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Soy sauce is widely used in Thailand as a flavor enhancer. The quality of soy sauce is usually
Judged by consumers on its flavor and aroma. However, food registration agencies usually judge soy sauce on
its protein content. Also, it is known that qualities as well as quantities of soluble protein in SOy sauce
contribute greatly to the proper development of flavor and aroma in soy sauce. Thus, the enhancement of
soluble protein content in soy sauce products should have beneficial effects for consumers as well as
manufacturers. In this study, protein enhancement was carried out by the addition of soybean meal
hydolysate.

Soybean meal hydrolysate (SBH) was prepared by enzymatic hydrolysis of defatted soybean meal
(SBM), a by-product from the production of soybean oil, with Kojizyme™. The optimal conditions for
hydrolysis of SBM were carried out by using Kojizyme™ at 2% of protein in SBM and a total solid content
at 22% and then incubated at 50°C for 12 hr. The soluble protein content and degree of solubilization of SBH
product were found at 8.4% and 63% in laboratory scale hydrolysis and 5.9% and 49% in large scale
hydrolysis, respectively.

The SBH was used to supplement the protein content in soy sauce in two ways. The first involved
the addition of clarified soybean meal hydrolysate (cSBH) directly to the final soy sauce product. The second
way involved addition of SBH during various stages of the moromi fermentation. Addition of ¢SBH to the
final soy sauce product enhanced soluble protein content in final products but could not maintain traditional
characteristics if too much ¢cSBH was supplemented. When SBH was supplemented at primary and
secondary moromi fermentation, it was found that the soluble protein content of the final product was greatly
enhanced if the addition was done in the secondary moromi fermentation. In this way, the protein content
increased over three fold when compared with the typical fermentation. The modified soy sauce obtained
from secondary moromi fermentation gave acceptable characteristics in general appearance, odor, flavor,
overall acceptability and taste at the probability level of P>0.05.

The estimated cost for production of one kg each of SBH and ¢SBH was calculated to be at 9.50
and 13.52 Baht, respectively. Calculating the cost for production of modified soy sauce, it was shown that the
addition of ¢cSBH into finished soy sauce could save about 12.87 Baht per liter (Baht/L) for producing first
grade soy sauce (3% protein) and save about 10.66 Baht/L for increasing the soluble protein content from 3%
to 4% in the soy sauce product. In modified secondary cycle moromi fermentation, the addition of SBH
provided a saving of 2 Baht/L for producing 3% protein soy sauce.

In spite of the small reduction in savings, SBH should be used with traditionally produced soy
sauce to enhance soluble protein content, especially by addition at the secondary moromi fermentation. The
soy sauce product from this modification provided significantly increased protein content and also provided a

product with acceptable characteristics.
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CHAPTER

INTRODUCTION

In Thailand, several kinds of condiments are used as flavor enhancers. These
include fish sauce (nam-pla), soy sauce (se-iew), soybean paste (tao-chiew), fermented
soybean curd (tao-hu-yee) and others. Soy sauce is one of the most popular
condiments. For soy sauce, the main criteria used for classification is the protein
content. The Thai Industrial Standards Institute, Ministry of Industry classifies white
soy sauce into two grades, special grade and first grade which contain 5.5 and 4.5%
protein by weight, respectively. Regulations set by The Food and Drug Administration
indicate that soy sauce should contain at least 1.5% protein by weight. In order to
obtain a high protein content in soy sauce, a lengthy period for fermentation is
required. The lengthy fermentation period combined with high protein content usually
leads to soy sauce products with a dark color which is not generally desired by
consumers.

In the traditional process for producing soy sauce, the protein content comes
from the degradation of protein in soybean during the koji and moromi fermentation
processes by protease enzymes produced from the koji mold, Aspergillus oryzae. In
the aging process, appropriate flavor and aroma are produced. It is important that good
quality soy sauce should contain a high level of protein as well as acceptable flavor
* and aroma. Such good quality soy sauce requires a lengthy incubation time during the

moromi fermentation. It was hypothesized that if protein hydrolysate could be
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employed to supplement the protein content in soy sauce without interfering with the
development of flavor and aroma, it could lead to a substantial improvement of the
product.

Protein hydrolysate is a modified form of protein, which is prepared by
hydrolysis of protein originaﬁng from plants, animals or microorganisms with either
acid, alkali or enzyme. Protein hydrolysate is usually used as a supplementary food
ingredient to give good flavor. Hydrolyzed vegetable protein produced from wheat
gluten or soybean meal by acid hydrolysis gives meaty flavor to food because it
contains a high concentration of glutamate. It is used as a flavor enhancer in the savory
based foods. Soybean meal, a protein-rich defatted cake, which contains as much as
50% protein can provide hydrolysates of high protein content. Protein hydrolysates
prepared from enzymatic digestion of soybean meal may give a product with a high
protein content and meaty flavor, and may be suitable for supplementing SOy sauce.
This study was initiated to search for the most appropriate means to enhance the
protein content of in traditional fermented soy sauce by adding soybean meal
hydrolysate at various stages during soy sauce production.

It was hoped that a suitable method of soy sauce supplementation with
Soybean meal hydrolysate either by mixing with the finished product or by adding
during the fermentation process would enhance the protein content of soy sauce. The
increased soluble protein content might lead to improvement in the quality without any
reduction in consumer’s preference for the product. If such intervention could
subsequently be transferred to soy sauce manufacturers, it might lead to improved

manufacturing techniques and increase the competitiveness of the industry.
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CHAPTER II

BACKGROUND

In the orient, there are several kinds of indigenous fermented foods that use
soybeans as a major raw material. Examples include soy sauce, miso (fermented soy
paste), natto (fermented whole soybean), sufu (fermented soybean protein curd) and
tempeh (fermented whole soybeans) (1). Among these products soy sauce is the most
common and must widely used all over orient (2, 3) and in some western countries(2).

The production of soy sauce was first reported in China around 3,000 years
ago (2, 4). This discovery was said to be one of the milestones in the history of food
science because it was the first kind of meat-like flavor condiment which was
produced from plant protein and lipid (2). From there, soy sauce was introduced into
Japan and other countries in South East Asia by the spread of Buddhism, its vegetarian
diet and trade (3, 5). The introduction of soy sauce into Japan took place about 1,000
years ago (5). The methods employed for soy sauce production differ slightly among

the various oriental countries, largely due to the influence of local food cultures (2, 3).

1. Various types of soy sauce in Asian countries

Soy sauce is a light brown to dark brown liquid with a meat-like and salty
flavor (5). There have been reports indicating that the amino acid profile as well as
relative concentrations play a significant role in the development of flavor and aroma

in soy sauce (6). The majority of the amino acids in soy sauce are generated from the
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action of proteolytic enzymes produced by Aspergillus oryzae which is the koji mold
used in the solid substrate fermentation of soybean and wheat flour (5).

Soy sauce production is usually undertaken in three major steps. The first
step is an aerobic solid-substrate fermentation in which cooked soybean is mixed with
roasted wheat grain or wheat flour and fermented with 4. oryzae or 4. soyae to obtain
koji. The resulting koji is, then, mixed with brine solution in various ratios depending
on the manufacturer and fermented under static conditions. This second step is called
the moromi fermentation. After the moromi mash has been fermented for a certain
period of time, the mash is collected and processed to harvest the soy sauce product.
The third major step is the refining process which consists of pressing or filtering.
Subéequently, the refined soy sauce is pasteurized prior to bottling. Pasteurization is
the final step of soy sauce production (7).

The types and amount of raw materials used in the koji fermentation and the
amount and ratio of koji to brine solution in the moromi fermentation stage vary
depending on region and country. This results in different kinds of soy sauce products,
and the name of the soy sauce in each country also differs. An outline of the SOy sauce

products, types and names for each country are described below.

1.1 Japanese soy sauce

In Japan, soy sauce is called shoyu. There are five kinds of shoyu recognized
by the Japanese Agricultural Standard (JAS) (6). Koikuchi is a dark reddish brown
color with a strong savory flavor (1, 7, 8) and it accounts for 85 % of the total shoyu
production in Japan (6, 8). Usukuchi is a lighter reddish brown color and has a milder

flavor and aroma (1, 7). It accounts for 13 % of total shoyu production in Japan (6).
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Both of these types are made from almost equal amounts of soybean and wheat and
are characterized by fermentation with lactobacilli and yeasts (6). Tamari is
characterized by a slightly higher amino acid content. It is made mostly from soybeans
with only a small amount of wheat. Shiro is very light in color and is made from wheat
with a small amount of soybean (6) and it contains a very low content of amino acids
(1). Saishikomi shoyu is made by digesting koji in raw shoyu instead of salt solution
(6). Saishikomi’s koji is made from equal amounts of soybeans and wheat (1.

The JAS classifies each variety of shoyu into three grades; special, upper and
standard (1, 6) and also classifies production methods into three types; genuine
fermentative, semi-fermentative and hydrolyzed vegetable protein (HVP) mixed. In
1986, about 65% of shoyu in Japan was of special grade and about 74% was made by
the genuine fermentative method (6). The special grade of Koikuchi shoyu contains
more than 1.5% total nitrogen and 1.0% alcohol and must be made by the genuine
fermentative method (6, 8). The special grade is recognized as high-quality soy sauce
and therefore must be made only by the genuine fermentation method (1).

The preparation of koji for shoyu is initiated with the mixing of cooked
soybean or defatted soybean grit with roasted wheat kernels (6). The mixture is then
inoculated with a small amount of koji mold, 4. oryzae or A. sojae and fermented for
2 days. After that the koji is mixed with 110-120 % of salt water (17 to19 % w/v of
sodium chloride) (4). This results in a very vigorous moromi mash that is fermented

for about 6 to 12 months at ambient temperature (15 to 20°C) or for 3 to 4 months if
warmed to about 35 to 40°C (4). Finally, the mash is refined, bottled and shipped.

Recently, most shoyu production has been undertaken on an industrial scale using

many complex and sophisticated instruments. Much research and development to



Wanida Saejung Background / ¢

improve the production process has been carried out. This includes work on reducing
cost of raw materials by using defatted soybean meal instead of whole soybean (5)
and developing cooking processes for soybean meal using high temperature for a short

time to obtain a better yield of digestible protein (6).

1.2 Chinese soy sauce

Soy sauce in China is commonly known as Chiang-you. Major characteristics
of Chiang-you are the same as Tamari-shoyu of Japan, primarily made from soybean
and a small proportion of wheat (5). Presently, the soy sauce manufacturing method in
China has been adapted for utilization of low cost raw materials and shorter
fermentation periods (9). Defatted soybean meal (a by-product from soybean oil
factories) and wheat bran are used for preparing koji. The koji fermentation time has
been reduced from 48 hr to 24 hr by improvement in mold strains. The moromi
fermentation time has also been shortened to about 2 to 4 weeks (1, 9) by using special
fermentation methods (1). However, this kind of soy sauce has encountered problems
due to lack of flavor because of the quick fermentation which does not allow for
proper maturation of the moromi mash (9).

The consumption of soy sauce in China has been rising significantly.
Therefore only the quick fermentation method can satisfy the consumer demand for
soy sauce. Thus, major research efforts in China has been aimed to develop the soy
sauce industry in 3 main areas; (i) development of cooking raw material method at
high temperature for short times, (ii) enabling closed rectangular or circular koji
culture to be used more widely, (iii) adding pure cultures of lactobacilli and yeasts into

the moromi fermentation to improve the flavor of the soy sauce.



Fac. of Grad. Studies, Mahidol Uniyv. M.Sc. (Biotechnology) / 7

1.3 Taiwanese soy sauce

There are various soy sauce products in Taiwan. These include fermented soy
sauce, blends of fermented and chemically hydrolyzed soy sauce and purely
chemically hydrolyzed soybeans. The blended types are most popular because the
flavor and price are reasonably acceptable to most consumers. There are some
factories which produce soy sauce with modern facilities, but most are small-scale and
primitively equipped (5).

Defatted soybean is cooked in a rotating cooker and mixed with roasted
wheat flour. A pure A. oryzae culture is inoculated into the mixture which is then
incubated at 28 to 30°C for 42 to 45 hr. The koji is mixed with brine solution in
cement tanks and fermented for 3 to 4 months. Yeast and lactic acid cultures are also

inoculated during the moromi fermentation period (5).

1.4 Soy sauce in South East Asia

Tamari-type soy sauce is widely produced in the countries of South East Asia
such as Indonesia, Malaysia, Philippines, Singapore and Thailand. The SOy sauce
production in these countries usually carried out by very old industry participants that
originated from China and handed down methods from generation to generation. The
production processes are similar to those for tamari-shoyu production using rather
primitive equipment such as bamboo trays and earthenware jars. Koji and moromi
fermentations were carried out naturally without controlling any parameter. However,
recently, there have been attempts to improve manufacturing techniques through
concerted research and development activities. Some of these improvements include

using pure 4. oryzae culture in the koji fermentation stage in Malaysia (1) and
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Thailand (6) and using defatted soybean meal instead of whole soybean in Malaysia
(1) and Indonesia (7).

1.4.1 Indonesian soy sauce

Traditional Indonesian soy sauce is called “kecap” (3, 11, 12). There are
two kinds. One is called kecap asin. It has a salty taste and is mainly consumed on
Sumatra. The othér is called kecap manis. 1t has a sweet taste and is consumed largely
in Java (3). The manis variety is the most popular type of soy sauce in Indonesia (5).
The koji and moromi fermentation stages in Indonesian soy sauce production are
called “bungkil” and “baceman”, respectively (3, 12).

In traditional Indonesian soy sauce production, black soybeans are used as the
only raw material in koji fermentation or bungkil. Boiled soybean is subjected to
natural solid-state fermentation before being subjected to brine fermentation which is
also carried out naturally. After the brine is filtered, the filtrate is boiled together with
caramel or spices, yielding the final product, kecap (11).

In the last two decades, several industrial soy sauce manufactures have
been established in Indonesia. These manufactures simply apply modern technology
imported from Japan. They use defatted soybean flakes and wheat instead of black
soybeans. The Bungkil stage is well controlled and inoculated but the bacemen stage
still employs a natural process and is undertaken at ambient temperature for four
months (11).

