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Abstract

Soybean protein isolate was fermented using lactic acid bacteria. The properties of the lactic fermented
soybean protein (LFSP) was compared with those of the lactic fermented rice (LFR). The LFSP was
superior in nutritive value and rheological properties, whereas the LFR in color, flavor and taste. Mixing
of the LFR and the LFSP was attempted to utilize the merits of both the LFR and the LFSP. The mixture
was named Risogurt. The Risogurt had better flavor, taste, color and overall eating quality than the LFSP,
and better nutritive value and consistency than the LFR. The optimum mixing ratio for the production

of the Risogurt was 75% LFR and 25% LFSP.
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Introduction

A palatable lactic acid fermented product has been
processed from rice by the authors.” The lactic fer-
mented rice (LFR) was considerably acceptable rega-
rding all sensory aspects except the low consistency.
The low consistency of the LFR was caused by the
inevitable amylolytic enzyme treatment during the
fermentation, which was aimed at enhancing the
sweetness and sourness and reducing the size of the
particles contained, consequently at improving the
smoothness of the LFR. Regarding the nutritive va-
lue, the LFR contained considerably low protein and
lysine showing 2.0% and 62.5 mg%, respectively.”’

Rice protein has been found to be rich in sulfur
containing amino acids, but deficient in lysine. In co-
ntrast to the rice protein, soybean protein is rich in
lysine but deficient in cysteine and methionine.
Thus, rice-soybean mixturers are nutritionally comp-
lementary.” Moreover soybean products are of good
nutritive value from the point of view of the protein
quality in relation to cost.” Therefore, soybean pro-
tein has outranked all of the other proposed supple-
ments of proteins in wordwide nutrition program.”

Soybean protein has similar properties to milk ca-

Corresponding author: Chulkyoon Mok, Korea Food Re-
search Institute, San 46-1 Baekhyondong Boondangku, So-
ngnam, Kyongkido 462-420, Korea

745

sein and forms a curd by lactic acid fermentation.”
# Soymilk is commonly characterized as having a
beany, grassy, or soy flavor.®) The flavor of soymilk
has been reported to be improved by lactic acid fer-
mentation.®#™1"1® Yogurt made from soybean protein
isolate was superior in quality to that from soymitk."”
) Mun et al."™® tested five lactic acid bacteria (LAB)
for soy yogurt and found that Lactobacillus buigaricus
produced more acid in soymilk and made soy yogurt
of the best quality among the tested LAB. A single
or mixed cultures of L. acidophilus, L. bulgaricus and
Streptococcus thermophilus have been found to be sui-
table for the lactic acid fermentation of soymilk or
soybean protein products.G56121418

This study was attempted to improve both the nut-
ritional quality and the consistency of the LFR by
adding a curd-type lactic fermented soybean protein
(LFSP) to it. The mixture of the LFR and the LFSP
was named ‘Risogurt’, which was a composite word
of the rice yogurt and the soy yogurt.

Material and Methods

Soybean protein isolate

Soybean protein isolate (PP760) was purchased
from Protein Technologies International, St. Louis,
MO, USA., through the local agent.

Lactic acid bacteria (LAB)
A 50:50 mixed culture of L. bulgaricus KCTC 2179
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and S. thermophilus KCTC 2185 was used for the lac-
tic acid fermentation of the SP1. The LAB was propa-
gated separately in MRS broth for 24 hr at 37C.

Lactic acid fermentation of SPI

The SPI contained 92% protein. The SPI was dis-
persed in distilled water to have the same net protein
content as cow milk (42%) and glucose was added
at 4% level as prepared by Yoo et al.'¥ The material
was sterilized by heating for 20 min at 95C. An ino-
culum (1% L. bulgaricus and 1% S. thermophilus) was
added and the material was incubated at 37C for 40

hr to make a curd-type lactic fermented soybean pro-
tein (LFSP).

Preparation of Risogurt

The LFR was prepared as described in the pre-
vious paper'’. Risogurt, a mixture of the LFR and
the LFSP, was prepared by adding the LFSP to the
LFR at appropriate ratio followed by mixing for 1 min
on an impeller-type stirrer rotating at 200 rpm.

Sensory evaluation

Sensory evaluation was done by 6 trained panels.
The Risogurt was evaluated for color, flavor, taste,
smoothness, consistency (body), and overall eating
quality. The sensory properties were rated by 5
point score test as dislike very much (1) to like ex-
tremely (5).

