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ABSTRACT

Soybean protein isolate (SPI) is a by-product of an oil industry and whey protein concen-
trate (WPC) is a by-product of cheese making industry. Discard of these proteins causes
pollution problems. These proteins have a good characteristics as a food protein. For example,
SPI has a hypocholesterolemic effect and WPC is an excellent quality protein in nutrition.
Development of usage of both proteins is expected. It was tried to make the protein prepara-
tion having effective characteristics of SPI and WPC in this paper. A mixture of SPI and WPC
was heated at 80°C for 30 min in water, and then lyophilized. The physical properties of the
heated mixture (HM) were different from those of SPI and WPC in solubility and gelation by
heating. It is considered from the results of gel filtration of each protein that heat treatment
caused re-arrangement of protein subunit of SPI and WPC. HM was easily hydrolyzed by
trypsin and pepsin compared with SPIL. Rats fed the diet containing 20% HM as a protein
source showed a good growth curve. Serum cholesterol level of rats fed HM diet was lower
than that of rats fed SPI or WPC diet. A functional impairment of liver or small intestine was
not detected in rats fed HM diet, when activities of serum cholinesterase, leucine aminope-

ptidase in liver and small intestine and alkaline phosphatase in small intestine were measured.
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Fig. 1 Addition of 35 mM phosphate buffer, pH 7.6,
containing 0.4 M NaCl to the powders of SPI
and HM.

Two ml of 35 mM phosphate buffer, pH 7.6, containing
0.4 M NaCl was added to 40 mg of SPI or HM powder
in test tube. Then photograph was taken.
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Fig. 2 Heat treatment of extracts from SPI, WPC and
HM.

HM was prepared by heating mixture of SPI and WPC
at 80 °C for 30 min. Extraction from SPI, WPC and
HM was carried out with 35 mM phosphate buffer, pH
7.6, containing 0.4 M NaCl at 4 °C for 72 hours. Extract
was gathered by ultracentrifugation at 25,000 rpm for
1 hour. Two ml of extract was heated at 80 °C for
30 min.

%, T CHMEDREEYMEMEAT L2 12L5T,
izl ABBEREREE 2 2 LE25L7-,

SPI & WPC b #R TH 2 7285, KITIZBRAMES
Z UKL, KREMZILERIENTWE, HM BES
WEEE ZIXEE s (Fig. Do

SPLWPC,HM D% 4g % 40ml ® 0.4 M NaCl £&¢s
35mM U VEBERENE B AT 4°C, TR L 7o
B AHEEE% Tablel R T, AWEER
i, RELZABEOWETHR S —RWUEHDPTH I
2%, SPI#» 5 DHHZIERIZE Y - -, EBEH M) Dl
Bz o THE s HM O ARERERRZ, SPI &
WPC L DHf & o7, £z, EHHIEE80°C, 304
Mz % &, WPC Mlisiz 7 vE L7223, SPI B &
U HM Otz 5 b Lz d o7z (Fig.2). 2h 5
DIERIE, HM 3 SPI &£ b WPC L 3 Bz o 7%
FoTwa ZERRLTWVS,

Table 1. Extract from soybean protein isolate (SPI), whey protein concentrate (WPC)
and their heated mixture with 35 mM phosphate buffer, pH 7.6, containing

0.4 M NaCl
. Extract
Sample Amount (protein)  Buffer used Volume Protein Yield
SPI* 4.0g (3.52¢) 40 ml 25.5ml 0.92¢g 26.1%
WPC** 4.0 (3.12 ) 38.0 2.43 77.9
Heated mix*** 4.0 (3.32 ) 32.0 1.20 36.1

Extraction was carried out at 4°C for 72 hours. Protein was determined

by the Kjeldahl method.

* . Fujipro R, product of Fuji Oil Co. (Osaka, Japan)
** . LAC PRODAN 80, product of Danmark Protein A/S (Denmark)
*** . Mixture of SPI and WPC (1 : 1, w/w) was heated at 80°C for 30 min in water.
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Fig. 3 Sephacryl S-300 gel filtration profiles of ex-

tracts from SPI, WPC and HM.
Extracts were obtained as described in Fig. 2.
was detected with Atto mini UV monitor IL
sample : 1 ml, column : 2.5X 95 cm, flow rate : 38 ml/hr,
chart speed : 2 cm/hr, eluent : 35 mM phosphate buffer,
pH 7.6, containing 0.4 M NaCl.
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Fig. 4 Hydrolysis of casein, SPI, WPC and HM by
trypsin and pepsin.

Sample was suspended in the buffer and enzyme was
added. The ratio of substrate to enzyme was 100 (w/w).
Reaction was stopped by the addition of equal volume
of 12.5% TCA. One-tenth ml of supernatant reacted
with sodium trinitrobenzenesulfonate.