There are several research progresses projects being carried out to investigate
the baceman stage of traditional and industrial soy sauce production in Indonesia (3,
il). It has been found that fermentation By yeast does not play an important role in

traditional Indonesian kecap production. This is due to the fact that traditional kecap
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is made only from whole soybeans which lowed in sugar content. After fermentation
by Pediococcus halophilus, no substrate is left for growth and ethanol production by
yeast (3). When compared with industrial soy sauce production which uses defatted
soybean flakes and wheat with a higher sugar content, the fermentation by yeast
occurs in the bacemen process and provides ethanol with a suitable aroma for the soy
sauce product.
1.4.2 Malaysian soy sauce
Malaysian soy sauce is called “kicap” and can be classified into two kinds
as; (i) a “thin” variety called san-chau or pak-yau (cantonese), and (ii) a “thick”
variety called sai-yau or lak-yau (cantonese) (5).
The soy sauce production in Malaysia use soybeans and wheat flour as its
main raw materials. The cooked soybeans are mixed with wheat flour at the ratio of 4
to 1, and the mixture is then spread on bamboo trays. The trays are placed on open
shelves and naturally inoculated by air-born fungal spores for 6 days. Then the koji is
transferred to earthenware vessels, covered with 20 % common salt brine in a ratio of
2 parts of brine to 1 part of koji, and fermented under direct sunlight for about 3
months. The liquor or sauce is then extracted by siphoning. The sauce is processed by
adding monosodium glutamate or sugar to improve flavor and benzoic acid is added as
a preservative. This sauce is now known as the “thin” variety or san-chau. This sauce
can be blended further with caramel to form the “thick” variety or sai-yau (5).
1.4.3 Thai soy sauce
Thai soy sauce is called “se-iew” (10). There are four types of soy sauce
classified by the Thai Industrial Standards Institute, Ministry of Industry. These are (i)

ordinary soy sauce, (ii) salty black soy sauce, (iii) black soy sauce and (1v) sweet soy
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sauce. Ordinary and salty black soy sauce are available in two grades, special grade
and first grade. In black or sweet soy sauce, there is only one grade (10). The
standards for all soy sauce varieties are outlined in Table 1.

The traditional soy sauce production in Thailand has been described by
Bhumitatana et al., 1988 and Flegel et al., 1981 (10). Cooked soybeans are mixed with
either wheat or rice flour in the ratio of 7 to 1. Then the mixture is left for natural
inoculation by air-born koji molds. After a few days, the finished koji is transferred to
earthenWare containers and immersed in brine solution (22 to 25 %) at the ratio of koji
to brine of 1 to 3 (w/v). This mixture is called the moromi mash and has a salt
concentration arouhd 18 to 21 %. The moromi mash is then fermented under direct
sunlight for a few months. The mature mash is then harvested to obtain the liquid part
(soy sauce) by separating and filtering. The sauce is commonly pasteurized prior to
bottling.

There are few large factories in Thailand that have the major soy sauce
market share. They are well equipped and use sophisticated machines and facilities
imported from aboard to produce soy sauce. However, larger number of Thai soy
sauce factories in small and medium size with low capacity to develop or improve
their production process for better quality soy sauce or to reduce the cost of production
(6). Researches and developments in soy sauce production have been carried out long
times ago. And about six years ago, a small research and development unit, the
Quality Control andTraining Center for Soybean Fermentation‘ (QCTC-Soybean
Fermentation) was set up with support from the Thailand Research Fund and a
consortium of small and medium size soy sauce manufactures. The objectives .of this

program were to improve the quality of soybean fermentation products and to improve
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manufacturing techniques. Examples of achievements of this program are the
introduction of pure 4. oryzae inoculum in the koji fermentation, the use of large
fiberglass tanks instead of small earthenware jars for moromi fermentation, the
introduction of new techniques to prepare koji and the introduction of cost effective

waste treatment systems (10).

2. Raw materials in soy sauce production

2.1 Soybeans

Soybeans are known botanically as Glycine max (L) Merr (4). They constitute
a major vegetable protein consumed commonly in Asia. There are slight differences in
the chemical composition of soybeans from different countries. Generally, soybeans
contain 34.3% protein, 26.7% carbohydrate, 17.5% fat, 4.5% fiber, 5.0% ash and 12%
water (14). Also, they contain some minerals and vitamins at high levels, e.g. calcium
(20.8 mg/100 g), iron (6.5 mg/100 g) and thiamin (1.03 mg/100 g) (4).

Soy sauce production can use either whole soybeans or defatted soybean meal
as the substrate. In Japan, about 75 % of shoyu production uses defatted soybean
instead of whole soybean because of lower cost, shorter time of moromi fermentation
and higher utilization of nitrogen when compared to whole soybeans (4). However, the
s0y sauce product produced from whole soybeans still possesses better characteristics
than that produced from defatted soybean meal and the product is more stable. Also,
soy sauce prepared from whole soybean is know to better resist microbiological
sﬁbilage and to have a greater resistance to yeast invasion than that produced from
defatted soybean meal (4). Soy sauce produced from whole soybeans has a lighter

color, better color stability and better organoleptic properties than that produced from
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defatted soybean meal (15). In Thailand, soy sauce manufactures usually use whole
soybeans as their raw material, mainly because the residue mash from the moromi

fermentation is used as a low grade soybean paste.

2.2 Wheat

Either whole wheat or wheat flour may be use in soy sauce production.
Yokotsuka (4) listed the roles of wheat in soy sauce manufacture as follows:

a) to make the moisture content of material to be cultured with mold just
adequate for mold growth,

b) to assist in obtaining the highest proteolytic activity from the koj,

¢) to serve as the major source of carbohydrate as the precursors of sugars,
alcohol and organic acids,

d) to serve as the source of lignin and glycosides, the precursors of vanillic
flavor of soy sauce, and

e) to serve as a rich source of glutamic acid (4).

The use of wheat decreases the nitrogen content of soy sauce, but it
contributes aroma, flavor and glutamic acid (4). The ratio of soybean to wheat varies
according to the types of soy sauce and manufacturers. The best soy sauce is generally
believed to be made from a soybean to wheat ratio of 50:50 by weight (4, 16) or 52:48
by volume (16). Therefore, the Koikuchi-type shoyu of Japan which used this ratio of
soybean to wheat provides the strong savory flavor and aroma of the final soy sauce
product.

In Thailand, wheat flour is quite expensive because it has to be imported from

overseas. Therefore, soy sauce manufacturers use rice flour instead of wheat flour
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either partially or totally (17) for preparation of koji mixture. The use of rice flour in

place of wheat flour results in a lower quality of SOy sauce.

2.3 Salt

Commercial grade sea salt is commonly used in soy sauce production. The
salt plays important roles in the moromi fermentation as follows:

a) to act as a preservative to prevent the growth of spoilage
microorganisms and to exert a selective condition for the microorganism which grow
in the fermentation,

b) to permit the exclusive development of flavor and aroma-forming yeasts
and lactic acid bacteria, and

¢) to promote growth of halophilic and halotolerant bacteria (4).

The salt concentration and amount of salt solution used in moromi
fermentation varies in each region, depending on the manufacturer. In Japan, brine
solution of 17 to 19 % w/v (sodium chloride) is added to kojiat 1to 1.1 to 1 to 1.2
(4). In Thailand, brine solution of 22 to 25% w/v is added to the koji in the ratio of 3:1

(w/v) (10).

3. Production of fermented soy sauce

Soy sauce is made by fermentation of a combination of soybean, wheat grain,
water and salt (7, 18). The processes for production of fermented SOy sauce consist of
three major steps, namely, koji production, brine (moromi) fermentation and refining

(1, 7). The flow sheet for manufacture is shown in Figure 1.
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Figure 1 Process for manufacturing soy sauce and soybean paste in Thailand (10).
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3.1 Kaoji production

Koji is a source of proteolytic enzymes for converting soybean protein
into amino acids and amylase enzymes for converting carbohydrates into simple
sugars. The substances converted by the enzymes in koji become the nutrients of lactic
acid bacteria and yeast in the subsequent brine fermentation (1, 7).

In koji production, soybean or defatted soybean grit are soaked in water to
increase the moisture content and cooked under pressure. The current soybean cooking
method in Japan employs continuous cookers which allow for high pressure and short
time cooking. Moistened soybeans are cooked at 6 to 7 kg/cm? pressure for 20 to 30
second and then cooled down quickly (1, 7). In Thailand, soaked‘ soybeans are cooked
with boiling water for approximately two hours. Recently, many factories have
changed to cooking the soybean with steam at 10 to 13 pounds/ inch? pressure for one
hour. After that, the cooked beans are drained and quickly cooled (19).

In koji making for Japanese soy sauce, wheat is cooked in a continuous
roaster with hot air at 150°C for 30 to 45 s at atmospheric pressure and then cracked
into 4 to 5 pieces per kernel (1, 7). For making regular Japanese soy sauce, cooked
soybeans or defatted soy flakes are mixed with an equal amount of the roasted wheat
and then inoculated with pure cultures of 4. oryzae or A. sojae at 0.1 to 0.2%. The koji
mixtures are spread at 3 to 5 cm thickness on wooden trays and incubated for 2 to 3
days in a koji making room. The temperature in this room is kept between 25 to 35°C
(16). When the mold grows, it produces metabolic heat. Therefore, if the temperature
of the mixture become too high (about 40°C), it is necessary to cool it down by
stirring. In usual practice, the koji is stirred to reduce the temperature to about 20 to

25°C between 25 to 40 hours after the initial inoculation with mold (4). It is important
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to control the temperature and moisture content of the koji mixture at an appropriate
level in order to produce good quality koji. After incubation at 25°C for 48 to 72
hours, the koji becomes a greenish yellow mass that results from mold growth and
sporulation (7). Nowadays, koji fermentation in Japan uses the automatic koji rooms
which can control temperature and moisture content automatically. The koji making
process of Thai soy sauce involves mixing of cooked soybeans with wheat or rice flour
in the ratio of 7 to 1 (10). However, the ratio varies slightly depending on
manufacturer. Some factories use a rotating drum or cement mixer for mixing koji.
Nowadays, many factories add 0.1 % of a pure spore inoculum of 4. oryzae into the

soybean and flour mixture for making good quality koji.

3.2 Moromi fermentation

The second step in making fermented soy sauce 1s brine fermentation or
moromi fermentation in Japanese terminology. This fermentation is unique in that it
utilizes halophilic lactic acid bacteria and salt tolerant yeasts (1). The presence of brine
(16 to 19%) effectively prevents growth of undesirable microorganisms, but promotes

growth of halophilic lactic acid bacteria and salt tolerant yeasts (7).

In Japanese soy sauce production, the finished koji is mixed with 110 to
120% or more of brine solution. The resultant mixture is called the moromi mash and
contains 17 to 19 % w/v sodium chloride (4). For Thai soy sauce, the ratio of brine
solution to koji is about 3 to 1 (w/v). After mixing, the moromi mash usually contains

a salt concentration of around 18 to 21 % (w/v) (10). It is dangerous to allow the
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moromi mash to contain salt concentrations less than 18 %, because the low salt
concentration will cause spoilage of the mash (4).

In Japanese soy sauce, the moromi mash is fermented in a wooden, concrete
or steel tank (5) and it takes about one year at ambient temperature. The incubation
period can be shortened to 3 to 4 months if warmed artificially to about 35 to 40°C.
During the fermentation period, the mash is stirred with brief aeration to stimulate
microbial growth (1). In Thailand, many factories have now adopted the use of large
fiberglass tanks instead of earthenware jars for moromi fermentation. However, others
still use the older process. The moromi mash is fermented in fiber glass tanks for a few
months in direct sunlight (10).

During the fermentation period, enzymes from the koji hydrolyze most
of the protein in the raw materials to amino acids and low molecular weight peptides
(1). About 20% of the starch is used by the koji mold and the remainder is converted
to simple sugars which are fermented primarily to lactic acid and ethanol by the
lactobacilli bacteria and yeasts, respectively (20). The pH drops from an initial value
of 6.5 to 7.0 down to 4.7 to 4.8 (1).

In the high salt moromi fermentation, only salt-tolerant microbes can grow.
Halotolerant lactic acid bacteria such as Pediococcus halophillus is the first group of
microorganism which grow in the moromi mash. The growth of this bacterium results
in the formation of organic acids such as lactic acid and it leads to acidic conditions in
the mash (4). The initial pH of the mash is about 6.0 to 7.0. After P. halophillus
pféduces lactic acid, it decreases to about 5.0. This intense allows P. halophillus to
reach a maximum level after which it cannot grow further due to its low tolerance to

acid (13). Next, halophilic yeast species such as Zygosaccharomyces rouxii grow
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vigorously and produce ethanol and other flavoring compounds (7, 21). After the lactic
acid and ethanol fermentations are completed, the mash is aged until the moldy odor
has disappeared (10, 21).

Nowadays, the Japanese soy sauce industry has developed the moromi
fermentation by adding pure cultures of P. halophillus and Zygosaccharomyces rouxii
to the mash at the beginning and at 1 month, respectively (7). During the aging period,
another yeast, Candida versatilis, grows in the mash and produces phenolic
compounds (1) such as 4-ethylguaiacol (4EG) and 4-ethylphenol that add typical
aroma to soy sauce. Therefore, the addition of Candida yeasts along with or following

S. rouxii is usually recommended (6).

3.3 Refining
The final process for production of fermented soy sauce is refining. This

includes pressing or filtration and pasteurization. Then the product is bottled and

packaged (7, 1).

3.3.1 Pressing

The liquid fraction on the top of the aged moromi mash is separated by
drawing off or siphoning. The remaining moromi mash which contains an undigested
solid soybean-flour mixture (soy cake) and some liquid fraction is processed further to
remove raw soy sauce from the soy cake by filtering with a memb;‘ane filter, a filter
press, or a hydraulic press machine in modern factories (4, 7). The residue moromi
mash from the first drawing can be used further to produce a second grade soy sauce

by adding more brine solution to it, followed by further incubation for some period of
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time. This process may be repeated several times. The soy sauce from the first drawing
is the best grade. In Thailand, the moromi mash residue can be used in two ways, (1)
for addition of more brine solution to produce a lower grade soy sauce or (ii) for
bottling as low grade soybean paste (19).