Viable cell count

The number of viable cells in the Risogurt was
enumerated by a plating method® on a plate count
agar containing 0.004% bromophenol blue as an in-
diator.

Physical properties

Rheological properties of the Risogurt were deter-
mined at 25C on a viscometer (Viscotron Model-80
24, Brabender, OHG, Germany). The shear rate vs.
shear stress reltionship was analyzed by the power
law model®V, t=Ky", where t=shear stress (Pa), v
=shear rate (s '), K=consistency coefficient (Pa -
s*), and n=flow behavior index. Color was analyzed
on a color difference meter (Yasuda, Model 600-1V,
Yasuda Seiki Seisakusho Ltd., Osaka, Japan) in Judd-
Hunter system®?

Chemical analysis
Chemical composition of the product was determi-
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Table 1. Physical and chemical properties of LFSP in
comparison with LFR.

Properties LFSP LFR
Acidity (%) 1.14 0.53
pH 3.08 2.95
Saccharometer 6.5 24.0
reading (° Brix)
Moisture (%) 93.7 76.1
Protein (%) 35 2.0
Amino acid (mg%)
Total 2753.0 1504.0
Lysine 164.5 62.5
Methionine 19.0 48.0
Cysteine 35.0 56.0
Color
L 64.6 61.7
a —2.7 —-09
b 8.7 3.7
Apparent viscosity
(mPa - s)
At 110 s ! 130.2 317
220 s ! 82.9 21.2
Viable cell count 745X 107 1.54 X 108
(CFU/ml)
Sensory score?
Color 271 3.72
Flavor 2.74 3.77
Taste 1.98 4.18
Smoothness 3.29 3.71
Consistency 4.04 2.66
Overall 2.19 3.98

“Rated as dislike extremely (1) to like extremely (5)

ned by AOAC methods."¥ Amino acid contents were
determined on an amino acid analyzer (LKB 4151 Al-
pha Plus, LKB Biochrom Ltd., England). All analyses
were done in duplicate.

Results and Discussion

The physical and chemical properties of the LFSP
in comparison with those of the LFR are listed in
Table 1. The titratable acidity of the LFSP was 1.14%
after 40 hr fermentation, which was higher than that
of the LFR, 0.53%. In contrast, the LFSP showed hi-
gher pH than the LFR. The higher pH of the LFSP
in spite of its higher acidity might be due to the buf-
fering action of the soybean protein. The moisture
and the soluble solid contents expressed as the sac-
charometer reading of the LFSP were 93.7% and 6.5°
Brix. The protein content of the LFSP was 3.5%,
whereas that of the LFR was 2.0%. The total amino
acid and lysine contents of the LFSP were 2.75% and
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Fig. 1. General properties of Risogurt with respect to
mixing ratio of LFR to LFSP

164.5 mg%. The calculated lysine content in the unit
weight of the protein of the LFSP was 47 mg/g pro-
tein, which was higher than the provisional ideal pat-
tern of the FAO/WHO,®¥, 22 mg/g protein. Methio-
nine and cysteine, the limiting amino acids of soy-
bean protein, were contained higher in the LFR than
the LFSP. The results meant that the LFR and the
LFSP were nutritionally complementary.

The LFSP showed higher lightness and yellowness
but lower redness than the LFR. The apparent visco-
sity of the LFSP was almost 4 times higher than that
of the LFR. The viable cell count of the LFSP was
745X 10" CFU/m/, which was a little lower than that
of the LFR. For the sensory properties, the LFSP was
inferior in color, flavor, taste and overall eating qua-
lity, but was excellent in consistency. The LFR, on
the other hand, was superior in sensory qualities ex-
cept the consistency. These results indicted that the
taste of LFSP might be improved by mixing it with
the LFR and also that the consistency of the LFR
might be strengthened by adding the LFSP to it.

