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ABSTRACT

Soybean whey contains 7~9% of the total protein present in the soybean meal and the
quality of soybean whey protein is supposed to be higher than that of acid precipitated soy
protein isolate (SPI). However, soybean whey is presently discarded as a waste product of SPI
processing because of antinutritional components and presents a waste disposal problem. In the
present study we determined the digestibility and the utilization of soybean whey protein (SWP)
in growing rats (Expt. 1) and human adults (Expt. 2). SWP was separated from whey solution
(pH 4.5 supernatant) by ultrafiltration (MW =40,000) and was heated at 168°C for two minutes
followed by lyophilization. In experiment 1, male rats of the Wistar strain weighing about 60
g were fed ad libitum 3, 5, 10 and 15% (N x 6.25) SWP, 109 SPI, 0.3% methionine supplemented
10% SPI (SM) and 10% casein (C) for 21 days. Rats receiving SWP showed lower food intake
but comparable weight gain with SM and C groups of rats. The weight gain of SPI group was
lowest among groups. The digestibility of SWP was lower than SPI and C but net protein
utilization was similar to SM and better than SPI and C. In experiment 2, four healthy male
subjects received a SPI diet and a SWP diet for 10 days each at 90 mg/kg/day of N intake. Dry
fecal weight was significantly heavier in SWP than SPI (28.8 vs. 21.0 g/day). Thus the diges-
tibility of SWP (92.2%) was lower than SPI (99.5%). However, the biological value of SWP was
comparable to SPI. It was concluded that the quality of SWP used in the present study was
higher but the digestibility was lower than those of SPI. Nutr.Sci. Soy Protein Jpn.7,47-52,1986.
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Table 1. Effect of heat treatment on trypsin inhibitor activity
and the nutritive value of soybean whey protein

Trypsin No. of

Food Weight

Apparent

Soybean PER?®
whey* inhibitor? rats intake gain digestibility
(TIU/mg protein) (g/day) (g/day) (%)
WP1 95 5 12.3+0.8 4.4+0.3 84.0%+1.0 3.6+0.1
WP2 51 5 13.3%1.6 5.6+0.6 86.6+0.5 4.2+0.2
WP3 24 5 13.3x1.4 5.6%0.5 87.0+1.0 4.3+0.1
WP4 10 5 13.8+1.2 5.840.4 85.8+0.9 4.3+0.2
1. See text.

2. Activity is expressed in terms of trypsin units inhibited (ref. 9).

3. Protein efficiency ratio.
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Characteristics of the male subjects

Skin-fold thickness

- . . Upper arm

Subj. Age Height Weight BMR! .
& circumference Subscapular Upper arm
(vear) (cm) (kg) (kcal/kg) (cm) (mm) (mm)

A 22 177 64.9 22.7 27.5 7,8 5.9

B 20 175 66.2 21.9 29,2 11.3 4.8

C 21 169 61.0 23.5 29.5 10.4 6.4

D 23 166 60.0 23.8 26.0 9.4 5.4
Mean 22 172 63.0 23.0 28.1 9.7 5.6

SD 1 5 3.0 0.9 1.6 1.5 0.7

1. Basal metabolic rate.
Table 3. Nutritive value of soybean whey protein in growing rats

- No. of Food Weight True

Diet! rats intake gain digestibility PER® NPU?
(g/day) (g/day) (%)

PFD 6 5.7+0.7 —0.6+0.1
W3 5 8.7+0.9 1.3+0.3 85.5+3.2 4.8+0.5 110.74+7.2
W5 5 9.7£1.0 2.3+0.5 85.1+3.1 4.7+0.4 90.2+5.5
W10 5 13.8+1.5 5.940.7 88.5+1.6 4.3+£0.2 77.3+3.7
W15 5 15.5+1.6 7.6+1.1 89.1+1.5 3.3%0.2 64.2+3.0
S10 5 15.0+1.5 4.5+0.6 93.4%1.3 3.0+0.1 55.7%5,2
SM 10 5 16.0+0.4 6.6+0.1 95.1+2.0 4.1+0.1 78.0+2.0
C10 5 16.1+0.6 6.2+0.4 94.540.6 3.9+0.1 71.4%£2.3

1. PFD: protein free diet, W3~W15, 3-159% soybean whey protein,

S10: 10% soy protein isolate, SM10: 109 soy protein isolate+0.3% L-methionine,

C10: 10% casein.
2. Protein efficiency ratio.