3.3.2 Pasteurization

Raw soy sauce that results from siphoning and pressing is heated to
pasteurization temperature (70 to 80°C) either in kettle or in a heat exchanger (5) for a
few minutes to inactivate enzymes and kill microbes (7). The pasteurization is very
important for soy sauce production for many reasons as follows,

a) to develope large numbers of compounds such as aldehydes, acetals,
mercaptans, mercaptals, organic acids, pyrazines, furfutals and others which contribute
to the sharp flavor and aroma characteristic of soy sauce,

b) to develope a reddish brown color,

¢) to improve clarity by precipitating heat-coagulable substances (4, 5),

d) to increase resistance to growth of film yeasts by production of organic
acids and phenolic compounds,

€) to inactivate most of the enzymes (1, 4, 7), and

f) to inactivate any undesirable microorganisms (1, 7).

After pasteurization, it may be necessary to clarify the soy sauce additionally
by centrifugation or sedimentation (7). Then, the clear supernatant is bottled and
packed. Usually a preservative such as sodium benzoate is added to the resultant
filtrate before bottling (1). In Japan, Butyl-p-hydroxybenzoate at a concentration of

0.005 % or sodium benzoate at 0.02 % are widely used (4). In Thai soy sauce, sodium

benzoate is used at a concentration of not more than 0.01 % (19).
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4. Protein hydrolysate

Protein hydrolysate can be used for many purposes such as enhancing the
flavor of food products (22), supplementing food for food allergy or food
hypersensitive patients (23) and feeding patients (24) who can not digest intact
proteins (25).

The protein raw material used in hydrolysis may originate either from plants
(e.g.. soybean), animals (e.g., casein) or microorganisms (e.g., yeast).

Protein hydrolysate can be produced using acid, alkali or enzymatic methods,
but enzymatic method is strongly preferred over chemical methods because it destroys
fewer essential amino acids (26). Hydrolyzed vegetable protein (HVP) is one example
of an acid protein hydrolysate (8). Production of gelatin is an example of alkaline
treatment (27). Hydrolysis of soy protein with microbial acid proteases is used to
prepare a lefnonade-like flavored beverage (28) and casein hydrolysis is used for
hypoallergenic infant formulae (25) by using the enzymatic method. The
enzymatically hydrolyzed products are used for food or nutritional purposes because

they are safer than chemically hydrolyzed products.

4.1 Source of protein used as a raw material for production of protein
hydrolysates
There are several kinds of proteins that can be used as raw materials for
production of protein hydrolysates. These proteins originate from animals, plants or

microorganisms. The proteins commonly used in nutritional protein hydrolysate
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include casein, whey protein and soy protein. Other sources of protein, include gelatin,
rice, potato, fish and egg albumin are less commonly used for economic reasons (26).

4.1.1 Proteins from plant origin

Wheat can be subjected to alkaline hydrolysis to produce wheat
protein concentrate (WPC) which contain 60 to 80% protein of very good nutritional
quality. Gluten, one of the most common proteins from wheat, was first isolated by an
Italian scientist named Beccari about 200 years ago. Wheat gluten contains good
functional properties after processing. These include viscoelasticity and good
emulsifier activity so it can be modified chemically to enhance water binding and
solubility properties. Therefore, it is used primarily as an extra source of protein in
foods such as bakery and breakfast foods in the USA and Australia (29). WPC has
more lysine than wheat flour. Therefore, it is suggested as a protein of good flavor
(wheaty) and color (brown) to fortify wheat based food. Wheat gluten is processed by
acid hydrolysis to produce HVP. It is considered as an excellent material for the
production of HVP because of its high content of glutamic acid (8).

Mungbean protein, a by-product separated from the production of vitreous
mungbean vermicelli, contains as high as 72% (dry basis) of protein (30) which is
composed of all the essential amino acid (31). Mungbean protein accounts for about
27% of the mungbean raw material (30, 31) that is used in vermicelli industry and it is
sold as an ingredient for animal feeds. It would be better if this large amount of
mungbean protein were hydrolyzed to yield a favoring product that could be used as a
flavoring ingredient in food products such as soups, sauces, meat, ﬁshery product and
ready-to-eat foods. Jantawat et al. (30) reported on the optimal conditions for acid

hydrolysis of mungbean protein and studied the influence of hydrolysis conditions on
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chemical and sensory characteristics of the product (30). Thomson (31) also studied
the used of the alkaline hydrolysis to isolate mungbean protein from the whole
mungbean. Mungbean is suitable for supplementing cereal-based products because its
amino acid pattern is better than that in cereals. However, mungbean protein has a
beany flavor and a dark color that is imparted to the final product. To overcome this
problem, the beans must be sufficiently dehulled before milling into flour or the
protein must be isolated from the mungbean to provide a better appearance and taste
when compared with the original meal. Mungbean protein can be used as a nutritional
and functional ingredient in many food products (31).

Coconut, a major industrial crop in Philippines, is a source of oil and protein.
However, oil is the only component used for food in major quantities. The protein in
the residue is used primarily as a feed supplement similarly to soybean meal. Pham
and Rosario (32) studied the acid hydrolysis of coconut using 10 N HC] and 18 N
H,S0, in two separate tests and found that it took about 48 hr to complete hydrolysis
at 95°C. Presently, protein hydrolysafe from coconut has very limited application in
the food industry.

The amount of soy protein production in the world is about equal to that of
animal protein (33). However, vegetable protein is much less used as a food
component since it lacks some of the desirable functional properties required for food
products. Improvement in the properties of soy proteins may increase its utilization as
a source of nutritive protein. Soy proteins are high in lysine and lpw in methionine.
Thus they are appropriate to supplement cereals which tend to have a limited lysine
content (33). There are several reports about the improvement of soy protein

properties. Most of them involve preparation of protein hydrolysate which is one
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strategy to modify soy protein and increase its utilization. Soy milk contains many
kinds of unpleasant flavor components that are quite difficult to eliminate completely
from it or its products. Sugimoto et al. (28) indicated that treating commercially
isolated soy protein with an acid-protease derived from the higher fungus, Trametes
sanguinea, at pH 4.6 can lead to a bland-tasting enzymatically modified soy protein
soluble.

Soy protein hydrolysate can also be used in fruit juices except for the fact that
the pH of fruit juice often coincides with the isoelectric pH region of soy protein.
However, insoluble soy protein can be eliminated by enzymatic hydrolysis. Roozen
and Pilnik (33) used ultrafiltration to select medium range molecular weight peptides
of the hydrolysate mixture to introduce into fruit juice products. The molecular weight
had to be low enough to ensure solubility in the acid fruit juice but not so low as to
give a bitter taste. As mentioned above, that molecular size of hydrolysate products is
a major factor governing functional properties (34). Therefore, it would be better if
one could determine the molecular size of hydrolysate products. Deeslie and Cheryan
(35) suggested an approach to hydrolyze protein by entrapping protease in a
membrane reactor so that the molecular size of the hydrolysate products could be
controlled by proper selection of the membrane. Zhang et al., 1996 (34) investigated
the hydrolysis of soybean proteins using a vortex flow filtration membrane (VFM)
reactor with hydrolyzed with Aspergillus oryzae protease. They found that the
hydrolysate from this VFM reactor was very promising for giving value-added
products from soybean protein. Soybean protein concentrates or a blend of these

vegetable proteins have been used as the major raw material for producing HVP (8).
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4.1.2 Proteins from animal origin

The proteins of animal origin used as substrates to produce protein
hydrolysates can be classified into 2 groups. The first one is proteins from dairy
products (e.g., casein, whey and cheese). The second group is proteins from meat by-
product (e.g., offal of poultry, pork, fish, etc) or egg albumin.

Protein hydrolysates derived from enzymatically digested casein and whey

are commonly used in hypoallergenic infant food formulae. Mahmoud et al. (25)
studied the effect of the degree of hydrolysis on antigenicity and physical properties of
caseinderived enzymatic hydrolysates. They found that extensive hydrolysis of casein
could provide virtually nonantigenic food and also resulted in considerable reduction
in emulsifying property. Haque and Mozaffar (36) studied the continuous production
of casein hydrolysate by using an immobilized enzyme bioreactor. The results showed
that papain, trypsin, chymotrypsin and Rhozym-41 immobilized onto amino propyl-
(AP)-glass beads were stable in batch or continuous stirred tank reactors and yielded
satisfactory casein hydrolysates. Whey protein hydrolysate can be prepared using
either Alcalase® 0.6L (37) or a commercial pancreatic protease such as Corolase® PP

(procine), Pancreatin® (porcine) and PEM 800S (bovine) (38). The o-lactalbumin,

insoluble heat denatured whey protein (38) and B-lactoglobulin can also be used as
substrates (37) for preparing whey protein hydorlysates.

In acidified cheese production, proteolytic enzymes alone or combined with
lipolytic enzymes are used to direct and accelerate ripening and flavor development in
cheese (39). Lazaridis et al. (40) has reported the successful use of protease derived

from A. oryzae to control the meltability in directly acidified cheese products. The
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optimum temperature and pH for the enzymatic reaction were reported to be 50°C and
7.0, respectively.

Eggs are commonly use in food products, and the demand for them may
increase if their functional properties can be improved. Therefore, several researchers
have attempted to modify egg albumin in order to enhance its functional performance.
One of the methods have been enzyme hydrolysis. Kewpie (41) found that proteolytic
enzymes from A. oryzae and S. griceus could enhance the foaming of frozen whole
egg products.

In the meat industry, it has been estimated that the amount of protein
currently discarded as process waste or merely downgraded to animal feed or fertilizer
may represent the equivalent of one eighth of the total lean meat content of
slaughtered animals (42). The majority of this protein is of high nutritional quality and
obviously represents substantial economic loss to the meat industry. For example in
1996, Fonkwe and Singh (43) studied protein recovery from mechanically deboned
turkey residue (MDTR) by enzymic hydrolysis. The hydrolysis process could recover
46% of MDTR proteins. The hydrolysate contained 78% protein, 4.6% ash and only
5.7% fat. In fish, there are several reports about recovery of protein from offal since
there is a large amount of waste from finfish and shellfish fisheries (44). Fish protein
has a good pattern of essential amino acids and it potentially has good nutritive value
(45). The hydrolysis of whole male capelin with Alcalase® 2.4L resulted in the
successful production of fish protein hydrolysate (FDH) in powder form. It was high
in protein, low in fat, relatively odorless and light yellow in color (45). Fish stomachs
and intestines can be utilized for food, feed and biotechnological purposes. For -

example, they contain a high concentration of pepsin (9 g/l) that can be obtained by
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ultrafiltration of the aqueous phase. For example, a Trypsin-like enzyme concentrate
could be obtained by ultrafiltration of fish sauce produced by salt fermentation of cod
intestines. The hydrolysis of headed-gutted and frame mince of red hake (Urophycis
chuss) with the commercial enzymes, Flavourzyme® and Savorase®, resulted in a
seafood flavor (46).

In shellfish, protein recovery from the cephalothorax of Brazilian Lobster
(Panulirus spp) processing wastes was performed by enzyme hydrolysis with papain,
pepsin and fungal protease (47). The fungal protease gave the highest degree of
hydrolysis. The protein hydrolysate product was hi‘ghly soluble, with excellent
wettability, some capacity for oil emulsification and no bitter off-flavor (48). Webster
(48) also reported on protein hydrolysates from meat industry by-products. Bovine
lungs, bovine rumen and partially defatted tissue were hydrolyzed at 50°C with either
pepsin, papain, neutrase or alcalase. Papain was found to be the most effective
hydrolysing agent while neutrase was the least effective.

4.1.3 Proteins from microbial origin

The most common source of microbial protein for hydrolysis is
yeast. Yeast extract is a commercially available hydrolysate product produced from
yeast hydrolytic enzymes (autolysis) or by other methods (plasmolysis or hydrolysis)
in order to release the cell contents in a highly degrade form. Yeast extract is popular
for use as a natural flavoring agent and a growth promoter of microorganisms in
industrial fermentation. Yeast extract can be produced from brewers and bakers yeast,
Saccharomyces cerevisiae or other yeast species such as Candida utilis or

Kluveromyces marxianus (8).
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Otero et al. (49) reported that acid hydrolysis of dried fodder’s yeast, C.
utilis, can be used to prepare an imitation soy sauce product. An aqueous yeast
suspension (15%) was poured into the stainless steel reactor, mixed with 15% of HCI,
and the reaction was allowed to run at 150°C for 40 min. Then the reactor was cooled
rapidly, neutralized and centrifuged. This raw imitation soy sauce was supplemented
with 12% NaCl, 0.1% monosodium glutamate, 2% vinegar and 0.1% sodium benzoate
and evaluated by sensory analysis. It was found that the imitation sauce from yeast

was at least as good as commercial hydrolyzed soybean sauce.

5. Process for production of protein hydrolysate

Protein hydrolysate can be produced by using either acid, alkaline or
enzymatic methods (26). In comparison with chemical hydrolysis, enzymatic
hydrolysis has several advantages. For instance, enzymes have unique specificity of
action and function under mild conditions and deactivation of the enzymes after use by
heating makes the downstream processing much simples (50). Furthermore, enzymatic
hydrolysis can produce hydrolysates with a well-defined peptide profile (26) and there
is no destruction or racemization of amino acids so that the nutritional quality of the
original protein is retained (51). While acid and alkaline hydrolysis can destroy L-
form amino acidsv, produce D-form amino acid ands can lead to the formation of toxic
substances like lysino-alanine (26). Therefore, the enzyme hydrolysis is preferable
method for use in food applications to render better functional properties without

deterioration in nutritional value (52).
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5.1 Production of protein hydrolysates by acid hydrolysis

The acid hydrblysis of mungbean protein powder (i.e., the by-product
powder obtained from the production of vitreous mungbean vermicelli) was carried
out by mixing 10 g of mungbean protein powder with 6 M hydrochloric acid (HCI) at
the ratio of 1 to 3 in Erlenmeyer flask. It was then hydrolyzed by autoclaving at 120°C
for 6 hr. The hydrolysate was cooled to ambient temperature and pH was adjusted to
5.5 to 6.0 before filtration to remove precipitates. The hydrolysated product gave high
amino nitrogen and the higest amino nitrogen to total nitrogen ratio with a good odor
score (30).