NM—-—8 :casein, &——aA :SPI, O——O : WPC,
O——O0 :HM.
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Body weight (g)

Table 2. Composition of diets

(%)
Component Experiment I Experiment I

Protein* 20 20
Sucrose 63 15
Fiber 5 8
Soybean oil 7 7
Mineral mixture** 4 4
Vitamin mixture** 1
Starch - 45

* . Protein tested ; soybean protein isolate, whey protein
concentrate, mixture of SPI and WPC,
heated mix. of SPI and WPC

** . Product of Oriental Yeast Industry Co.
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Fig. 5 Growth curves of rats fed various protein diets.
Table 3. Body weight, weight gain and food intake in rats
fed various protein diets
Experiment I
Dietary Initial B. W. Final B. W. Weight gain Food intake
protein (g) (g) (g/31 days) (g/day)

SPI 44.4+1.66 177.3+£10. 14 128.9+ 9.34 12.2+0.67

WPC 43.9+1.63 204.7+£13.93 161.3+11. 36 11.7£0.73

Mix.* 44.941.45 234.5+13.67 187. 7+ 11. 54 13.1£0.75

Heated mix™” 44.9%1.22 237.7+ 7.99 194.5+ 7.67 13.7+0.62

Experiment II

SPL 53.1+1.21 168.2+ 2.71 115.1 13.9
WPC 53.2£0.60 182.6% 3.85 129.3 13.7
Mix.* 54.7%1.62 180. 7+ 6.90 126.0 13.6
Heated mix** 52.7%0.84 176.7+ 3.21 124.0 13.1

* : Mixture of soybean protein isolate (SPI) and whey protein concentrate (WPC).
** . Mixture was heated at 80°C for 30 min in distilled water.



Table 4. Weight of liver and intestine in rats fed
various protein diets

Experiment I

Dietary Liver Small intestine Caecum
protein (g/100 g B.W.) (g/100 g BW)) (g)
SPI 4.67+0.22 7.09+0.28 2.14%£0.16
WPC 5.38+0.29 6.03x0.27 2.64+0.18
Mix.* 4.811+0.12 5.31+0.28 2.97+0.16
Heated mix** 5.10£0. 33 5.3940. 41 2.56+0. 14

Experiment II
Dietary Liver Small intestine
protein (g/100 g BW.) (g/100 g BW.)
SPI 4,24%0.12 3.75x0.12
WPC 4.91+0.20 3.27+0.14
Mix.* 4.46%0.20 3.23+0.11
Heated mix** 4.06+0.17 3.03£0.10

* and ** : see Table 3.
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Table 5. Serum total cholesterol level in rats fed

various protein diets for 31 days

(mg/100 ml)
Diet .
¢ a'ry Experiment 1 Experiment II
protein
SPI 100.4+4.64 117.5+3. 44
WPC 107.3+4.31 125.5+4.02
Mix. 92.9+5. 22 113.0+3.03
Heated mix 88.1+4.54 106. 8+2. 33
Initial 91.5+4.40 124, 6+5. 07

Table 6. Serum HDL-cholesterol level in rats

fed various protein diets for 31 days (

mg/100 ml)
Dleta.ry Experiment I Experiment II
protein
SPI 57.4%5.08 74.6%5.30
WPC 66.0+3. 65 81.3+5.28
Mix. 68.9+4.07 72.5+4.19
Heated mix 58.9+6.19 72.8+2.99
Initial 53.9+1. 88 100.9+£2. 47




Table 7. Serum cholinesterase activity in rats
fed various protein diets (1U//)

Dietary Experiment I Experiment II
protein 31st day 17th day 31st day
SPI 118.3+ 9.70 118.5+4.54 102.2+2.35
WPC 100.2+18. 88 91.6+1.90 101.9+5. 86
Mix. 91.3+34.70 114.6+38. 46 109.8+3. 61

Heated mix 100. 5+20. 16

Initial 120.1+12.75

97.94+3.78 90.1+0.53

114.9+4. 64

Table 8. Liver leucine aminopeptidase activity
of rats fed various protein diets in
experiment I

Dietary LAP activity
protein ( umol aniline/min/mg protein)
SPI 8.79£1.06
WPC 11.74£0. 62
Mix. 13.22+1.24
Heated mix 14.651+1. 48
Initial 22.20%+1.69
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Table 9. Small intestine leucine aminopeptidase and alkaline

phosphatase activities of rats fed various protein

diets in experiment II

Dietary LAP activity ALP activity

protein (x 1072 unit/mg protein) (unit/mg protein)
SPI 2.63+0. 46 93.9+10. 00
WPC 3.22£0.31 113.2+14.00
Mix. 2.74%0. 34 117.8%+ 5.78
Heated mix 3.38%0.33 115.2+16. 49
Initial 5.71£1.99 68.1+ 6.77
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