﬁ{]ﬂﬁ1@ﬂuuﬂaﬂ1‘114@@&{'\11]?’“

< [l @ [ ] Aa { { <
AU (Hardness) HANANAUDENNITETIAYNITDA (113199 28 1AzAIWN 57) Tagn13in

o ~ a =~ Y A < A A AdQd A a
INHIMNYUN YN 4 DIF BT ‘ﬂziﬁlﬁ]ﬁﬂﬂﬂﬂ’lﬂllﬂlﬂﬂ’lﬂﬂq@ TONENNINBRANINUNYUTINV

U U

Y
Y o

v 3 E4
-18 uag 25 oafuwalFod amd1au aAnududuveniaaglasaimuiIuinanonts

'
0w aad a 2

{ 1 < ll @ Y
LﬂaEluLL'iJﬁ\‘lf‘nﬂ'NllL!GINGUﬂﬂl%allﬂﬂﬂﬁﬂﬂﬁuﬁlﬁWﬂiyT]Wﬂﬂﬂ@lﬂﬂﬂqmﬁﬂNﬂWilﬂUiﬂHW Tag

£l

1 3 o A A a o q ¥ A < A Y
NUNNITNUVINHINGUHHU -18 DA ALY T wﬂm%auﬂmmmmumaﬂmmammmmu

3’ A dg’ I3 o A a ~ o Y = <
ﬂl@iuWﬁWﬁ%IﬂiﬁlWNﬂlu NIINUINHINGUI NN 4 DIAUB ALK ST ﬂWGlWL‘ﬂaLLﬁ\‘UJﬂWﬂ’NNLHN
A 2 4 g v J A = o s vy A
!fwuGuumaﬂammmummmmacﬂﬂimwumn 094920% MNDUUILAAAUANUDYLUDAITY
y 9 A 2 g ] o d' A - 0o q ¥ A <
mmmwmmﬂu 30% HAZNIINUINHINGUHHU 25 DAL ‘wﬂmﬁ]auﬂmmmmgm

A 4 4 v v J 2 2 ' 2 44 2 g A
meumammmumummmmaﬂﬂimwmu TasAA NV NV U UNANIINNITINA

@ ' < 1% 3 o { a
%T‘V]ilﬂimﬂﬂ! (Stephen, 1995) ﬂ”lﬂ'J111LLGINGU’E)\‘]L"l]ﬂlﬁaj\‘]‘ﬁaﬂﬂ1§Lﬂ‘]Jiﬂ‘]%l”lﬁ’f)ﬂ!‘Viﬂ3J 4 g 25

Q U

= I a = v Y a A @ A a J Y
DA UG AT T Lﬂu"lﬂ“lu‘nﬁmNmaaﬂmaﬂazmsmﬂﬂwsmimﬁyummmﬁwma DSC

a = !

{ o 3 o { 3 '
TuymzMnautandsmsmusnuNguugil -18 seruaadea 5 Insinsafieaanioouaiin

Y



113

a ~ a

< ' {3 o { 4 @
ﬂj'uJLLGU\nJ1ﬂﬂ31l%aﬁlﬂﬂﬁﬂy1ﬁqmﬁﬂu 25 DAL T ’f]']ﬂlﬁ@\‘lu']%']ﬂf]@li']ﬂ'ﬁaﬂqmﬁﬂu

U U
9

1 1A [ 1 9 1 =® = Y J =1
5$1"i’31\‘]ﬂWﬂLGIfLEI’E]ﬂLLGlNLﬂHulﬂ@m\‘]“lﬂ L%aUﬂsjQUW\‘]ﬁ"JH%\?ﬁ’lll'liﬂiiﬂﬁmiﬂulﬂﬂﬂ'J'I HONIINU

S o (= 1 A 1 [ o o o '
5$8$L3a1ﬂ15lﬂﬂiﬂ‘ﬂ1ﬂ\‘luNﬁ@lﬂﬂWilﬂﬁﬂullﬂﬁ\iﬂ'lﬂ'l'lulml\imﬂﬂlﬁ]alLﬁQNuﬁ’lﬂ%ﬁﬁ\? I@EJ‘W‘U'N