Hydrochloric acid is also used for preparing protein hydrolysates from
defatted coconut and soybean meals (32), for acid hydrolysis of waste shrimp-shell to
obtain glucosamine (53) and for preparing imitation soy sauce from hydrolyzed dried
yeast C. utilis. In some cases, sulfuric acid (H,SO4) can be used instead of HCI, such
as in the preparation of protein hydrolysate from defatted coconut and soybean meals.
However, the conditions of hydrolysis may be different. For example, hydrolysis of
soybean meal with 6 N HCl is complete after 36 hr at 95°C while it takes only 24 hr to

complete the process when 18 N H,SO, is used instead at the same temperature (32).

5.2 Production of protein hydrolysates by alkaline hydrolysis

Among the three methods of protein hydrolysis, alkaline hydrolysis is
used least in food applications. Alkaline hydrolysis can be used for preparing gelatin
type B. There are two types of gelatin; type A and type B. Type A is produced by acid
processing of collagenous raw materials and has an isoelectric point between pH 7 and

9. Type B is alkaline or lime processed and has an isoelectric point between pH 4.8
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and 5.2. Gelatin is widely used in food applications such as in meat products, dairy
products and confectionery products, but the largest use is for making gelatin desserts
(27).

In 1991, Dave et al. (54) studied alkaline hydrolysis of casein for preparing
canned tuna fish. About 4.4 kg of casein was hydrolyzed with 60% w/v of sodium
hydroxide solution. The casein h}‘/dro'lysate was used to supplement canned tuna

products (55).

5.3 Production of profein hydrolysates by enzymatic methods

Enzymatic hydrolysis of protein using selected proteolytic enzymes to
split specific peptide bonds is widely used in the food industry (56). The degradation
of protein into peptides increases solubility and improves functional properties such as
taste, viscosity, whippability, emulsifying and foaming capability (52).

Proteolytic enzymes such as trypsin and chrymotrypsin (animal proteases),
papain, bromelain and ficin (plant proteases) and alcalase and neutrase (microbial
proteases) can be used in hydrolytic processes (50). The protease from
microorganisms seems to be more widely used than either plant or animal proteases
since their production is cheap and easy to scale up and since they usually have broad
specificity toward substrates. The process for production of protein hydrolysates by
enzymatic methods is illustrated in Figure 2.

There have been several reports on the use of plant proteases to produce
protein hydrolysates. Fonkwe and Singh (43) reported that papain could be used for
recovering potentially edible protein from mechanically deboned turkey residue

(MDTR). The hydrolysis was undertaken by mixing 500 g of MDTR with 1 litre of
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water on a 60°C water bath. Then papain was added at the ratio of MDTR to enzyme
of 250 g MDTR to 1 g of papain. The mixture was stirred for 30 to 45 min, then
filtered and centrifuged. The enzyme was inactivated by heating at 95°C for 15 min
and cooled down. In general, such hydrolysate products have potential for use in a
wide range of applications due to excellent solubility in water over a wide range of
pH’s. Webster (48) also reported on the use of papain to hydrolyze protein from meat
industry by-products such as bovine lungs, rumens and partially defatted tissue.

A animal proteases can be used for hydrolyzing of protein from dairy
products. For example, casein can be enzymatically hydrolyzed by porcine pancreatin
for potential use in hypoallergenic infant formulae. The commercial acid casein is
dissolved in deionized preheated water (45 to 50°C) and brought to pH 7. Then
porcine pancreatin, 4X USP is added into thé mixture and hydrolyzed to obtain the
final casein hydrolysate with an amino nitrogen (AN) to total nitrogen (TN) ratio of
0.55 to 0.65. The mixture is maintained at pH 7 throughout hydrolysis. The finished
product is heated in a boiling water bath for 10 min, then, rapidly cooled to 20-25°C
and frozen at -20°C for 1 week before analysis.

Microbial proteases can be produced from Bacillus subtilis, A. oryzae, A.
niger, S. cerevidiae or K. fragilis. These proteases are widely used in protein
hydrolysis. The fungal proteases derived from A4. oryzae have been developed to
control the meltability of direct acidified cheese products (40). The acidié-protease
preparation from 7. sanguinea is used in the hydrolysis of bland soybean protein for
producing a lemonade-like flavored protein-containing beverage which contains no
unpleasant flavor (28). The process for production of hydrolysates is as follows. A

cooked suspension of 5% (w/w) Promine D (commercial neutral isolated soybean
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Figure 2 Process for production of protein hydrolysate by the enzymatic method (26).
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protein in sodium form) is mixed with a small amount of an acid-protease preparation
from T. sanguinea, adjusted to pH 3.3 to 3.5 with concentrated lemon juice and
incubated at 50°C for 8 to 10 hr. After enzyme inactivation by heat treatment, the
hydrolysate product is centrifuged to separate the insoluble part. The clear supernatant
hydrolysate product possesses excellent functional properties and is almost entirely
free from unbleasant flavors, including bitterness and meat-like taste and it has high
buffer capacity. Alcalase®, which is a commercial microorganism protease, can be
used for hydrolyzing many kinds of protein such as whole male frozen capelin fish
(45), whey or whey protein concentrates (37) and blood protein (55).

In the hydrolytic process, the type of enzyme, concentration of enzyme,
conditions of reaction and degree of hydrolysis can effect hydrolysis efficiency and
physicochemical properties of the resulting hydrolysates (56). These conditions have
to be selected for the appropriate type of enzyme, suitable concentration of enzyme
and optimal conditions for the reaction. For example, in the hydyrolysis of Brazilian
lobster processing wastes, the enzyme papain, pepsin and fungal protease were used
and each was is tested at concentrations of 2, 4 and 5 mg/g (enzyme/substrate, wet
weight basis). It was found that hydrolysis at 37°C by fungal protease at 5 mg/g
produced the highest degree of hydrolysis (47). Webster (48) also reported that were
among the three enzymes papain, neutrase and alcalase used in hydrolysis of meat
industry by-products, papain was the most effective while neutrase was the least
effective. The degree of hydrolysis depends on the intended use of the hydrolysate.
With milk protein for example, a low degree of hydrolysis is desirable for maintaining

functional properties. Extensive hydrolysis may be necessary when the hydrolysate is

44561 RER AL AL
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to be used for specific purposes such as chemically defined or hydroallergenic infant

formulae (56).

6. Application of protein hydrolysates

The major application of protein hydrolysates is in the food industry. They
have been used for protein enrichment of soft drinks and juice-base beverages (57) and
as flavor enhancers. Protein hydrolysates are also used in medical diets such as
hypoallergenic infant formulae for food allergy patients and as foods for specific
diseases (24). Furthermore, protein hydrolysates can be use as growth promoters in

culture media for many kinds of cell cultures.

6.1 Protein hydrolysates for food applications

Protein hydrolysates are used as food ingredients to provide meat-like savory
flavors in the form of amino acids and peptides (58). They have good physicochemical
properties such as high solubility, low viscosity and high protein Content. Proteins
increase emulsification and stabilization, increase viscosity, improve appearance, taste
or texture and bind with fat or water. Nutritional benefits include lowering the caloric
content of foods, increasing the protein level and balancing the amino-acid profile.
The application of proteins in food products is shown in Table 2 27).

Protein hydrolysates in food products can improve functional properties. For
example, enzyme hydrolyzed soy protein curd contributes whipping and foaming
properties to products and oil-free soybean flakes provide functionalkingredients.

These hydrolyzed soy proteins may be used in dairy products, confectionery products,
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Table 2 Functions of food proteins and their applications (27).

Function Application Protein type

Nutrition Infant formula, protein- Soy, milk proteins
enriched foods

Solubility Beverages, liquid and Whey, soy proteins
moist foods

Viscosity Soups, sauces, Various proteins
salad dressings, yogurt

Water holding Meat and seafood products, | Muscle proteins, egg,
baked goods, yogurt milk and soy proteins

Gelation Meat products, baked goods, | Muscle proteins, egg, soy
dairy products, gelatin-type | and milk proteins
desserts

Adhesion/cohesion Meats, sausages, pasta, Muscle, egg, and whey
baked foods Proteins

Emulsification Sausages, salad dressings, Muscle, milk, egg, and
Sauces, baked goods SOy proteins

Foaming/shipping/ Confectionery, baked goods, | Egg proteins, milk and

film formation

whipped toppings, frozen

desserts

soy proteins
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baked goods and beverages (27). Roozen (33) reported that the hydrolysis of soy
protein can eliminate the insolubility of soy protein at isoelectric pH of them which
coincides with the pH as would occur in fruit juice. Protein hydrolysates with high
solubility, low viscosity and high palatability give a unique potential for protein
enrichment of soft drinks and juice-based beverages (57). The emulsifying property of
hydrolyzed proteins is improved by carefully controlling the extent of hydrolysis. If
proteins are to extensively hydrolyzed, their emulsifying capacity will decrease
substantially. Therefore, in some nutritional formulac which incorporate such

hydrolysates stabilizers of the emulsion may be required (59).

6.2 Protein hydrolysates for nutritional and therapeutic purposes
Protein hydrolysates possess a number of function properties which
make them attractive as a protein source in human nutrition, both in products for
special medical use and in consumer products for more general use (58). Medical
foods are designed to provide complete or supplemental nutritional support to
individuals who are unable to ingest adequate amounts of food in a conventional form,
or to provide special nutritional support to patients who have special physiological and
nutritional needs (24). The use of protein hydrolysates as a dietary nitrogen source is
already well established within the medical area e.g., in patients with impaired
gastrointestinal function either caused by a reduced absorption surface (e.g., short
bowel syndrom and Crohn’s disease) or by a reduced digestive capacity (e.g., cystic
fibrosis and pancreatitis). Highly hydrolyzed proteins are also used in hypoallergenic
formulae, especially for infants with allergies to some kinds of foods such as milk

protein (57).
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Certain hospital patients such as elderly people or post-operative people may
have difficulty in obtaining sufficient protein. Therefore, protein-enriched juice or soft
drinks may be formulated with casein hydrolysate (27). Casein hydrolysate is used
because of its quick absorption and high solubility at various pH ranges (27). Casein
phosphopeptides isolated from casein hydrolysates have a potential as an enhancer for

gastrointestinal absorption of calcium.

6.3 Protein hydrolysate as a growth promoter in culture medium

The protein hydrolysates from casein and tryptic meat can be used as
gfowth promoters in culture media. Casein hydrolysates hydrolyzed by alcalase,
chymotrypsin and trypsin can promote the growth of Bifidobacteriumital (60). The
protein hydrolysate, Primatone RL, produced from tryptic meat digests serves as a
source of amino acid, oligopeptides, iron salts, some lipids and other trace compounds
of low molecular weight. It is a cost-effective multiple growth promoter of
mammalian-cell culture in serum-containing and serum-free media and also displays
anti-apoptosis properties (61). Singh (62) reported the enhancement of Spirulina
biomass productivity by a protein hydrolysate. At the optimum dosage, the
hydrolystate enhanced Spirulina productivity by almost 40% when compared to

untreated cultures.

7. Proteolytic enzymes

Proteolytic enzymes have the capability to cleave peptide bonds of proteins to
produce small peptides and amino acids (50). Protease is degradative enzyme which

catalyzes the total hydrolysis of proteins (63). In the hydrolysis reaction, one mole of
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water is added for every peptide bond cleaved and this can effect the mass balance of
the amount of protein hydrolyzed and the final amount of hydrolysate product (64).

During the hydrolysis process, the protein can also be broken down by
chemical and physical force such as strong chemicals, extreme pH and/or extreme
temperatures. However, hydrolysis by protease enzymes is much gentler than that by
chemical methods. There are several advantages of using proteases instead of physical
or chemical treatments:

1) They have unique specificity of action, preventing potentially undesirable
side reactions.

2) They function under mild conditions, avoiding extremes of temperature
and pH and minimizing side reaction which usuélly occur during chemical and
physical treatments.

3) They have an extremely high catalytic activity, requiring less processing
energy than any chemical or physical treatment.

4) They are normally inactivated after use by subsequent processing, making
additional removal steps unnecessary.

However, proteases also exhibit some serious drawbacks. For example, they
are not sufficiently stable or active under normal physical properties of food, they
cannot be reused because of the difficulty of separating them from the substrate (50).

Proteases have been classified according to purpose. They are grossly
subdivided into two groups according to their sites of action; exopeptidases and
endopeptidases. Exopeptidases cleave the peptide bond proximal to the amino
(aminopeptidases) or carboxy (carboxypeptidases) termini of the substrate, whereas

endopeptidases cleave peptide bonds distant from the termini or inner regions of the
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substrate. Based on the functional group of the active site, catalytic residues and three
dimensional structure, four major groups are recognized. These are serine proteases,
aspartic proteases, cysteine proteases and metalloproteases (63). Serine proteases can
be classified further into two subgroups, serine alkaline proteases that are active at
highly alkaline pH and represent the largest subgroup of serine proteases, and
subtilisins. Furthermore, proteases can be classified based on source, namely, plants,
animals and microorganisms, and based on optimal pH profile which can be divided

into three types, acid, neutral and alkaline proteases.

