KOREAN J. FOOD SCI, TECHNOL.
Vol. 9 No. 2 (197T)

BEEASHUA mbs SHAEERS ERPn HH

& B B - & H E*
WEEHE £ TR
(19774 29 229 4¢9)

Functional Properties of Soy Protein Isolates
¥ repared from Defatted Soybean Meal

by
Si-Myung Byun and Chul-Jin Kim*
Department of Biological Science and Technology, Korea Advanced Institute of Science
(Received February 22, 1977)

Abstract

A laboratory study was made to develop a simple and economic model method for the systematic

determination of functional properties of “Soy Protein Isolates (SPI)” prepared from defatted soybean

meal. These are required to evaluate and to predict how SPI may behave in specific systems and

such proteins can be used to simulate or replace conventional proteins.

Data concerning the effects of pH, salt concentration, temperature, and protein concentration on

the functional properties which include solubility, heat denaturation, gel forming capacity, emulsi-

fying capacity, and foaming capacity are presented. The results are as follows:

1)

2)

3)

4)

5)

The yield of SPI from defatted soybean meal increased to 83.9 % as the soybean meal was ex-
tracted with 0.02 N NaOH.

The suitable viscocity of a dope solution for spinning fiber was found to_be 60 Poises by using
syringe needle (0.3 mm) with 15 % SPI in 0.6 % NaOH.

Heat caused thickening and gelation in concentration of 8 % with a temperature threshold of 70 °C.
At 8~12 % protein concentration, gel was formed within 10~30 min at 70~100 °C. It was,
however, disrupted rapidly at 125 °C of overheat treatment. The gel was firm, resilient and
self-supporting at protein concentration of 14 % and less susceptible to disruption of overheating.
The emulsifying capacity (EC) of SPI was correlated positively to the solubility of protein at
£=0. At pH of the isoelectric point of SPI (pH 4.6), EC increased as concentration of sodium
chloride increased. Using model system (mixing speed: 12,000 r.p.m., oil addition rate: 0.9 ml/sec,
and temperature : 2041 °C), the maximum EC of SPI was found to be 47.2 ml of 0il/100 mg
protein, at the condition of pH 8.7 and p=0.6. The milk casein had greater EC than SPI at
lower ionic strength while the EC of SPI was the same as milk casein at higher ionic strength.
The shaking test was used in determining the foam-ability of proteins. Progressively increasing
SPI concentration up to 5 % indicated that the maximum protein concentration for foaming ca-
pacity was 2 %. Sucrose reduced foam expansion slightly but enhanced foam stability. The results
of comparing milk casein and egg albumin were that foaming properties of SPI were the same

as egg albumin, and better than milk casein, particularly in foam stability.
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Defatted Soybean Flake
extract with 0.02N NaOH twice
(NaOH : meal=10:1 and 5:1)
} stir at R.T. for 1hr
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Extract
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1]
Soy Protein Isolate (SPD)

Scheme 1: Preparation of Soy Protein Isolate
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Table 1. General Composition of Dafatted Soybean

Meal
Protein (NX6.25) l 4.3 %)
Fat | 0.2
Carbohydrate | 37.8
Ash I 6.1
Moisture ; 9.3
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Fig. 1. Extractability of Dafatted Soybean Meal
as Function of NaOH Concentration.
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Table 2. Yield and Protein Content™ of Soybean
Meal Fraction on Dry Basis

Fraction 3?:13 Pz'(;gin I;rl;ztlilln

e 1 (%) V277 1 (%)
Defatted soybean meal 100 47.3 -
Acid ppt'd protein (SPI) 43.1 92.1 | 83.9
Residue 32.00 9.7 | 6.6
Total whey solid 24.8 38.1 { 9.5

a) Extracted with 0.02N NaOH solutionm
b) Difference

Table 3. General Composition of SPI on Dry Basis

Protein (N x6.25) | 92.1 (%)
Carbohydrate ‘ 0.5
Ash ‘ 7.3
Fat | —
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Fig. 2. Solubility of SPI as Function of pH and
NaCl Concentration.

" Protein of supernatant was determined after
centrifugation at 3,000 r.p.m. for 15 min.
©—0—@; water, O—0O—0; 1.5 % NaCl,
H—H—M: 3.0 % NaCl, O—~0; 6 % NaCl
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Fig. 3. Temperature Effect on SPI Solubility

Ten ml of 2 % SPI suspension in water was heated
at various temperatures and adjusted pH 9.5 with
2N NaOH (final concentration of NaOH; 0.02N,
final volume; 10.1 ml). Protein of supernatant was
determined after centrifugation at 3,000 r.p.m. for
15 min.

O—0—0; 70 °C ©—0—@: 30 °C
H-N—N; % °C -0 95 °C
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Fig. 4. Effect of Concentration of SPI, Time, NaOH

Concentration on Viscosity of SPI Solution.

