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Effects of Taste Substances on the Physical Properties of
Corn Starch Pastes. IIl. Saline Seasoning (Sodium Chloride)
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The effects of sodium chloride (NaCl) on the rheological properties of corn starch paste samples
were studied by steady and dynamic viscoelasticity measurements, DSC measurements, and micro-
scopic observation. The concentration of NaCl was varied between 0 and 25 wt%. The viscosity of the
pastes in the presence of NaCl underwent a variable change according to the NaCl concentration. The
effect of increasing the viscosity of the pastes was enhanced with NaCl concentrations below 5wt%
and above 15wt%. When CI~ could penetrate the starch granules, the hydrogen bonds were ruptured
and then the viscosity increased. However, the gelatinization temperature was sifted higher and the
enthalpy increased with increasing NaCl concentration up to 10wt%. The viscosity of the starch
pastes with intermediate NaCl concentrations (between 5 and 15wt%) therefore decreased, because
swelling of the starch granules was prevented and complete gelatinization did not occur.
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Fig. 1.

Shear viscosity of 3 wt% corn
starch paste in the presence of
sodium chloride (NaCl) as a func-

tion of NaCl concentration. NaCl
concentrations were varied
between 0 and 25 wt%. Mesh illus-
trates the shear viscosity of con-
trol. Tests were made at 25.0 °C.
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Fig.2. Sodium chloride (NaCl) concen-

tration dependence of shear vis-
cosity 7 (triangle), 70 (circle)
and 7100 (square) for 3 wt% corn
starch pastes at the shear rates
of 1, 10 and 100 s™*, respective-
ly. Closed symbols represent the
viscosities of control. Measure-
ments were made at 25.0°C.
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Effects of sodium chloride (NaCl) on
the gelatinization temperature and enth-
alpy for 3 wt% corn starch. 7o: onset
temperature, 7,: peak temperature,
T¢' : conclusion temperature for

Fig. 3.

amylopectin gelatinization, 72%: conclu-
sion temperature for amylose-lipid com-
plex disintegration, AT : gelatinization
temperature range (7:°—7T,) and AH :
gelatinization enthalpy. Heating rate
was 1.0°C/min.
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Microscopic photographs of starch gran-
ules of 3 wt% corn starch dispersions with
or without sodium chloride. Pictures of the
control were taken before and after gelatin-
ization and those in the presence of NaCl
were taken after gelatinization. Image size
is 390 #gm X 725 pm. Pictures were taken at
ambient temperature.
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Fig.5. Sodium chloride (NaCl) concen-
tration dependence of pH for 3
wt% corn starch pastes before
heating (25°C), during heating

(95°C) and after heating (25°C).

52

Vol. 37 No.1 (2004)

(52)