7.1 Source of protease enzymes
Since proteases are physiologically necessary for living organisms, they are
ubiquitous and found in a wide variety of organisms such as plants, animals and
microorganisms (63). Enzymes obtained from plants and animals are quite limited.
Moreover, plant and animal availability also depends on season and environmental
conditions and can result in erratic quality of enzyme extracts. Microbial enzymes are
more economical because their production is cheap and easy to scale up. In addition,
microorganisms produce a wider variety of specific proteases than either plants or
animals (50).
7.1.1 Plant proteases
There are three major types of plant proteases that are commercially
used. These are papain, bromelain and ficin (50). Papain is a traditional plant protease.
It is extracted from the latex of Carica papaya fruits. Papain has a broader specificity
than bromelain and ficin due to the presence of several proteinase and peptide

isozymes. Bromelain is prepared from the stem and juice of pineapples. Ficin is
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prepared from fig. Plant proteases act on the B-chain of insulin and are used in many
industries. Applications include chill-proofing of beer, meat tenderization,
manufacture of protein hydrolysates, baking, aiding digestion and medical treatment
(65).

7.1.2 Animal proteases

The most familiar proteases of animal origin are pancreatic trypsin,
chymotrypsin, pepsin and rennins (66). Trypsin is the main intestinal digestive
enzyme. It has limited application in the food industry because it produces a strong
bitter taste. Therefore, it is commonly used in the preparation of bacterial media and in
some specialized medical applications. Chymotrypsin is found in animal pancreatic
extract and is stored in the pancreas as the precursor, chymotrypsinogen, and is
activated by trypsin in a multi step process. This enzyme is quite expensive and is
used only for diagnostic and analytical purposes. Pepsin is the most acidic protease
and is found in the stomachs of almost all vertebrates. The optimal pH of its function
is 1 to 2, while the optimal pH of stomach is 2 to 4. Pepsin is inactivated above pH
6.0. Rennin is a pepsin-like protease found in stomach of all nursing mammals. It is
produced as an inactive precursor, prorennin, and is converted to active rennin by the
action of pepsin or by autolysis. Rennin is used extensively in the diary industry to
produce a stable curd with good flavor (63).

7.1.3 Microbial proteases

Proteases from microbial sources have broad biochemical diversity and
are susceptible to easy genetic manipulation. Microbial proteases account for
approximately 40% of the total worldwide enzyme sales (67). Most of bacterial

proteases are produced by organisms belonging to the genus Bacillus. Bacterial neutral
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proteases are active over a narrow pH range (pH 5 to 8). They provide less bitterness
in hydrolyzed food protein than animal proteinases do. Therefore, they are valuable for
use in the food industry. For examples, neutrase is used in the brewing industry.
Bacterial alkaline proteases are active under highly alkaline conditions (e.g. pH 10)
and their optimal temperatures are about 60°C. They also have broad substrate
specificity and so are widely used in the detergent industry (63).

Fungi produce a wide variety of enzymes. For example, 4. oryzae produces
acid neutral and alkaline proteases. Fungal proteases are active over a wide range of
pPH (pH 4 to 11) and exhibit broad substrate specificity. They are conveniently
produced in solid-state fermentation processes. Fungal proteases have lower reaction
rates and lower thermotolerance than most bacterial proteases do. Fungal acid
proteases have optimal pH at pH 4 to 4.5 and are widely used in the cheese making
industry. Fungal, neutral proteases are active at pH 7.0 and are inhibited by chelating
agents. They are used for reducing bitterness of food protein hydrolysates. Fungal

alkaline proteases can be used in food protein modification (63).

8. Application of proteases

Proteases have a wide variety of applications, mainly in the detergent and
food industries. They are also used to treat some diseases. Proteases used in the
detergent and food industries are prepared in bulk quantities and used as crude
preparations. By contrast, those for pharmaceutical use are prepared in small amounts

and require extensive purification (63).
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8.1 The detergent industry

The used of proteases in laundry detergents accounts for approximately 25%
of the total worldwide sale of enzymes. The first enzymatic detergent was introduced
in 1913. It consisted of sodium carbonate and a crude pancreatic extract (pepsin) (50).
The first detergent containing bacterial enzymes was introduced in 1956 under the
trade name BIO-40 (63). The bacterial enzymes used comprise a mixture of serine and
metal microbial proteases that are less degradable by soap, alkali and high
temperatures (50).

The ideal detergent proteases should provide broad substrate specificity to
facilitate the removal of a large variety of stains due to food, blood and other body
secretions. Also, activity and stability at high pH and temperature and compatibility
with other chelating and oxidizing agents added to detergents are among the major
prerequisites for proteases in detergents. Currently, all detergent proteases used in the

market are serine proteases produced by Bacillus strains (63).

8.2 Food industry

Proteolytic enzymes are very useful substances in the dairy industry where
their major application is in manufacture of cheese. Three proteases are used in cheese
making. There are animal rennet, microbial milk coagulants and genetically
engineering chymosin (63). Rennet refers to the standardized water extract obtained
from the fourth stomach of milk-fed calves. Rennin can remove a glycopeptide from
soluble calcium caseinate to yield relatively insoluble calcium paracaseinate which

precipitates to form the desired curd for the production of cheese (50). Microbial
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rennets derived from Mucor miehei, M. pusillus and Endothia parasitica are currently
used in at least 60% of the cheese in the united states (68).

Whey is a by-product of cheese manufacture that contains lactose, proteins,
minerals and lactic acid. The insoluble heat-denatured whey protein can be solubilized
by treatment with immobilized trypsin (63).

For tenderization of meat products, thiol proteases from A. oryzae and B.
subtilis are used. On individual pieces of meat, they act on muscle fiber rather than
connective tissue. For tenderizing of connective tissue papain, bromelain and ficin are
used. Papain, bromelain and ficin have also been used for the chill-proofing of beer.
Nowadays, however, these enzymes are often substituted by microbial proteases
derived from A. oryzae and B. subtilis (69).

The natural level of proteases in wheat flour are too low to have a significant
effect in bread making. Wheat gluten is an insoluble protein in wheat flour which
determines the properties of bakery doughs. Proteases from A. oryzae are added to
hydrolyze and shorten the chains of gluten to reduce the mixing time and increase loaf
volumes. Bacterial proteaeses are used to improve the extensibility and strength of the
dough (50, 63).

Proteaes are extensively used in the hydrolysis of food protein to yield better
nutritional and functional food products. For example, in soy sauce production,
alkaline and neutral proteases of 4. oryzae hydrolyze most of the protein in soybean
and wheat to form amino acids and low molecular weight peptides which provide
meaty and savory flavor in t};e soy sauce product.

Thiol proteases are used to reduce viscosity in condensed fish hydrolysates

(70) and acidic proteases are used to hydrolyze soybean for reducing the unpleasant
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flavor in protein-containing lemonade-like flavored beverages (28). In some cases,
protein hydrolysate is used for making the protein soluble at isoelectic pH value, for
example in the hydrolysis of soybean protein or casein to make protein products

suitable for use in soft drinks and liquid foods.

8.3 Health related industry

A wide diversity of specific proteases are used to develop effective
therapeutic agents. Oral administration of proteases from A. oryzae has been used as a
digestive aid to correct certain lytic enzyme deficiency syndromes. Clostridial
collagease or subtilisin is used in combination with broad-spectrum antibiotics in the
treatment of burns and wounds. An asparaginase isolated from Escherichia coli is used

to eliminate aspargine from the bloodstream in various forms of lymphocytic leukemia

(71).

8.4 Other applications

Proteases also play an important role in basic research and biochemical
research. Their selective peptide cleavage is used in the elucidation of the structure-
function relationship, in the synthesis of peptides and in sequencing of proteins.

In the leather industry, the use of proteases instead of hazardous chemicals
such as sodium sulfide can improve leather quality and reduce environmental pollution
significantly. Recently, Novo Nordisk has manufactured three different proteases,

Aquaderm, NUE and Pyrase for use in soaking, dehairing and bating processes of the

leather industry, respectively (63).
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CHAPTER III

MATERIALS AND METHODS

1. Chemicals and reagents

All chemicals and reagents used in all experiments except where indicated
otherwise, were analytical grade. Plate count agar, copper sulfate (CuSQy,), potassium
sulfate (KSO,), sulfuric acid (H,SO4), boric acid (H3BOs), bromocresol green,
hydrochloric acid (HCI), mercuric nitrate (Hg(NO3)), absolute ethanol (CH3CH,0H),
3,5-dinitrosalicylic acid (C7H4N,O7) and D-glucose were purchased form E.Merck
(Germany). Nitric acid (HNOs) and diphenylcarbazone were purchased from Fluka
(Swi'tzerland). Methyl red was purchased from Difco (U.S.A).

The commercial grade 50 % sodium hydroxide (NaOH) was obtained form
Asrom company (Thailand). Kojizyme™ was obtained from Novo Nordisk
(Denmark). The commercial grade sodium chloride (NaCl) was obtained from Vichit
Roung Raung soy sauce factory. Soybean meal was obtained from Aung Suang Ha
factory.

Kojizyme™ was an exo-peptidase and endo-protease complex produced by
fermentation of selected strains of Aspergillus and Bacillus. Tt was brown, free-
flowing, non-dusting granulate, which was granulated on wheat grits and NaCl. The
enzyme was readily soluble in water. It had a declared activity of 800 LAPU/g. One
LAPU (Leucine Aminopeptidase Unit) was the amount of enzyme which hydrolyzed 1

pmole of L-leucine-p nitroanilide per minute. The typical dosage which recommended
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by manufacturer was about 2% based on protein in the substrate. This product
complied with FAO/WHO JECFA and FCC recommended specifications for food
grade enzymes, containing maximum limits of 5 x 104/g for total viable count and
102/g for molds.

According to the manufacturer, Kojizyme™ was developed for boosting soy
sauce fermentation. When added into the fermentation tank in the beginning of liquid
state fermentation, Kojizyme™ would improve the enzymatic degradation of the raw
materials. Kojizyme™ had a high activity in the pH range of soy sauce fermentation
which started at about 6.5 and decreased to about 4.8 at the end of fermentation period
in which Kojizyme™ had maximum activity (100%) at pH 5.8 to 6.3. Kojizyme™ had
a much higher activity at a high salt level than protease activity from A. oryzae in
traditional process. Kojizyme™ had 100%, 80% and 70% relative activity in the

condition that contained no NaCl, 5 to 10% NaCl and 15 to 20% NaCl, respectively

(72).

2. Equipment

The major equipment used in this study included a Homoginizer (Janke
Kunkel, JK RW 20 DZMP4, IKA Laboratechnik, Germany), Thermostat water bath
(KW Pack Medical Laboratory Instrument, Thailand), Kettle (SKK Gearmoter type
ME G22, SKK Gear works, Toshiba Corporation,Japan), Centrifuges (Sorvell RC-5C
plus and RC-3B plus, Sorvall Instrument, DouPont, U.S.A), Micro Kjeldahl (Kjeltec®
system, Turbosog, Kjeldtherm and Vapodest unit, Gerhardt, Germany),
Spectrophotometer (Novaspec® II-Pharmacia LKB, Novaspec II, Sweden), pH meter

(Orion EA940, U.S.A) and Moisture analysis (Sortorious, MA30, Germany).
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3. Determination of microorganisms

Each sample was serially diluted ten fold with sterile water. After appropriate
dilutions were made, 1 ml of each sample was used to prepare pour plates for agar
count plates. After incubation at 37°C for 2 to 3 days, the plates containing 30-300
colonies were used to determine the number of viable bacteria in each sample. The
total bacterial count in each sample was determined by direct counting with a dark

background.

4. Chemical analysis

4.1 Determination of protein

Protein content was determined in terms of total nitrogen content by the
Kjeldahl method (73) using a Micro Kjeldahl apparatus. One ml or one gram of
sample was measured accurately and filled into a digestion tube. The catalyst (3.5 g
potassium sulfate and 0.5 g copper sulfate) was added into the tube. Then, 15 ml of
concentrated sulfuric acid was added into the tube. The digestion tube that was filled
with sample, catalyst and concentrated sulfuric acid was digested in the digestion ‘unit
at 420°C for 45 min or until the clear green solution occurred. Then the digestion tube
was cooled to room temperature. Thirty ml of distilled water was added into the
cooled digestion tube. Then these digestion tube was fitted with the steam Teflon pipe
of the distillation unit. The glass pipe of the condenser of distillation unit was dipped
into a Erlenmeyer flask containing 25 ml of 4 % Boric acid (w/v) in distilled water that
was added with a few drops of mixed indicators, bromocresol green and methyl red
(see Appendix A). The distillation process was performed by adding water and 40%

NaOH into the digestion tube. Then, distillation was carried out for 4 min. The
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ammonium salt in the sample was evaporated into ammonia and fixed with 4 % boric
acid by condensation. The solution in the Erlenmeyer flask was titrated with standard
0.1 N HCI until reaching the end point when the color of the solution changed from
green to violet-red. The ammonia absorbed in the boric acid was determined
throughout the reaction of titration with HCI. The protein content expressed as percent
total protein in terms of total nitrogen was calculated as indicated in the following

equations.

]

Percent total nitrogen 1.401 x Np x Vu

weight or volume of sample
Percent protein = percent total nitrogen x 6.25*
Na : normality of hydrochloric acid for titration
Va : volume of hydrochloric acid for titration
* : index for calculation percent protein by Kjeldahl method
for meat protein, fish protein, corn protein and soybean

protein

4.2 Determination of sodium chloride concentration by titration with
mercuric nitrate
Sodium chloride concentration was measured by titration of 25 ml of
éppropriately diluted sample with 0.2 M Hg(NO;), (see Appendix A) by using 0.1 ml
ot:O.l % diphenylcarbazone (see Appendix A) as the color indicator. The end point

was determined by the appearance of the permanent dark purple color. The volume of
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mercuric nitrate solution used to reach the end point was used to calculate the

concentration of sodium chloride in the sample by the following equation.

% NaCl (w/v) = 2M,V, x W x Dilution factor x 100

Vi x 1000
Vi : volume of sample
V2 : volume of Hg(NOs),
M : concentration of Hg(NOs),

W : molecular weight of NaCl

4.3 Determination of reducing sugar

The amount of reducing sugar was determined by using Dinitro Salicilic acid
(DNS) method (74). A clear solution sample (0.5 ml) with appropriate dilution was
mixed with 0.5 ml of DNS reagent (see Appendix A). Then, the mixture was boiled for
5 min. The reaction was terminated by cooling immediately by placing the mixture on
the ice bath. Five ml of water was added into the mixture, mixed well and then
measured the optical density at the absorbance of 520 nm. The reducing sugar content

was calculated as follows.