Measured at 28 °C with Brookfield viscometer (10
r.p.m. spindle No. 4).
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Figure 5. Apparent Viscocity of SPI Solution in
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Fig. 6. Effect of pH on Emulsifying Capacities of
SPI (1 %) as Function of Ionic Strength (NaCl)
N-E-—M: =0 O—0-0; #=0.3(.0%
NaCl) @—@—@®; »=0.6 (2.0 %)
Temperature 20 °C, oil addition rate; 0.9 ml oil/
sec, mixing speed; 12,000 r.p.m.

A

d5 4 E b erd] A
Table 4. Emulsifying Capacities* of SPI and Milk
Casein
Protein source
lonic strength pH R T —
SPI Milk casein
5.2 14.0 17.2
0 7.0 30.1 40.2
9.0 38.3 53.1
5.2 29.8 29.4
0.3 7.0 3.2 40.3
9.0 42.5 | 49 4
f 5.2 43.6 | 50.7
0.6 7.0 46.8 50.0
9.0 7.2 45.1
*The EC measured at con"mnns (>f~tlv1e,‘ttn7pi. 20:6

-+1, oil addition rate 0.9 ml/scc, and mixing speed
12,000 r.p.m

3 model test 2% EC¥ Table 4
9} 7to] milk casein®} & Aelsb §1lct.
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Fig. 7. Foaming Capacities and Stability of SPI
at various pH.
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‘Fig. 8. Foaming Capacity and Stability of SPI
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Fig. 9. Foam Expansion of SPI at various SPI
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:Fig. 10. Sucrose Concentration Effect on Foam
Expansion of SPI dispersion (1 %) at
PH 6.0, x=0.
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A gto] SPI9] foam expansion @ stabilitye] =|A &
g ¥ At Fig. 103 o] ¥ d%e eyt
stability7} 7t FAHE A& BA4.

o 2| fE¥S EAKS foaming capacity HERH &
& Table 54 &7t

Table 5. Foaming Capacities of SPI, Milk Casein,

Skim Milk, and Egg Albumin(x=0, pH=6.0)

Pretein source

Foam expansion

Foam*

30 sec

30 min

stability

SPI (1 %)

Skim milk (1 %)
Skim milk (2 %)
Milk casein (1 %)
Egg albumin (1 %)

(ml) (%)
28.0 (100.0)

17.5 ( 62.5)
18.5 ( 66.0)
41.8 (149.3)
30.8 (110.0)

(m) (%)
23.5 (100.0)

13.0 ( 55.3)
12.0 ( 51.0)

83.9
74.3
64.9

5.0 ( 21.2)

24.6 (104.7)!

12.0
79.9

* Foam expansion (30 min)/foam expansion (30 sec)
X100

o] #&Rel 2]3™ foam expansion€ milk caseino]
7}% A3 egg albumin, SPIY o]t =8} sta-
bilitye]l 991 A+ SPI7} 714 =22 egg albumin, milk
casein o] ik, ¥ukH 2 2 whipping agent2 o] &
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o] WY HE MR BELT Fz Yolok FE,
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x4 & A€ BE o TAE Hkslo ol el
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B Spinning machine 24 mTA A 2K&KF B
WES A% KEEEHEY plastein KES AP F 3L
ol

o of
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E ¥

MW A e ERE BRIRASKHE 0.02N
NaOHgz o 2 #hiigted Soy Protein Isolate (SP1)Y &
BE FH55Y BBEReZ MY 2o Fole BE
(84 % H#)€ Harstdl oo #iEd SPIE 92.1 %9
EaEE aF%A

SPIE 70 °Coll 4 moisture heat& 3=l 804 5 %
2] #igo] dolikont 95 °Col A & 2053 M o
95 %] B¥Eo] ettt

SPIg} alkali #=}9} (dope solution)& SPI9] BE
15 %, NaOH B 0.6 %9 74wt 60 poisesE }
gz Al 2£F8d HEE A4 NaOHe RE
710.9 %9 v WHo] &A% =hat K Enst
Adetrt MO E BiEE 29w syringe needle (dia.
0.3 mm)EA W WH &£F HES 28 °CdA 60
Poisesd ™ 7134 A &8 BRHEBHES textured BAF
s+t

Jndte] {k@ SPI9] gelationd 8 %) kol SPIgEY
= gelo] R 7 A Fsg e 100 °CAA BEH gel
& WEstg . SPIe] MEESE 12 %Y H 120 °Col 4 305
fn#ho] fketod 20,000 Poises?] ¥ ¥5EEE “lzieont
120 °Co) Fol A& gel®l continuity7t o}z Rir LS
gelo] HR= %t

SPIY #{t7& pHot 8.7, NaClel REEF 2 %Y
713 & F4ee el ol milk caseind B KB &
B AHe 4 Sy He fFEISE At T
A FibHE 2g . 28 v SPIY foaming capacity
+ foaming stability T} A egg albumine) v} milk ca-
sein® HEsld RITFY REE 2dF A
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