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Abstract

In this study we prepared 5 types of nutritional beverage base samples containing various ratios of soy
protein isolate (SPI) and sodium caseinate as protein source. The rheological properties of each sample were
measured and the results were as followes; Samples changed their rheological properties with the ratio of SPI.
Samples represented newtonian property with low ratio of SPI, pseudoplastic property with the increment of
SPI, and bingham pseudoplastic property with higher increment of SPI (80% as protein source). In this result
we conjectured that the more was the SPI, the more was the formation of progel during heat treatment, which
could be the reason of the rheological changes. In the test of the relationship between temperature and
apparent viscosity, apparent viscosity of samples decreased along with the increment of temperature. In
observing the relationship between time and apparent viscosity, we found sample, containing high ratio of
SPI (80%), represented thixotropic property clearly with the hysteresis loop.
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Fig. 1. The manufacturing process of nutritional beverage
base.

Table 1. Basic recipe of nutritional beverage base

Table 2. The ratio of protein sources at each sample

Ingredients %

SPI - sodium caseinate 3.55
Maltodextrin 12.0
Sucrose 3.30
Corn oil 2.10
Emusifier - stabilizer 0.20
Water 78.85

Sample SPIL: sodinm caseinate
A 0:100
B 20:80
C 40:60
D 60:40
E 80:20
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2 0 2% A FAX)4>(K, consistency index, Pa:s™)
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Ve=VC+ K\];' 6))
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Napp = N.. exp(Ea/RT) 3
T : A k2% (shear stress, Pa)

Y : k& 5 (shear rate, sec™')

C : 3} 2.3 (yield stress, Pa)

K, K; : %% X]<$(consistency index, Pa-s™?)

Tapp A ¥.7| 3 X (apparent viscosity, Pa-s)

n. 5% X7 A E(infinite apparent viscosity,
Pa-s)

: 433} o] =] (activation energy, ki/kg - mol)

: 7] A 4}<r(gas constant, kJ/kg - mol-K)

: Ao &% (absolute temperature, K)

4 ®m @



640 YA Eatetelz] A 31 @ A 3% (1999)

F- FL g -

75 &4

AIELE 0 sec o] 500 sec™ 74| wiskA| 7]
A odof &7 based] A-EH-g &A% A= Fig
29} zbch. AubA 0 2 SPI9] Arlafe] wold s A
W& et 2715l we) HyhgHo] o] A dko)
vlepgtel, B3] oA G5 SPI9] ko] A
49 40%5 2#3)= A R(D, By tFEAHo) ¥

4.

A
8 /
e
A ~*
6 e »

Shear stress(Pa)

—&— A:SP1 0%
- B SPE20%
—a— C: SPI 40%
—&- D: SP160%
—a—  E:SPI80%

0 100 200 300 400 500 600
Shear rate(sec’)

Fig. 2. Shear stress vs. shear rate of nutritional beverage
bases at 20°C.

Table 3. Rheological parameters of nutritional beverage bases

ste] FAR HuAbeg Bk 2 AR fATA
& B9l SPI9] 3epo] AR} FUL,E Aol
Aek-g# o] Fu) 8k newtonian {554 oA At
%o ol Agkg-o] hypobolicdld] ZFrlsh=
pseudoplastic (2]7}244)) F-554 0.2 A= g} A
2o f-% BAS FARR £43] Hile] &2
278 WA 7) 3220, 30, 40°C) A 5HE5EE 0 sec™
oAl 500 sec™ ' 7hA] HMEAFIHA HAEHE SHHI
% Herschel-Bulkley model2] 3} Casson?]e] A&
t}(Table 3).

Fdg L2 elA F-5X4(n) gl SPI] A7)
&0] FoAFE atolA . &, 20CollA & 1.0001(A) >
0.9577(B) > 0.9105(C) > 0.8684(D) > 0.8455(E), 30°Col|
A= 0.9530(A) > 0.9480(B) > 0.9294(C) > 0.8425(D)
> 0,8121(E), 40°CollAlE 0.9377(A) > 0.9388(B) >
0.8996(C) > 0.8377(D) > 0.8234(E)Z }ehligict. A
2% Ag(K)y= SPI®] Hrp|go] FolAfE =4
et} =, 20°ColAE 0.0157(A) < 0.0218(B) <
0.0219(C) < 0.0291(D) < 0.0486(E), 30°Coil. 4] = 0.0096(A)
<00104B) = 0.0103(C)<0.0249(D) < 0.0315(E), 40°C
o] 4] 0.0078(A) < 0.0092(B) = 0.0091(C) < 0.0220(D)
< 0.0274Eys- et} JEHOE HE2E A4}
7o) SPI2] X M|go] FolALE =4 Uepyicth &,
2AFCSA = 0.0142(A) < 0.0553(B) < 0.0601(C) < 0.0994(D)

Samples Temp. Herschel-Bulkley model Casson model
°C K(Pa - s7%) n r” C(Pa)
20 0.0157 1.0001 0.99 0.0142
A 30 0.0096 0.9530 0.99 0.0088
40 0.0078 0.9377 0.99 0.0078
20 0.0218 0.9577 0.99 0.0553
B” 30 0.0104 0.9480 0.99 0.0057
40 0.0092 0.9388 0.98 0.0030
20 0.0219 0.9105 0.99 0.0601
c 30 0.0103 0.9294 0.99 0.0293
40 0.0091 1.8996 0.99 0.0070
20 0.0291 .8684 0.99 0.0994
D" 30 0.0249 0.8425 0.99 0.0785
40 0.0220 0.8377 0.99 0.0142
20 0.0486 0.8455 0.98 0.3115
EY 30 0.0315 0.8121 0.98 0.1403
40 0.0274 1.8234 .99 0.0948

Ucorrelation coefficient

“A: SPI (0% as the protein source of nutritional beverage base
“B: SPI 20% as the protein source of nutritional beverage base
“C: SPI 40% as the protein source of nutritional beverage base
“D: SPI 60% as the protein source of nutritional beverage base
“E: SPI 80% as the protein source of nutritional beverage base
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Fig. 3. Relationship between apparent viscosity and tem-
perature at 250 sec”’.



642 YA E2E 2] A 31F A 35 (1999)

Table 4. Values of 1., and Ea of nutritional beverage
bases

Temp. Ne Ea ¥
Samples

X) (Pa - 5) (% 10°J/kg - mol)

A® 293 0.1283 0.8045 0.99
303 0.1197
313 0.1057

B 293 0.1444 1.2967 0.99
303 0.1217
313 0.1057

c? 293 0.1459 1.2970 0.99
303 0.1290
313 0.1068

DY 293 0.1658 1.3522 0.99
303 0.1388
313 0.1197

E? 293 0.1886 1.5947 0.99
303 0.1625
313 0.1285

Ucorrelation coefficient.

“SPI 0% as the protein source of nutritional beverage base.
SPI 20% as the protein source of nutritional beverage base.
“SPI 40% as the protein source of nutritional beverage base.
“SPI 60% as the protein source of nutritional beverage base.
“SPI 80% as the protein source of nutritional beverage base.
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Fig. 4. Changes of shear stress as a function of shear
time for nutritional beverage base at 500 sec™' and 20°C.
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Fig. 5. Hysteresis of nutruitional beverage bases at
20°C.
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