Reducing sugars (ug/ml) = ODs; x Dilution factor

slope of standard curve*
* Standard curve of reducing sugar was prepared by using D-glucose

at concentration of 16.67-66.67 ug/ml as the standard reagent.
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4.4 Determination of brown color
The clear solution sample with appropriate dilution was measured at the

absorbance of 420 nm against distilled water to determine the brown color (49).

5 Production of soybean hydrolysate from soybean meal

5.1 Laboratory scale production of protein hydrolysate from soybean
meal
5.1.1 Preparation of soybean meal as the substrate for
production of soybean meal hydrolysate
Defatted soybean meal (SBM) which was the by product from a
soybean oil factory was used as the raw material for prbduction of soybean meal
hydrolysate (SBH). The SBM was obtained from Aung Suang Ha factory in a
relatively large flake form and had to be grounded into fine particles in order to
increase the efficiency of digestion. Prior to grinding, SBM was dried in the oven at
100 °C for 5 to 6 hr in order to decrease the moisture content and reduce difficulty in
the grinding process with high moisture content it stuck in the grinding machine and
interfered with the grinding process. After drying, SBM was ground using a 26-mesh
sieve. The fine SBM granules' were collected and kept in plastic bags until used.
Samples were taken to measure moisture content and protein content by the Kjeldahl
method. The protein content in each sample was calculated in terms of percent protein
per gram dry weight.
In preparing the SBM for hydrolysis, finely ground SBM was mixed with
water in the ratio of 1:1 (by weight). This gave moisted SBM which provided good

heat transfer. It was put into the plastic bags, spread out as thin as possible and
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sterilized at 121°C for 15 min. It was then kept briefly at ambient room temperature to
cool before being use in the hydrolysis process.
5.1.2  Determination of optimal conditions for hydrolysis of
SBM
Three parameters were studied for determining tl;e optimal

conditions for hydrolysis of SBM. These parameters were water content of the
mixture, temperature and amount of Kojizyme ™ used in the h)}drolysis reaction.

Laboratory scale hydrolysis of SBM was performed in a stainless steel
container. Two kg of ground and sterilized SBM was mixed with either 2.5 kg or 4
kg of water to bring the total solid content of the mixture to 22 or 17 %, respectively.
The mixture was then put in a stainless steel container and placed in a thermostatic
water bath at either 50°C-or 55°C to control the temperature of digestion. When the
temperature reach to the desirable value, an appropriate amount (2 % or 4 % of the
amount of protein in SBM) of Kojizyme™ was added. This was the commercial
mixture of exo-peptidase and endo-protease. The contents were mixed with a
homogenizer at 100 rpm. At various intervals, samples were taken to determine
soluble protein content and pH.

Each sample was centrifuged at 12,000 rpm (11,000 xg) for 25 min in a
Sorvall RC-5C plus centrifuge. The pellet was discarded and the supernatant was
collected and stored in 4°C until use for analysis. The supernatant of each SBH sample
was used for determining of protein content and pH. The protein content in the

supernatant was determined by the Kjeldahl method and expressed in terms of percent

soluble protein (w/v).
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The degree of solubilization was used to determine the efficiency of
hydrolysis. Degree of solubilization was the ratio of total soluble protein which
obtained from the supernatant fraction of hydrolysis product to the total protein in the
substrate in dry weight basis. The ratio was multiplied by 100 to obtain value as
percent solubilization.

5.1.3 Determination of bacterial contamination during the
hydrolysis of SBM
The extend of bacterial contamination was determined by measuring
viable bacterial counts by the Plate Count Agar (PCA) method. Soybean hydrolysate
samples were collected at various intervals after starting the digestion. Each sample
was appropriately diluted and plated on Plate Count Agar plate. The plates were
incubated at 37°C for 72 hr. The number of the colonies were then determined on

plates which contained between 30-300 colonies.

5.2 Large scale production of protein hydrolysate from SBM

Large scale production of SBH was performed in a double jacket Kettle
(Figure 3). The SBM (12.5 kg) was mixed with 12.5 kg water and sterilized at 121°C
for 15 min, then cooled at room temperature. Prior to hydrolysis, the jacket of the
kettle was circulated with 50°C water from a water bath. Then, the sterilized SBM was
placed into the kettle and 31 kg of water was added. After the temperature of the
mixture in the kettle reached 50°C, Kojizyme™ (at 2 % level based on the amount of
protein in the SBM) was added into the mixture. The addition of enzyme marked the
start of the reaction. The mixture was hydrolyzed for 12 hr and hydrolysate samples

were taken at appropriate time intervals. Each hydrolysate sample was centrifuged at
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Figure 3 Double jacket kettle (SKK Gearmotor Type ME G22, SKK Gear work,

Toshiba Corporation, Japan) that was used in the production of large scale
SBH.
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12,000 rpm (11,000 xg) for 25 min, then the supernatant fraction was collected and

stored at 4°C until used for further analysis. The supernatant of the hydrolysate
samples was tested for protein content and pH. After completion of the reaction at 12"
hr. the whole protein hydrolysate preparation was collected froﬁl the kettle and kept at

4°C until used further for use in the moromi fermentation experiments.

6. Protein enrichment of soy sauce by supplementation with SBH at

various stages of fermentation

6.1 Supplementation of SBH in the final soy sauce product

Soy sauce samples from'three months old primary moromi fermentation
from Vichit Rung Ruong soy sauce factory were used in these experiments. The
clarified SBH (cSBH) preparations from laboratory scale soybean hydrolysis were
used for mixing with finished soy sauce in various ratios. Three different preparations
were made to contain increasing levels of cSBH. The ratio’s of finished SOy sauce to
¢SBH in the three preparations was 1:0.5, 1:1 and 1:1.5. Finished soy sauce with a
NaCl concentration of 30% (w/v) were diluted to 22% prior to mixing with cSBH and
the final product after mixing was adjusted by adding NaCl to obtain a final
concentration of 22%. To completely dissolve the NaCl in the final product, the
sample had to be warmed during mixing until the NaCl was completely dissolved.
These mixed soy sauce products were analyzed for soluble protein, NaCl, reducing
sugar, pH, color and also used for sensory evaluation tests in order to determine for the

consumer acceptability.
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6.2 Supplementation of SBH in primary moromi fermentation

The SBH from large scale production was added into the primary cycle
moromi fermentation. The moromi fermentation was carried out in 120 L earthenware
jars at Vichit Rung Ruong soy sauce factory. Two day old koji was used as the starting
material in these moromi fermentations. Moromi fermentation was carried out using a
ratio of koji and SBH mixture to brine solution at 1:2 (by weight) and incubated for 2
months at ambient temperature. The concentration of sodium chloride was controlled
in the range of 24 to 27 %.There were 3 sets of experiments as follows, (1) control soy
sauce (CSS,) in which only brine solution was added, (ii) experimental soy sauce in
which SBH was added at the beginning of moromi fermentation (ESS Hy), on the 34"
day of moromi fermentation (ESSH34) and on the 49 day of moromi fermentation
(ESS Hyy), (iii) experimental soy sauce in which Kojizyme™ was added at the
beginning of moromi fermentation (ESS,;Ky), oﬁ the 34" day of moromi fermentation
(ESS|K34) and on the 49" day of moromi fermentation (ESS;K4o). The schematic
representation of these experiments is outline in Figure 4.

When SBH was added to the moromi mash, the amount added was
determined based on the protein content in the koji. Half of the protein content in the
moromi mash came from koji and another half came from SBH. When SBH was
added at the beginning of moromi fermentation, the amount of koji used was 8.5 kg
which represented a protein content of 2.0 kg (8.5 kg x 23.6 %). The SBH used in
these experiments had a protein content of 8.9 % (w/v). Therefore, ’the added amount
was 22.6 kg (2.0 kg protein at a concentration of 8.9 %) (Table 3). When SBH was

added at the 34" day of fermentation, the moromi mash from koji starting materials
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was divided into 2 equal parts and to each part was added 23.0 kg of SBH with a
protein content of 8.7 % (2.0 kg protein at a concentration of 8.7 %). Sodium cholride
was added to the mixture to obtain a final concentration between 24 to 27 % (W/v).
When SBH was added on the 49" day of fermentation, the SBH was added by the
same procedure as on the 34™ day. The mixture was added with 22.0 kg of SBH
which contained protein content of 9.1 % (2.0 kg protein at a concentration of 9.1 %).

When Kojizyme™ was to be added to moromi fermentation, it was always
added at a concentration of 2% of the protein content of the koji used in the moromi
fermentation. For example, if 17 kg of koji containing 23.6 % (w/w) protein was used,
then the amount of Kojizyme™ added was equivalent t0 80.3 g (2 % x 23.6 % x 17
kg). A detailed summary of the raw materials used for preparation of the protein
enriched soy sauce products 6btained from the primary cycle moromi fermentation
appears in Table 3.

After the addition of SBH or Kojizyme™ into the moromi mash, the moromi
mash was incubated in earthenware containers at ambient temperature for 68 days.
During the incubation period, the moromi samples were taken at the beginning, first
week and then every 2 weeks during the two months period of fermentation. Before
taking samples, the final volume and salinity were controlled by adding fresh water
into the jars if the volume decreased from evaporation. Each moromi sample Was
filtered through cotton gauze and then centrifuged at 12,000 rpm (11,000 xg) for 25
min. The supernatant was collected and subsequently used to analyze for protein
content, sodium chloride concentration, reducing sugar, pH and color (ODjy). At the
end of incubation, the moromi mash was harvested by filtering out the insoluble part

and centrifuged to collect the supernatant. The clarified soy sauce samples were used
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for sensory evaluations in order to test for the acceptance and preference of consumers

to the products.

6.3 Supplementation of SBH in the secondary moromi fermentation

After filtering the soluble portion from the primary cycle moromi fermentation
to obtain first grade soy sauce, the residue mash (called moromi mash residue) (MMR)
was used as the starting material for a secondary cycle moromi fermentation. The
secondary moromi fermentation was carried out by using the ratio of substrates (MMR
or mixture of MMR and SBH, or MMR and SBM) to brine solution of 1:3 (w/w). The
mixtures were further fermented in earthenware jars for one month. There were three
sets of experiments, namely, (i) control soy sauce (CSS;) to which only brine solution
was added, (ii) 20 kg of MMR to which 20 kg of SBH (ESS,H?) or 10 kg of SBH
(ESS,;H") was added and (i) 20 kg of MMR to which 8.8 kg of autoclaved-SBM
(ESS:M?) or 4.4 kg of autoclaved-SBM (ESSle) was added. A schematic
representation of these experiments is outlined in Figure 5. A detailed summary of the
raw materials used for preparation of protein enriched soy sauce products obtained
from the secondary cycle moromi fermentation appears in Table 4. The amount of
SBH that was added into the mixture was based on the content (weight) of MMR as
shown in Table 4. The amount of SBM added into the mixture was based on the
amount of SBM that was used in the preparation of SBH (Table 4). In ESS,H? which
20 kg of SBH was added, 4.4 kg of SBM was used by mixing with 4.4 kg of water and
then autoclaved. When autoclaved-SBM was used in the hydrolysation process,

another 2.5 times (11.2 kg) of water was added to the mixture. Therefore, in ESS,M*
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the same amount of SBM was used as in ESS,H* which used 4.4 kg SBM mixed with
4.4 kg of water before autoclaving. In ESS,H' and ESS;M', the amount of SBM used
was the same at about 2.2 kg.

After the addition of SBH or SBM into the moromi mash residue, the moromi
mash was incubated in earthenware containers for 26 days. During the incubation
period, samples were taken at the beginning, second, third and fourth week during the
one month period of fermentation. Each moromi sample was filtered through cotton
- gauze and then centrifuged at 12,000 rpm (11,000 xg) for 25 min. The supernatant was
collected and subsequently used to analyze for protein content, sodium chloride
concentration, reducing sugar, pH and color (OD4y). At the end of incubation, the
moromi mash was harvested by filtering out the insoluble part and centrifuged to
collect the supernatant. The clarified soy sauce samples were used for sensory

evaluation in order to test for consumer acceptance and preference.

7. Preparation of the soy sauce sample for sensory evaluation

After completion of moromi fermentations, the mash was filtered through a
rough sieve to separate the insoluble content from the soluble part. Subsequently, the
soluble part was filtered through cotton gauze again for further clarification. Then the
supernatant was centrifuged at 4,500 rpm (5,900 xg) for 30 min in Sorvall RC-3B
plus. The clarified supernatant after centrifugation represented raw soy sauce samples
were collected and stored at 4°C until further analysis. The raw soy sauce samples
were used to assay for soluble protein, NaCl concentration, reducing sugar, pH and
color. Prior to sensory evaluation, the raw soy sauce samples of either primary or

secondary moromi fermentations were diluted with distilled water, so that the final
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sodium chloride contents were between 20 to 22 %. The primary and secondary cycle

moromi fermentation raw soy sauce samples were heated to 100°C and maintained at

95°C for 15 and 20 min, respectively. The samples were then tested for soluble protein

content, NaCl concentration, reducing sugars, pH and color and stored at 4°C until

used for sensory evaluation tests.

8. Survey of consumer attitudes toward soy sauce products

A total of one hundred subjects, including general consumers as well as soy
sauce factory owners were asked to answer the survey questionnaires. The
questionnaires were divided into three sections; personal information, attitude toward
traditional soy sauce products and attitude toward new soy sauce products as
illustrated in Appendix B and the result illustrated in Appendix D. Subjects who

familiar with soy sauce products were chosen to undertake subsequent sensory

evaluation tests,

9. Sensory evaluation of soy sauce samples

In sensory evaluation tests, soy sauce samples were tested as a dipping sauce.
In each test of sensory evaluation, fifty subjects were asked to conduct the test. Each
subject received one tray containing four soy sauce samples labeled with 3 digit
numbers and 1 cup of small pieces of cooked chicken for dipping with these samples.
One piece of napkin, 1 glass of water and a sheet of questionnaire were placed in the
sensory booth beside the sample tray.(Figurel6). The serving orders consisted of 15

combinations. The serving size of soy sauce was 10 ml each. Sensory evaluation of

44561 LA g X
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Figure 6 Sensory evaluation booth that used to undertake the sensory evaluation test.