9

o o A A2 A4 a 9g 2 A <
L%ﬁllﬂquuﬁWﬂg‘ﬁa\‘]11ﬂ'J'liJl!GlJ\ilWﬂJslluﬂJ@lﬂ'Ulﬂuﬁ$ﬂ$l3a1u1umu1@]ﬂlﬂw1$macﬂW1uﬂ1§lﬂﬂ

a =

v v Y
Snufigunigl 4 uaz 25 esrwaiFed tagwuNmsnuaNuIuTuvenihmayaselull

U

a =

a a { ] 1 1 [ 4 S o !
m/l‘ﬁ‘WaﬁuuuauwammmumwmmauﬂuﬁammﬂmﬁQﬂMﬂu -18 g 4 DIAUB ALY

G
a =

a A3 o = a s A 4 A Y v
1uﬂ1m$mﬁmu‘ﬂﬂmfm§ﬂm‘mqmﬁﬂu 25 DA AT YT UATAITUUUYUNUVUILDANULVUUU

Y

Y v F4
ULREREL AL AT

D.

[ 3 o a
H]auﬂQﬁﬂ\‘lﬂWi!ﬂUiﬂH”lTlQﬂlW{]?J -18 f’]\‘]ﬁ“%’ﬂlﬁfﬂﬁ ﬁﬂ31uﬁ1ﬂ1§ﬂiu

A a o y \ { a
M3INZAAAITAN  (Adhesiveness) WINTIgA 509a9NIABIIANINUNQMYAY 25 HaY 4

a

1 Y E4
a

v Y
DIAUTALTOA AUAIAY (A15199 28 LAZAINN 58) NINDINTWAVDIANNITUT UV
Y

v a a o ] A A s o
g Iasaaennuanuansnlumsmzaaiiagueanaiusgiugungin ldlumsnuinm

)]

=

a a o { < {
wautl anwensalumamedaiiiaguowsaiinungunvgil -18 uag 4 esuvaiFoa i

Rl

Y A A ] J A 2 A
uuﬂuumzaﬂmmammmlmlwummmacﬁﬂﬁmwmu 1uﬂlﬂ!$ﬂﬂ31uﬁ1u1ﬁﬂiuﬂ15

a =

A a o Ad A A Y A O S | Yy v
Lfﬂ%ﬁﬂWﬂ?ﬂﬂﬂl@ﬂt%ﬁﬂlﬂﬂﬂqmﬁﬂh 25 oAU ALV Y lJLLH’JIHN%%%LWN%HLN@?\?WHWN%H

U

oy A d? S o =\ [ ~
éummmaqﬁﬂﬁmwmu 33&lznmmimmﬂmmauﬂmwaﬂamﬁnJaﬂuuﬂmmmmmmﬁlu

a o 1

a @ o Aana 1 < [ 1 a
fnﬁlfﬂ%@lﬂWﬂ?ﬁﬂﬂﬁﬂ\?ﬁﬂﬂﬁWﬂﬂJﬂ%‘lﬁﬂﬂ TﬂﬁlW‘U'ﬂﬂWi&ﬂ’Uiﬂ‘]slu‘ﬂﬁllﬂ\‘lﬁqmﬁ{]ﬂ 4

= o Y =\ A Aa o 1 1 A A I
RN RISISiG] ﬂﬂmﬂauﬂmmmmmmmiﬂclumimeﬂma’dﬂaﬂm@mm@mmm@mu

a S

<3| dg’ 3w A o 9 =
Wuszezraunuyu Lla5ﬂ15lﬂﬂiﬂﬁ1lﬁ]al!ﬂﬂﬂ@.ﬂ!ﬁﬂu -18 DR ALBYT ﬂﬂmﬁ]auﬂmmm