3. Net protein utilization determined from carcass nitrogen.
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Fig. 1. Body nitrogen in relation to nitrogen intake in

growing rats fed various proteins. W3-W15,
3-15% whey protein; PFD, protein free diet; S,
10% soy protein isolate; SM, 0.3% methionine
supplemented 10% soy protein isolate; C, 10%
casein. The regression of body N (Y: g) on
whey protein intake (X : g N/21 days) between
3 to 10% diet was as follows; Y =0.693 X +1.70
(n=15, r=+40.996).
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Table 4. Nitrogen balance data for subjects receiving
soybean whey protein and soy protein isolate

(mg/kg/day)
Subj. Intﬁke Felslal Urilr\llary balI;Ince
Soybean whey protein
A 91.2 19.6 81.2 — 9.6
B 90.4 20.2 78.2 — 8.0
C 91.5 19.0 103.8 —31.3
D 90.6 20.5 92.5 —22.4
Mean 90.9 19.8*** 88.9 —17.8
SD 0.5 0.7 11.9 11.1
Soy protein isolate
A 91.1 11.1 85.9 — 6.0
B 90.2 13.3 75.7 + 2.1
C 91.3 13.2 104.4 —~26.2
D 91.1 13.4 104.9 —28.0
Mean 90.9 12.7 92.0 —13.8
SD 0.5 1.1 13.6 13.5

***  Significantly different from soy protein isolate.

Table 5. Digestibility and biological value of soybean
whey protein (SWP) and soy protein isolate
(SPI) in young men
Dry fecal Digesti- Biological
Subj. weight bility value
SWP SPI SWP SPI SWP SPI
(g/day) (%)
A 32.6 20.1 92.5 100 43.2  43.9
B 3.1 24.1 91.8 99.4 45,9 52.7
C 23.7 20.4 93.1 99.5 17.2 21.8
D 23.6 19.5 91.3 99.2 28,5 24.1
Mean 28.8* 21.0 92.2*** 99.5 33.7 35.6
SD 6.0 2.1 0.8 0.3 13.4 15.1

* kkk

Significantly different from SPI
(*p<0.05, ***p<0.001)
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Fig. 2. Nitrogen balance in men given soy protein
isolate or soy whey protein diet (90 mg N/kg/

day)



Table 6. Blood analyses of the subjects receiving soybean whey protein (SWP) and soy

protein isolate (SPI)

SWP SPI

Specific gravity

Whole blood 1.058+0.003" 1.058+0.001

Plasma 1.026£0.001 1.025+0.001
Hematocrit 45.6+2.1 44.5%+3.4
Hemoglobin (g/100 ml) 16.0+1.0 16.4+1.0
Total protein (g/100 ml) 7.0£0.7 6.8+0.5
Albumin (g/100 ml) 3.2%0.2 3.3%+0.2
Transferrin (mg/100 ml) 358+35 355+38
Urea N (g/100 ml) 7.0+1.9 5.7+£0.9
GOT (Karmen units) 17+3 27+7
GPT (Karmen units) 12+3 14+3
Total lipid (mg/100 ml) 405+83 346+53
Triglyceride (mg/100 ml) 132+53 98+35
Total cholesterol (mg/100 ml) 16030 155+30
HDL-cholesterol (mg/100 ml) 58+22 58+19

1. Data are means + SD.
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