E0Y, L ABBETOKRE S ORI - THEAD
RTWNEDEMEEDIEDT 28R NIT 5 »XEH T
HrINEEZLND.
c BIERMBEERT (5wt%< Ca<15wt%)
BB FOREE L7V a— 2850 EHic T 3
BEIEDORNRIL, EBAMICIIER [ DAL EDL LTV,
L2L, IO CIdBERF o RRE) S
W2 KOFEEDZLL TB Y, BROFHEICEE
WA INBIEE (¥ 100°C) THHL 372 ofLE
&< % b8 (Fig. 4) CHRENNCEL S, Thbb,
OB TIE TEARFAMBEETHLITC LN Y
Bl ->TBY, BB TH»TETICIIREL vy,
BB FHICRAL 72 CI- OB TN OKEZESZ
YK 2RI L > TN a— 28 BT b, EBE
12, ZOEBD 9313 p /PRI WEEIZIEEBI O g5
LD/, FHRETIUS 725 13 Co ITKFEL LW
P, T2 CuoBINCE b T EinL Tw3
(Fig.2), BMbBOBH O TREH 2> bu—Ldh
YAREVZ L bbb pafarte— iDL E
W, BSFEDINVa—28Epar Pu—E
NCERIZHERL TWBE2HTH 5,
c BEERMNEBEERI (C>15wt%)
EBEOLUKETE R TR, BRI T OREFHE TA
I DRBRHPTERICATbN B 2iz, BRI Ty CI-
RIS T PICBRAT 52 £ A7 CE %, Chiotelli 5
12N EBB ORI Ca>T% D ERTRMIC & ) KR
z#ATL, T Cl- DBBRLFHADFEAIELE
BNDBIHTHD EFROT 2. 20k )i, CI- 7§
BRI THNBAL 72RE THBORDTIMEAI NS &, KL
FRICBALZZENCIT 2L > TV a— 2D
KEREAPBIEIN, LN EL DTNV a— 2D
T5, L»L, BBROBLOBEICEL TIEEIrE
0, BBREPCEROEREVGGFET LI LICL S
KOBEZLD 72012, BRI T DO ERIZHIR I N5,
ZDFEBD AH /N2 D3, BERLT-0RESEICH
b B 7N a— KD IKEREE DT EIE D TN T
BIAU L WD o, FR200EEIIC Cl 2 FEET L L
-, RITOBELD 7N a3 —2gDE IR
BZBW 2O THBEEZLND, FEMEREL L
L ZDEHOBRIRLTHOKE T3> b v— LR
IDLDEWUNTIELL L 5TEY, Z<DTNa—
ZEEDTEH L Tz, 4B, ZOHEBCEBEBEED
BETHALZ L, INVa—EH»r HHEHEL - HY B
B & 280 pH Z1bh™ Co>15wt% Tidig
EAETZWZ EDRL LML TH S (Fig.5),



BRRIO BRI BT T ERWEORE (B 3H)

G"/Pa

102
A S
o
10" 1 6000000007
DDEA
@ 10 {gooooooooBPa"e
- AAAAOO
g 1 AAAA o
101 12042 Ooo ® control
8 A 02wt%
02 ] ®8000 O 05w%
. oo o 10wt%
O 25wi%
103 T . :
107! 10° 10! 102 10°
o/rads’
Fig. 6.

10%

10!

]00 4

10!

102

103

control

0.2 wt%
0.5 wt%
10 wt%
25 wt%

10!

T

10° 10! 10? 10°

o/rads’

Frequency dependence of G’ (A) and G” (B) for 3 wt% corn starch paste with or without

sodium chloride (NaCl). NaCl concentrations were 0 (control), 0.2, 0.5, 10 and 25 wt%.
The strain for samples with 0 (control), 0.2, 0.5, 10 and 25 wt% NaCl concentrations, was
30, 10, 3, 30 and 3%, respectively. Measurements were made at 25.0°C.
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Dynamic viscosity for 3 wt%
corn starch paste in the presence
of sodium chloride (NaCl) as a

function of NaCl concentration.
NaCl concentrations were varied
between 0.2, and 25 wt%. Mesh
illustrates the dynamic viscosity
of control (3 wt% corn starch
paste) . The strain for samples
with 0 (control), 0.2, 0.4, 0.5,
0.8, 1, 2, 4,5,5.5,7,9, 10,
12.5, 15, 17.5, 20, 22.5 and 25
wt% NaCl concentrations, was
30, 10, 3, 3, 5, 5, 12, 30, 30, 20,
5, 10, 50, 30, 3, 4, 5, 3, 3%,
respectively. Measurements were
made at 25.0 °C.
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Differences between shear vis-
cosity and dynamic viscosity at
the shear rate 50 s’ and the
frequency 50rad-s™ of 3 wt%

Fig. 8.

corn starch pastes. Solid and
dashed lines represent 7s0 and
| 7*|so for pastes to which sodium
chloride (NaCl) was added
before gelatinization, respective-
ly. Circle and square symbols
denote 75 and | 7*|so for pastes
to which NaCl was added after
gelatinization, respectively. Mea-
surements were done at 25.0°C.
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