U

a a o A dg’ A g [ d?’ A 1 9
mmmu13a1um‘sm1m@mmﬂmmumammﬂuizElznmuméuu Glummw”luwmmﬂuu

a o

A A ' a Ad o A a
mﬁnJaauuﬂawuuuaummmmmmincluﬂmmz@mma’dﬂiumauﬁwmmﬂqumﬁgu

a
b4
=

9 v v v
25 peruralBed tazanududuvenihaag asaimuiu lilinafdanuasnnuainsolu

mamzaarigavessautlaiudilzvds

= v v o o . . 1Y 3w A
mmﬂﬂwqummmauﬂmumﬂzﬁwm (Springiness) HANNITINUINKYIN

a ~ A ' A [N 3 o A A
UNHY -18, 4 LAY 25 oAUy aLBY e NﬂTq\‘]ﬂ’J”lﬁla‘ﬂlliJW”I‘LlﬂWiLﬂiJiﬂH"l wasuanlasunilas
| 3 Y A A 3’ o Yy 9 ~ A
L‘WEmaﬂuaﬂiuamaxmmma«ﬂmanﬂszﬂummwmu (AT NN 28 LLAZHNINN 59) (11!“]]@43

NaNueuso lun1z3udaT U (Cohesiveness) yadautluiudilevdliaanategasanu

a =

[ 3w A A A A
HAINITINUINYINGUNYY 4 DIAUFALTY (199N 28 LLAZHINN 60) TﬂﬂlﬂaLLﬂQﬂ$Nﬂ1ﬂ15

U



114

% @ S o { a o w
Lﬂ’lgijllﬁ'lﬂUQQWﬁQﬂ15LﬂU§ﬂH1ﬁQﬂJﬁQN 25, -18 uag 4 IATAIFIT AU 1AD
v W Y I K <3 o A a d? £ o Y
ANUAINITOINIZTINAINUUETAITAAUDIANNLUULTIVDIRN UL Mol U AT Ui 11

o 1 1 { o 1 { Y [l [ [~ 1
@I’Jf]fl’l\‘]‘l’]“@lﬂl!ﬁ\?“ﬁﬂ’lﬂi%ﬂ'lﬂ@uﬁﬁ?@ﬂWQ%%ﬂlWﬂﬁ?@Llﬂﬂ@@ﬂ‘ﬂWﬂﬂu tlﬁﬂ\ialﬁlﬁu'l'lﬁlal!'ﬂﬂ

a =

=) 9 9 = ' Y £ A a d?’ |
ijﬂilﬂiﬂ‘lﬂuﬂﬁmﬂm‘ﬁﬂu 25 1a% -18 AUy ALKy e L!ﬂiﬂiiﬁﬂ\iﬂaﬂﬂlﬂﬂﬂluﬂWﬂiuLﬂﬁﬂ%N

U

< ' 4 oy A 3 @
AITULUILIINN L!ﬁZ‘W‘U'JHfIfJﬂ’JUJLGfljiJGﬁIUGU@\‘]uWﬂa“yiﬂiﬁlwueﬁuﬂ313J€T11|15ﬂlﬂ1$3']1|€5|'3

a =

o A £ A a 4 A 3 o
ﬂuslli’NﬁlEﬁlg3Jﬂ1€1\1“]]uiﬂﬂ!ﬂWTg‘IULﬂaV]LﬂﬁJﬂqmﬁﬂﬂJ -18 1A 4 DA UYAUYYT LUBDINUINH

U

o3| dgl o o [ = v W A
Wuszezauuyu ﬁ]allﬂQNUﬁTﬂzﬁa\ﬁlzllﬂinuﬁwinjﬂLﬂTgifJiJ@]fJﬂuaﬂaQIﬂﬂlﬂw'lglﬁ]a‘ﬂ

g A a ~
INUNYUNHY 4 AU ALY T

= <3| . o ) v A
AN NN ve9 (Gumminess) ellﬂﬂﬁlaLLﬂQNuﬁTﬂzﬁaQNﬂ1§IQﬁﬂ

q

]
a = [

1% 3 o a a a = Y
TAIVINUNUINHINGUNYN 4 DIAUB ALK (19190 28 LLATNINN 61) Tﬂflmmﬂmwﬁlz

U
Y 4

A 4 4 ) s 2 Y, Aa A - ~
L‘Wll‘U‘HL?J@ﬂ’J”I?JLsUllGUuGU@\TU”IWAIa%Iﬂiﬁqx‘]mu fJﬂL']uLﬁ]aV]LﬂTJVIQQ!WQEJ -18 DIAUHALHITN LD

a

J = I A dg’ ' 1 A ) o A 3 o A
mmmmumgﬂuEmi]zmmuammmummmm%auﬂmwmmsmmﬂqumwm 25

U

IR AT A



140

-18°C = o%
bsucrose
120 4 10%sucrose
B 20%sucrose
30%sucrose

100 o
z
» 80
o0
]
&S
5 60 -
T

Storage time (days)