One set of sample contained four soy sauce samples labeling with 3 digit
numbers and 1 cup of small pieces of cooked chicken. One piece of napkin,
1 glass of water and a sheet of questionnaire were placed in the sensory

booth beside the sample tray.
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each soy sauce product was evaluated for general appearance, color and odor prior to
vtasting of the soy sauce products. Subsequently, the subjects were requested to
evaluate for overall acceptability, flavor, taste and saltiness. Finally, they were asked
to evaluate for off-flavor of products. The general appearance, odor, overall
acceptability, flavor and taste were evaluated using 9 point hedonic scale (1:dislike
extremely, S:neither like nor dislike, 9:like extremely). The color intensity and
saltiness were evaluated by using 5 point hedonic scale (1:much too light and less
salty, 3:just about right, 5:much too dark and much too salty). Off-flavor was
evaluated using a 15 cm line scale (1 cm: did not have off-flavor, 7.5 cm: had about 50
% of off-flavor, 15 cm: had extremely off-flavor) A sample questionnaire appears in
Appendix C. |
All sensory evaluation data were calculated as mean and standard deviation

(SD). Treatment means were compared by one way analysis of variance (ANOVA)
with a significance level of 95%. Also, the mean values were computed and compared

by using Duncan New Multiple Range test. The computations were as follows:

Critical difference = dr \/MSE/n

Where d represented values derived from Statistical Tables that showed the
critical values of the Duncan New Multiple Range Test and r represented number of

mean being compared. MSE represented Mean Square Error and n represented number

of sample being compared.
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CHAPTER 1V

RESULTS

1. Determination of optimal conditions for hydrolysis of SBM

In order to determine optimal conditions for hydrolysis of SBM, the effects of
concentration of Kojizyme™, temperature and the total solid content of the reaction
mixture were studied. For study on effects of Kojizyme™, experiments were carried
out by fixing the temperature at 55°C and total solid content at 22 %. The amount of
Kojizyme™ added was at the levels of 2 % and 4 % based on the dry weight of
protein in the substrate. For study on effects of temperature, experiments were
performed by fixing the amount of Kojizyme™ at 2 % of protein in the substrate and
total solid content at 22 %. Temperatures were 50 and 55°C. For study on effects of
total solid content of the reaction mixture upon the degree of hydrolysis, experiments
were undertaken by fixing the amount of Kojizyme™ at 2 % based on protein content
in substrate and temperature at 50°C. The total amount of solid content was tested at
17 and 22 %. The reaction mixtures under various conditions were initiated by the
addition of enzyme preparation. At predetermined time intervals, samples were taken
and centrifuged to obtain the supernatant fraction. The supernatant fractions were used
for determining soluble protein and pH. The degree of solubilization was calculated

from the ratio of total soluble protein to the total protein in the substrate multiplied by
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100. The increase ip degree of solubilization from the beginning of hydrolysis also

used for comparing the efficiency of hydrolysis in each experiment.

1.1 Effects of various concentrations of KojizymeTM on the hydrolysis of

SBM

Based on recommendation from the manufacturer (74), Kojizyme ™
should be used at the level of 2 % of the substrate (based on protein content of the
substrate). In the following experiments, Kojizyme™ was added to the reaction
mixtures at two concentrations (i.e. 2 % and 4%). The increase in soluble protein and
the decrease in pH during 14 hr of incubation as shown in Figure 7a and 7b,
respectively. The percent soluble protein contents from experiments containing of 2%
and 4% Kojizyme™ experiments were about 4.5 and 4.2 % at the beginning of
hydrolysis, then increased to 7.1 and 7.3 % at the peak of solubilization between 6 and
8 hr of hydrolysis, respec_tively. After eight hr incubation, the concentration of soluble
protein was found to be maintained at maximum value during the 14 hr duration of the
experiment. There was no difference in the pattern of pH decrease in the solubilization

reaction whether 2% or 4% Kojizyme™

was used. The initial pH values were
between 6.3 to 6.4 and decreased continuously to the level of 5.1 to 5.3 after about 12
hr of incubation and maintained at this level until the end of the experiments at 14 hr.
The time course for production of SBH as expressed in terms of degree of
solubilization as shown in Figure 7c. It was found that 2% and 4% Kojizyme™
experiments had degree of hydrolysis about 31.1 and 33.8% at the beginning of

hydrolysis and increase to about 52.8 and 54.8% at the 6" and 8" hr of hydrolysis,

respectively. The increase in degree of solubilization (Figure 7d) showed that the
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Figure 7 Effects of two different concentrations of Kojizyme™ on hydrolysis of
SBM. One kg of SBM was mixed with 3.5 kg water to obtain total solid
content of 22%. Then, Kojizyme™ was added at 2% ¢e—) and 4% (a)
level based on protein content of SBM. The reaction mixtures were
incubated at 55 °C, and at indicated time intervals, samples were taken
and centrifuged at 12,000 rpm for 25 min. Each supernatant fraction was
assayed for soluble protein (a) and pH (b). The efficiency of hydrolysis
was calculated and expressed in term of degree of solubilization (c) and

the increase in degree of solubilization from the beginning of hydrolysis ¢d).
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maximum increase in degree of solubilization of 2 % and 4 % Kojizyme™ were 19.0
and 23.7%, respectively. The data indicated that when the concentration of
KojizymeTM was doubled, the increase in degree of solubilization increased only
slightly about 4.7%. Thus, in order to save cost, Kojizyme™ at 2% level was used in
the subsequent experiments. As stated earlier, this was the same value recommended

by the manufacturer of Kojizyme ™.

1.2 Effects of temperatures on the hydrolysis of SBM
From a previous study (75) it was found that the optimal temperature for
hydrolysis of SBM was 55°C while other study (76) reported that optimal hydrolysis
could be obtained at 50°C. Therefore, experiments were set up to investigate the
effects of the temperatures at 50°C and 55°C on the hydrolysis of SBM. The increase
in soluble protein and the decrease in pH during 14 hr of incubation period were
shown in Figures 8a and 8b, respectively. The production of soluble protein at 50°C
and 55°C was approximately 5.2% and 4.5% at the beginning of hydrolysis. This
increased to maximum values of 8.4% and 7.1% for the 6™ to 12% hr at 50°C and 55°
C, respectively. There was no difference in the pattern of pH decrease in the
solublization mixture at 50°C or 55°C. The initial pH values were 6.2 to 6.3 at the
beginning and these decreased to 5.0 to 5.3-at the 14™ hr of incubation.
The time courses for production of SBH as expressed in term of degree of
solubilization as shown in Figure 8c. It was found that 50°C and 55°C experiments

had degree of hydrolysis about 39.5 and 33.8% at the beginning of hydrolysis and

increase to about 62.8 and 52.8% at the12" and 6™ hr of hydrolysis, respectively.
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Figure 8 Effects of temperatures at 50 °C and 55 °C on hydrolysis of SBM.
One kg of SBM was mixed with 3.5 kg water to obtain total solid content of
22%. Then, Kojizyme™ was added at 2% levels based on protein content of
SBM. The reaction mixtures were incubated at 50 °C (=) and 55 °C (*-).
At indicated time intervals, samples were taken and centrifuged at 12,000
rpm for 25 min. Each supernatant fraction was assayed for soluble protein
(a) and pH (b). The efficiency of hydrolysis was calculated and expressed
in term of degree of solubilization (c) and the increase in degree of

solubilization from the beginning of hydrolysis (d).
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The increase in degree of solubilization (Figure 8d) showed that the maximum

increase in degree of solubilization of 50°C and 55°C were 23.3 and 19.0%,
respectively. The data indicated that a temperature of 50°C gave 4% higher yield than

at 55°C. Therefore, 50°C was optimal for the hydrolysis of SBM under the conditions

outlined.

1.3 Effects of total water content on the hydrolysis of SBM
In the hydrolysation process, not only temperature and amount of

Kojizyme™ will effect the efficiency of hydrolysis, but also water content. From a
previous study (75), it was found that the optimal amount of water for hydrolysis of
SBM was about 3.5 times of the substrate (w/v), i.e., a total solid content of 22 %.
Therefore, in this study the reaction was run using water content at 3.5 and 5.0 times
the amount of SBM, i.e., total solid contents of 22 % and 17 %, respectively. The
increase in soluble protein and decrease in pH during the 14 hr incubation period were
shown in Figures 9a and 9b, respectively. The percent soluble protein at 17 % and 22
% were about 2.2 and 4.0% at the beginning of hydrolysis, then increased to 5.2 and
9.4 % at the 12" hr of hydrolysis, respectively. There was no difference in the pattern
of pH decrease in the solubilization mixture at 17 % or 22 %. The initial pH values
were about 6.0 at the beginning and decreased continuously to the level of 5.2 to 5.3 at
the 12" hr.

The time courses for production of SBH as expressed in term of degree of
solubilization as shown in Figure 9c. It was found that 17 and 22% total solid content
experiments had degree of hydrolysis about 23.3 and 29.8% at the beginning of

hydrolysis and increase to about 56.1 and 70.1% at the14"™ and 12™ hr of hydrolysis,
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Figure 9 Effects of total solid contents at 17% and 22% on hydrolysis of SBM.

One kg of SBM was mixed with water at 3.5 and 5.0 kg to obtain total solid
content of 17% (o) and 22% (- ). Then Kojizyme™ was added at 2%

levels based on protein content of SBM. The reaction mixtures were

incubated at 55 °C, and at indicated time intervals, samples were taken and

centrifuged at 12,000 rpm for 25 min. Each supernatant fraction was assayed

for soluble protein (a) and pH (b). The efficiency of hydrolysis was

calculated and expressed in term of degree of solubilization (c) and the

increase in degree of solubilization from the beginning of hydrolysis (d).
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respectively. The increase in degree of solubilization (Figure 9d) showed that the
maximum increase in degree of solubilization of 17 and 22% total solid content were
32.8 and 40.3%, respectively. The data indicated that a total solid content at 22% gave
7.5% higher yield than at 17% total ‘solid content. Therefore, 22% total solid content
was optimal for the hydrolysis of SBM under the conditions outlined.

In conclusion, the preferred conditions for SBM hydrolysis were Kojizyme™
at 2 % of SBM protein , total solid content of 22 % and temperature 50°C for 12 hr.

Therefore, these conditions were used for the large scale production of SBH.

2. Pattern of soluble protein content, pH and bacterial contamination
during the hydrolysis of SBM

Production of soluble protein from SBM was confirmed on the laboratory
scale using Kojizyme™ at 2 % of SBM protein , 50°C and total solid content of 22 %.
Data as shown in Figure 8 indicated the maximum level of soluble protein (8.3%) was
obtained after 8 to 12 hrs of hydrolysis. It was also found that there was some
reduction in the soluble protein content after the maximum level was obtained and
attempts were made to clarify the nature of this reduction. When hydrolysis of SBM
was uﬁdertaken asApreviously described and saxﬁples were taken at various intervals to
determine the number of contaminating bacteria, it was found that there was a relation
between percent soluble protein, pH and bacterial contamination as showed in F igure
10. From the 0 to 8™ hr, the soluble protein and total bacterial count increased from 6
x 10* t0 9.6 x 10" CFU/ml. After the 12 hr, the protein content decreased while the

total bacterial count increased further until 20™ and then decreased afterward. The pH



Wanida Saejung Results / 74

65 9.0 10°
| 108
6.0
>
2 107
(=3 o
& £
=554 = )
[oF 8 iz
S 100 ©
o,
2L
5
50 =
A L 105
45 104

o_
N
o
o
-

10 12 14 16 18 20 22 24 26
Time (hr)

Figure 10 Pattern of soluble protein content, pH and bacterial contamination during
the hydrolysis of SBM. SBM was hydrolyzed with conditions of total solid
content of 22%, Kojizyme™ at 2 % of SBM protein and temperature at
50°C. The SBH samples were taken at the appropriate time intervals. The
samples were tested for total bacterial count, CFU/ml (=-). The SBH

samples were then centrifuged at 12,000 rpm for 25 min to assay for

soluble protein (—e-) and pH 4 ).
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of the hydrolysis products decreased slowly in the first 6 hr from 6.2 to 6.1 and then

decreased rapidly to 4.8 at 16™ hr of incubation.

3. Large scale production of SBH

Using similar conditions for hydrolysis of SBM at the laboratory scale as
found in the previous experiments, attempts were made to produce SBH in large
quantity.

The large scale production of SBH was carried out a in double jacket kettle by
using 12.5 kg of SBM as the starting material mixed with 43.8 kg of water to provided
a total solid content of 22 %. Kojizyme™ at 106.3 g (equal to 2% of SBM protein)
was added to the mixture. Reactions were controlled at 50°C for 12 hr. The detailed
methods are described in the Materials and Methods section. Composition of raw
materials that used in the large scale production are shown in Table 5.

For individual large scale experiments, each SBH sample was taken and
centrifuged for collecting soluble fraction. The supernatant fractions were used for
determining the soluble protein content and pH. Data of soluble protein content of
five large scale productions of SBH at12" hr were illustrated in Table 5 and these data
were used for calculation of degree of solubilization. It was shown that degree of
solubilization in large scale prodﬁction of SBH was about 49.1% after 12 hr of
hydrolysis.

The mean pH values in supernatant fractions of the five large scale batches
are illustrated in Figure 11. The initial pH value was about 6.3 and decreased
continuously to the level of 5.0 after about 12 hr of incubation. This pH profile was

similar to that for laboratory scale hydrolysis.
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Figure 11 The pH* of SBH samples from large scale production.
Each reaction contained 12.5 kg SBM and 43.8 kg of water which
provided a total solid content of 22 %. Kojizyme™ was added at
2 % of SBM protein. The reaction was performed at 50°C for 12 hr.
Samples were taken at the indicated time intervals. Samples were
centrifuged at 12,000 rpm for 25 min to collect the supernatant
fraction for pH (—*)determination.