The mixing of the LF3P with the LFR was attemp-
ted to improve the nutritive value and the consiste-
ncy of the LFR. The pH, acidity, saccharometer rea-
ding, and viable cell count of the resulted product
(Risogurt) with respect to the mixing ratio of the LFR
and the LFSP are shown in Fig. 1. The pH of the
Risogurt was higher than the LFR, but showed consi-
stent values with respect to the mixing ratio of the
LFR and the LFSP. The acidity increased while the
saccharometer reading, which was mostly attributed
to sugars, decreased as the proporiton of the LFSP

Lactic Acid Fermented Rice and Soybean Protein 747

Moisture (%) Protein (%) Lysine (mg%)

100 4 400

3 300
90 |
]

2 daoo

80 -
P//‘ 1 e

® Moisture

& Protein

A Lysine

»o

70 L 1 1 0 Jdg
0 25 50 75 100
LFSP {x)
t 1 1 1 ]
100 75 50 25 0
LFR (X)

Fig. 2. Moisture, protein and lysine contents of Risogurt
with respect to mixing ratio of LFR to LFSP

Table 2. Rheological parameters of Risogurt with res-
pect to mixing ratio of LFR and LFSP

Mixing ratio Flow Consistency

behavior coefficient

LFR LFSP index (n) (K, Pa- s
100 0 0.520 0.284
75 25 0478 0.364
50 50 0.325 1.276
25 75 0.300 1.824
0 100 0.254 4127

increased. The consitent pH of the Risogurt in spite
of the increased acidity with increased proportion of
the LFSP was due to the increased buffering capacity
of the LFSP. These results indicated that the sour-
ness of the Risogurt increased whereas the sweet-
ness decreased with the increased ratio of the LFSP
to the LFR. The viable cell count remained relatively
constant at the level of 1.0X10° CFU/m.

The moisture, protein and lysine contents of the
Risogurt of varying ratio of the LFR to the LFSP are
shown in Fig. 2. The moisture content of the Risogurt
increased linearly with increased proportion of the
LFSP. The protein and the lysine contents also inc-
reased as the ratio of the LFSP increased.

The rheological property parameters of the Riso-
gurt of varying ratio of the LFR to the LFSP are lis-
ted in Table 2. As the proportion of the LFSP increa-
sed, the flow property became more pseudoplastic
showing lower values in the flow behavior index and
the Risogurt became more viscous showing the hi-
gher values in the consistency coefficient. These re-
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Table 3. Sensory scores® of Risogurt with respect to mixing ratio of LFR and LFSP

Mixing ratio

Sensory items®

LFR LFSP Color Flavor Taste Smoothness  Consistency Overall
100 0 3.72a 3.77a 4.18a 3.71a 2.66¢ 3.98a
75 25 38la 3.92a 392a 3.65a 3.17bc 4.01a
50 50 3.44ab 3.32ab 3.14b 3.79a 3.65ab 3.11b
25 75 3.05b¢ 2.81b 2.22¢ 341a 3.71ab 2.53¢c
0 100 2.71c 2.74b 1.98c 3.29a 4.04a 2.19¢

2Rated as dislike extremely (1) to like extremely (5).

®Values of each column with same letters are not significantly different at 0.05 level

sults indicated that the consistency (body) of the LFR
could be improved remarkably by adding the LFSP
to it.

The results of the sensory evaluation of the Riso-
gurt are in Table 3. The color, flavor and taste of
the Risogurt of the mixing ratio of LfR:LFSP of 75:25
were as good as the LFR itself. However those of
the Risogurt of the higher mixing ratio of the LFR
than 25% were inferior to those of the LFR and the
degree of the inferiority was greater as the propor-
tion of the LFSP increased. The smoothness of the
Risogurt was not affected by the mixing ratio. The
consistency of the Risogurt was improved greatly as
the proportion of the LFSP incresed. These results
indicated that the LFR and the LFSP were comple-
mentary not only for the nutritive value but also for
the sensory properties. The score of the overall ea-
ting quality of the Risogurt was the highest at the
mixing ratio of LFR:LFSP of 75:25 although there
was no significant difference from the LFR itself. The
Risogurt with mixing ratio of 75:25 of the LFR:LFSP
contained 68.5 mg% lysine, 29 mg% methionine, and
49.0 m% cysteine, which were higher in lysine than
the LFR and richer in methionine and cysteine than
the LFSP.

It was concluded from the results of this study that
the mixing of the LFSP with the LFR could utilize
the advantages of the two products; the high consis-
tency and the high protein and lysine contents of the
LFSP, and the good color, flavor and taste, and high
sulfur-containing amino acids of the LFR. The opti-
mum mixing ratio for the production of the Risogurt
was 75:25 of the LFR:LFSP.
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