140
1 0%sucrose
120 - | ZZZ4 10%sucrose
BB 20%sucrose
30%sucrose
100 1
z
(2]
%]
1]
j
°
5]
I
7
Storage time (days)
140

°
25°C [ 0%sucrose
120 - 10%sucrose
BRI 20%sucrose
30%sucrose

100 -
z
» 801
17
Q
&S
5 60
I

Storage time (days)

{ g‘ 1 J < o o [
ﬂ]Wﬁ 57 Wa%ﬂﬂu1ﬁ1a°§1ﬂiﬂl%}u%u 0-30% @@ﬂ]ﬂj]ﬂlﬁl\‘]%@\ﬂﬁ]ﬁl!ﬁ\ilﬂ!ﬁ]ﬂgﬁaq

a =~

Y 3w ! o3| @
Wa\jﬂ15lﬂﬂ5ﬂy1ﬁqmﬁﬂu -18, 4 1A% 25 93 UY ALY Wuran 0-21 U

U

115



0 -
-100
-200 1
12}
1%
1]
c
g
= -300 4
1]
ey
5e]
<
-400 -
[ 0%sucrose
-500 - 10%sucrose
B 20%sucrose
SN 30%sucrose
-600
0 1 3 7 14 21
Storage time (days)
0 - = =
-100 o
-200 A
1]
1%
Q
c
(9]
= -300 A
o
Q
<
e]
<
-400
[ 0%sucrose
-500 10%sucrose
B 20%sucrose
4°c 30%sucrose
-600
0 1 3 7 14 21
Storage time (days)
0 -
-100 o
-200 o
12
1%
Q
C
g
2 -300
Q
<
e]
<
-400
1 0%sucrose
500 - Wz 10%sucrose
BB 20%sucrose
250¢ 30%sucrose
-600
0 1 3 7 14 21
Storage time (days)

v 9
2 58 waveuhmag Insadudu 0-30% aeanuaunsalumsinizAariiague

v
= a

v o [ @ S o
L%ﬁll“ﬂmumﬂzﬁm HAINSINUINHINGWUHHU

3 ]
Wunan 0-219u

-18, 4 uag 25 DIAUFATOA

116



117

10%sucrose
30%sucrose

B 20% sucrose

=y

[T 0%sucrose

zzz

-18°C

10%sucrose
30%sucrose

BB 20%sucrose

NN\

1 O0%sucrose

bz

Storage time (days)

10%sucrose

XY 30%sucrose

[ 0%sucrose
BB 20%sucrose

bz

Jevag
219U

YU

“ﬂuwm 0

(days)

Storage time

4°C

ssauibuuds

ssaulbundg

guyoaiil
=\

E]

A

Storage time (days)
-18, 4 L1AE 25 DA UBALKY |

a

9y
g

ssauibunds

VUUU 0-30% ADANVYAN

o
UUNY

3 o A
‘U’iﬂHWIQ

NAINIILN

v
aay lnsal

Y]

NN 59 NaVD3



118

[CRNORNORN ) O OO O Q000
2222 2088 8883
5000 0o o0 oo
5888 SR 5553
w o nn w00 w nnn
R R R R R R R R 2R
o500 FAPAAEN ocooo
-q o Sde - q o
N B 7 N B 7 NEB 7
N\ NEY INT
N & 4 N& 7 NE 2
w
>
©
2
o
£
=
o
o
©
S
o
2
(2]
9 o
@® o [t}
- < o
: T T T T T T T T T T T T T T T T
o - — - o - - - o
SSBUBAISBY0D SSBUBNISBL0D) SSBUBAISBY0D)

=S

U -18, 4 Ua 25 a3 aLyy e

@

a
U

E]

v
=

A ANNITINUINHINYUNS)

Storage time (days)

<

9

VUUU 0-30% ADANUTINITOLNIETINAINUUDY

9

Y]

219U

v
aay lnsal

wantlafudnl

ﬁJunm 0

NNN 60 HAVDI



60
°
18°C [T 0%sucrose
BZzzZA 10%sucrose
50 1 BB 20%sucrose
30%sucrose
40 +
1]
1%
[0}
£
£ 30 A
€
>
(O]
0 1 3 7 14 21
Storage time (days)
60
4°C 0 O0%sucrose
10%sucrose
50 B2 20% sucrose
30%sucrose
w
(%]
[0}
£
IS
S
>
S
Storage time (days)
60
25°C
[T 0%sucrose
Wz 10%sucrose
50 o B 20%sucrose
XX 30%sucrose
40 |
12}
173
1]
£
€
S
>
©)
Storage time (days)

A J Yy 9 v = <
NINN 61 Wﬁ%ﬂﬂu1ﬂ1ﬁ°§1ﬂiﬁlﬂluﬂlu 0-30% ﬁ@ﬂ1ﬂ'§13JLWHEJ’JHJuEINGU’ENL%ﬁLLﬂQ

=

o o [ @ S o a
Hudznas HEIMTNUITNHINGUNIUY -18, 4 1ag 25 mmmm@ﬂa

3 )
Wunan 0-21 u

119



120

A = S @ g v @ C) (%
2.9.2 Waellf]\uﬂﬁﬂi"]ﬂﬂﬂﬂﬂﬁﬂhliﬂﬁﬂaﬂ‘]&lﬂ‘lglu@ﬁﬂWﬂ'“llf]\imallﬂ\iﬂuﬁ']ﬂgﬁa\‘]

NN 62 1Az 63 naaanyuzvosvauilaiudlendaznansiaaum

Y
Tnsenuanyuziilodudd (Texture Profile Analysis, TPA) vounautluiudrlevdududu
2} o A A = J Y Y [
30% (Tagrimiin) Tuaanznliaisazaranas Imasunas 1sauaY 0, 5, 10 Uag 15% a3

a =)

3 o ! 3| o o
ﬂ'li!ﬂ‘]JiﬂH'lﬁQﬂ!Wﬂll -18, 4 L 25 93y Wuszeza 73U AUy

U

Storage temperature
NaCl
Concentration -18 °C 4°C 25°C
(%)

10

15

1 (% % ) (% o
And 62 dnvazveanautluiudilzvdaluamsazaranas Isdenaas sty

a =

@ 3 o ! IS @
0-15% ‘Vimm’immﬂmﬁqm“mu -18, 4 1A 25 a3yl e Wunan 73U

U



121

1000
b a0
[ -18°C 0%NaCl
[ 5%NaCl
sco4 | == 10%NaCl
t —— 15%NacCl
— 600 A
z L
Q
Q
5 [
L 400 A
7
15 30
Time (sec)
1000
[ 4°C 0%NaCl
- 5%NacCl
L L N 10%NaCl
800 1 ——— 15%NaCl
z
[0}
<
o
[T
Time (sec)
1000
[ 25°C 0%NacCl
[ 5%NaCl
€04 | =—————- 10%NaCl
t —_— 15%NaCl
—~ 600 A
Z L
Q
o
o
L 400 A
200
0 T T T T T
0 5 10 15 20 25 30
Time (sec)

td' td' % Lﬂy v v LY ) v A
NINN 63 ﬂiW\l&Lﬁﬂ\‘]ﬂWilﬂaﬁluuﬂa\‘]ﬁﬂ‘]slﬂlzLu@ﬂ'iJWﬁﬂlﬂ\‘l!ﬁ]ﬁL!ﬂﬂﬂJuﬁWﬂgﬁﬁﬂﬁluﬁﬂTJg y
A =2 J Y 9 o S o A a
!ﬂﬁﬂicﬁlﬂﬂuﬂﬁﬂqiﬂlﬂluﬂlu 0-15% WaMSINUINHINGUNYY -18, 4 LA 25

= <3| @ A a J9Y A
parnyaFed 1JUna1 7 U H9AATIZHAIEAT0Y Texture Analyzer



122

a

y a @ % ) @ @ s o {
!ﬁ'ﬂw%Tifl!Waﬂymgﬂl@\u‘ﬂﬁwﬂquuﬁ'lﬂgﬁa\i Wa\‘]ﬂ'lilﬂﬂﬁﬂy'lﬁqmﬁﬂu

U

<3| @ @ { 1 o S o {
-18,4 uag 25 ’E]Qﬁ’ll“])'alct]:)'ﬁlﬁ Wuar 7 u ﬂ\?ﬂ’lWﬁ 62 W‘Uﬂ!ﬁ]awﬂwmmimmﬂmﬁ

a

a @ ] 1 {1 <] {
gl 4 sermuwaiBed sxlianvuzyuiunasunniwautliidiumsnuiguugl -18 uaz

I ' A A A = J o S o A
25 ALy e uazwmmauﬂﬂuﬁmaz‘wmﬂaeimmauﬂaa"liﬂﬁmmimmﬂymnﬂ
a = dgl A Yy 9 A = s A dg’ a 4
qmﬁ@,mzuaﬂymzalmumemmwwuummmaahm&luﬂaa”lﬁmwmm MNNITUATISH

P
Y A v v

wa o o o Aa A a N ¥
AUUANWNAUIUDTUNTAN 9 m@ﬂ&ﬂﬂllﬂﬂﬂuaTﬂ%ﬁaQiuﬁﬂ??%ﬂﬂmﬂﬂicﬁmEJllﬂa@]liﬂllﬂﬂﬂ

gauaaalumni 63 uaza1s1an 29



123

A wa dy v W o o o As oA = J
AT NN 29 ﬁiJ’UGILu@ﬁllNﬁﬂl@\?@ﬁllﬂ\?ﬂﬂﬁWﬂgﬁaQiuﬁﬂ’ngﬂﬂlﬂaﬂicﬁmﬂﬂﬂﬁ@uliﬂ

@ S o { a
Lélgl}ﬁJ"lglju 0-15% ﬁﬁ\?ﬂ1ﬁlﬂﬂﬁﬂ31°ﬁqmﬁﬁu -18, 4 uag 25 DIAUS AT

< o A a 7Y A
nJunm 7 AU LUDUATIEHAIYATON Texture Analyzer

REINULAAINTANVUANAIDE1

SIS

IR AGRT

Textural NaCl Storage temperature
properties concentration (%) -18°C 4°C 25°C
Hardness (N) 0 2828 +096"" 91.06 026 “" 417+ 0.08 "
5 320+0.18"" 74.02+0.70"" 3.92+030""
10 280%0.12"" 1537+ 1.63*C 286+0.16""
15 19440.13"" 2611+0.06"" 245+ 0.02""
Adhesiveness 0 29674+ 4226 11741596 1783 +2386"C
5 9649+ 17.10™" 7858 +29.68™" 33624 0.09™"
10 63.00+337™" 5153 +5061™  4730+3.96™"
15 4671+185™"  5697+271™" 43394 8.09™""
Springiness 0 0.84 1 0.00 " 0.82 001" 0.88+0.01 ™"
5 0.79 %+ 0.00 “° 0.89+0.00 ™ 0.83+001""
10 0.80 £ 0.00 " 0.85+0.01 " 0.80 +0.03 """
15 0.79+0.01™" 0.79+0.05"™"* 0.80 +0.00 ™*
. b,D c¢,D a,B
Cohesiveness 0 0.61 £ 0.01 0.19+0.02 0.90 +0.01
5 0.82+0.00"° 0.73 +0.08 ¢ 0.92+0.00""*
10 0.85+0.00 ™" 083 +o0.12™" 0.92+0.01*
15 0.87 £ 0.00 ™" 091 F+0.10™" 0.91 +0.00**"
Gumminess 0 17.13 043" 1717t 170" 3.76 £ 0.09 ™"
5 26410.15"° 5427+ 180" 359+ 028"
10 237%0.10"" 12.60 +0.95 ¢ 262%013""
15 169F011"¢ 236%0.10"" 223+0.02""
v o a SR A 1] = ] v o a o A o ] 4
Mg AonyINuiEanaeiulutaufednu wazd@onysnu Inaiaenulunedul

ﬁ p < 0.05, ns = not significant
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mﬁmiwﬁ Linear Viscoelastic (LVE) Range
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