* the average value from 5 experiments
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4. Enhancement of soluble protein content in traditional soy sauce
product by addition of SBH

4.1 Chemical analysis of soluble protein enhanced soy sauce samples

Presently, there are several grades of Thai soy sauce products available in
the market. The quality and prices differ substantially among these different grade soy
sauce products. Quality is usually judged by the protein content which varies from 3%
for the first grade to as low as 1.5% for the fourth grade. A good quality soy sauce
usually contains 3 to 4% (w/w) protein. It might be possible to enhance the protein by
adding an appropriate amount of SBH. Therefore, cSBH of 5.6% protein content was
mixed with the finished soy sauce of 3.0% protein content at various ratio and the final
salinity was adjusted by NaCl addition to obtain the final salinity of 22%. The results
of chemical analysis of these products are shown in Table 6. The level of protein in the
various mixtures was 3.04, 3.47, 3.85 and 4.93% w/v (i.e., mixtures containing 0, 0.5
part, 1 part and 1.5 parts of cSBH, respectively). This was equivalent to percent
soluble protein increases of 0.43, 0.81 and 1.89% w/v, respectively. In the mixtures,
- reducing sugar and color decreased a little since the clarified SBH had lower values
for these two parameters than typical soy sauce. The pH of the mixture did not show
any significant difference from soy sauce and remained between 4.6 to 4.8. From the
chemical analysis data, there was no difference in the typical and the mixed SOy sauce
products, except for the increase in the soluble protein content. However, since SBH
might contain some components that cause off-flavor and off-odor in the product, it
would be important that these products were further subjected to sensory evaluation in

order to test for consumer acceptance and preference.
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4.2 Sensory evaluation of SBH enhanced soy sauce samples

SBH enhanced soy sauce samples used in the sensory evaluation test are
illustrated in Figure 12. The results are shown in Figures 13a and 13b and indicated no
statistically significant differences (P > 0.05) in mean values for general appearance,
overall acceptance, flavor, taste, salinity and off-flavor among the treatment groups.
There was a statistically significant difference (P < 0.05) in mean values of odor
among the treatment groups. As the amount of clarified SBH in the mixture increased,
the sensory scores decreased. Thus, the ratio of typical soy sauce to clarified SBH at
1:0.5 was only acceptable ratio that still maintained odor of traditional soy sauce. In
the mean scores of flavor and taste, there was no statistically significant difference
améng the treatment groups, but the mean scores decreased as the amount of clarified
SBH increased in the mixture. There was a statistically significant difference (P <
0.05) in mean values of color among the treatment groups. The mean scores for color
were lowest when clarified SBH was added to typical soy sauce at a ratio of 1:1.5.

The general appearance, overall acceptability and off-flavor were used as
criteria to decide which mixture provided the best characteristics. Since there were no
statistically significant differences among the treatment groups except for odor (P <
0.05) in the soy sauce samples that were mixed with clarified SBH at ratios higher
than 1:0.5. Thus, at 1:0.5 the test subjects accepted that the mixture maintainéd the
traditional odor of soy sauce. Therefore, the ratio of typical soy sauce to clarified SBH

at 1:0.5 was only acceptable mixture for possible supplementation.
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Figure 12 Appearance of soy sauce samples that were mixed with soluble protein

from ¢cSBH at various ratio’s.
SS . SOy sauce

¢SBH : clarified soybean meal hydrolysate
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S. Protein enrichment in primary moromi fermentation by addition
of SBH or K_ojizymeTM

Since the addition of soluble protein from clarified SBH into the finished soy
sauce gave a detectable off-odor at too high supplementation, another strategy was
initiated to increase soluble protein in soy sauce by addition of SBH or Kojizyme™ to
the moromi fermentation.

SBH or Kojizyme™ was added to the primary moromi fermentation at various
times as described in the Materials and Methods section. The results of these analyses

are described below.

5.1 Chemical analysis of modified primary moromi fermentations

5.1.1 Soluble protein from modified primary moromi

fermentations

The amount of soluble protein in the various moromi mash treatments
are shown in Figure 14. The soluble protein content of normal moromi (CSSY
increased significantly by about 4% (from 1 to 5%) in the first week and then
increased gradually thereafter reaching 9% at end of the fermentation period.

The soluble protein contents for the SBH treatments (ESSHy, ESS{H3,
and ESSHy) wefe slightly lower than that for typical soy sauce (CSS;). It was found
that before SBH was added into the moromi mash at day 34 (ESSiH34) and day 49
(ESS{Hys), the soluble protein content was about the same as that of CSS,. However,

after SBH addition, the soluble protein content decreased to about the same level as
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(a) Moromi mash mixed with SBH (b) Moromi mash mixed with Kojizyme ™
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Figure 14 Soluble protein content during the primary moromi fermentation.
Moromi mash was prepared by mixing 17 kg of koji with 34 kg of saturated
brine solution. One batch of moromi mash was divided into 2 equal parts
and to one part was added 22 kg SBH (a). To the other batch was added
with 80.3g of Kojizyme™ (b). SBH ( e ) was added to moromi mash at
day 0 (— 9, at day 34 (=) and at day 49 (—-). Similarly, Kojizyme™
( o ) was added to moromi mash at day 0 (—), at day 34 (—=-) and
at day 49 (o 9. One moromi batch each without any addition was used as

the control for the SBH (—e) and Kojizyme™ (o) experiments.
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that of ESS Hy (Figure 14a). The slight decrease in soluble protein content after the
SBH addition might have been due to dilution of protein by water contained in the
SBH. The soluble protein in the enzyme treatments (ESS Ko, ESS:K34 and ESSK49)
was about the same as that of CSS,; throughout the fermentation period (Figure 14b).
Therefore, it was shown that Kojizyme™ did not accelerate the enzymatic degradation
of soybean protein over that of the natural process.

Based on the above results, it was concluded that the addition of SBH
and Kojizyme™ to the primary cycle moromi fermentation could not enhance the
level of soluble protein in finished soy sauce.

5.1.2 Sodium chloride concentration from modified primary

moromi fermentations

In all experiments, the initial sodium chloride concentration
was adjusted to 24 to 27%. Saturated brine solution [31 % (w/v) or 23.8 °Baume]
was used as the stock solution in most of the experiments excepted in SBH
experiments where solid NaCl was added. Throughout the incubation period, the
concentration of NaCl was controlled by addition of water to the jars if the volume
decreased through evaporation. The NaCl concentration of samples fluctuated mostly
between 24 and 27 % as shown in Figure 15. Figure 15a shows the NaCl concentration
of CSS, and ESSH. In the first 6 days, moromi samples of ESS,H, showed that the
NaCl concentration increased from 22% to 26%, probably due to evaporation of water
when exposed to direct sun. Subsequently, the NaCl concentration was held in the
raﬁge of 24 to 27%. In ESS Ha,, after the moromi mash was divided into two parts for

SBH addition, solid NaCl was added incorrectly so that the final salinity rose to 31%,

or about 4% higher than that desired.
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(a) Moromi mash mixed with SBH  (b) Moromi mash mixed with Kojizyme ™
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Figure 15 Sodium chloride concentration during the primary moromi fermentation.
Moromi mash was prepared by mixing 17 kg of koji with 34 kg of saturated
brine solution. One batch of moromi mash was divided into 2 equal parts
and to one part was added 22 kg SBH (a). To the other batch was added
with 80.3g of Kojizyme™ (b). SBH ( ® ) was added to moromi mash at
day 0 = -), at day 34 €=-) and at day 49 {+—). Similarly, Kojizyme™
( o ) was added to moromi mash at day 0 (. -), at day 34 (-=-) and at
day 49 ¢o-). One moromi batch each without any addition was used as

the control for the SBH () and Kojizyme™ (——) experiments.
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5.1.3 Reducing sugar from modified primary moromi
fermentations
The patterns for reducing sugar content of CSS; and ESS,K (Figure
16b) were quite similar. Concentrations of reducing sugar increased significantly in
the first week, then stabilized with small fluctuations throughout the rest of the
fermentation period. The levels of reducing sugar were about 25 to 28 mg/ml at the
end of fermentation period.

In comparing concentrations of reducing sugar in ESS;H, and CSS; (Figure
16a), the level of reducing sugar of ESS,H, was higher than that of CSS, at the
beginning. However, in the 5 day old sample, the concentration of reducing sugar of
CSS; became higher than that in ESS;Hy. In ESS;H34 and ESS;H,s addition of SBH
resulted in a rapid decrease in the concentration of reducing sugar.

5.1.4 pH from modified primary moromi fermentations

In this study, the pH’s was found to decrease in all experiments. The pH
profiles of CSS, and ESS|K were similar. Figure 17b showed that pH decreased
rapidly from 5.8 to 5.3 at the first week, then decreased further to 4.8 throughout the
49" day. The pH of ESS;H, was slightly lower than that of CSS, at the beginning,
thereafter the pH profile was similar to that of CSS, (Figure 17a). In ESS;Hs4 and
ESS Hyy, before adding SBH into the moromi mash, the pH’s were similar to that of
CSS, but after adding SBH, the pH decreased to 4.5 and 4.1, respectively probably due

to the relatively low pH of SBH (4.7 to 4.8).
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(a) Moromi mash mixed with SBH (b) Moromi mash mixed with Kojizyme™
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Figure 16 Reducing sugar content during the primary moromi fermentation.

Moromi mash was prepared by mixing 17 kg of koji with 34 kg of saturated
brine solution. One batch of moromi mash was divided into 2 equal parts
and to one part was added 22 kg SBH (a). To the other batch was added
with 80.3g of Kojizyme™ (b). SBH ( @ ) was added to moromi mash at
day 0 ¢(+—), at day 34 (—=-) and at day 49 (*-). Similarly, Kojizyme™

( o ) was added to moromi mash at day 0 (=), at day 34 (—<-) and at

day 49 (). One moromi batch each without any additioﬁ was used as

the control for the SBH (—» ) and Kojizyme™ (— -) experiments.
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(a) Moromi mash mixed with SBH (b) Moromi mash mixed with KojizymeTM
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Figure 17 The pH profile during the primary moromi fermentation. Moromi mash
was prepared by mixing 17 kg of koji with 34 kg of saturated brine
solution. One batch of moromi mash was divided into 2 equal parts and
to one part was added 22 kg SBH (a). To the other batch was added with
80.3g of Kojizyme™ (b). SBH ( ® ) was added to moromi mash at day 0
(—). at day 34 ¢=-) and at day 49 (—-). Similarly, Kojizyme™ ( o )
was added to moromi mash at day 0 (— ), at day 34 (-=)and day 49
(—. One moromi batch each without any addition was used as the control

for the SBH (—-) and Kojizyme™ (o) experiments.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biotechnology) / 91

3.1.5 Color from modified primary moromi fermentations

Non-enzymatic browning or the Millard reaction occurs between amino
groups and reducing compounds. In foods, the amino compounds are predominantly
free amino acids or proteins and reducing compounds are primarily reducing sugar.
This reaction leads to the development of a dark brown color which is measured in soy
sauce by determining the optical density (OD) at absorbency of 420 nm.

The color profiles of CSS; and ESS,K were similar (Figure 18b). The intensity
of color increased rapidly during the first week. After the 19™ day, the intensity
increased linearly.

In ESS Hy samples (Figure 18a), the color was more intense than those of CSS;
at the beginning. Subsequently, the color intensity increased according to the length
of fermentation period. In ESS;H34 and ESS,Hyo before adding SBH into the moromi
mash, the color intensities was similar to those of CSS,. After adding SBH, the color

intensity decreased approximately equal to those of ESS;H,

5.2 Sensory evaluation of soy sauce from primary moromi fermentations

The soy sauce samples were first analyzed for chemical properties (Table

7). They were subsequently used in sensory evaluation tests as illustrated in Figure
19. The results of the sensory evaluation tests are illustrated in Figures 20a and 20b.
There were no statistically significant differences at P > 0.05 in mean scores of
general appearance, overall acceptability, flavor, taste and off-flavor among the
treatment groups. The off-flavor scores were about 4.0 to 4.7. There was a

relationship between flavor and off-flavor scores. The higher the flavor score, the
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(a) Moromi mash mixed with SBH (b) Moromi mash mixed with KojizymeTM
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Figure 18 Color intensity during the primary moromi fermentation. Moromi mash
was prepared by mixing 17 kg of koji with 34 kg of saturated brine
solution. One batch of moromi mash was divided into 2 equal parts and
to one part was added 22 kg SBH (a). To the other batch was added with
80.3g of Kojizyme™ (b). SBH ( ) was added to moromi mash at day 0
(— ), at day 34 (-=-) and at day 49 (—-). Similarly, KojizymeTM( o)
was added to moromi mash at day 0 (— ), at day 34 (~= and at day 49
(~o-). One moromi batch each without any addition was used as the control

for the SBH (—*-) and Kojizyme™ (—o-) experiments.
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CSS, ESS,K,

ESS,H, ESS Hyg

Figure 19 Appearance of soy sauce samples obtained from modified primary
moromi fermentation.
¢ éSl : control soy sauce of primary moromi fermentation
ESSKq . Kojizyme™ added at day 0
ESS|Hy : SBH added at day 0

ESS|Hyo : SBH added at day 49
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lower the off-flavor score. The mean odor scores of samples CSS,, ESS;K,, ESS,Hy
and ESS Hyo decreased in that order. The mean odor scores of CSS, and ESS;K, were
not significantly different while mean scores of ESS;Hy and ESS;Hi were
significantly different from the mean score of CSS, as shown in Figure 20a. From
these result ESS|Ky was the only soy sauce sample that maintained the odor of
traditional soy sauce (CSS). The mean scores of color and saltiness were significantly
different (P < 0.05) among the treatment groups but they were not used for judging
acceptability. The purpose of these two parameters was to determine the reliability of
panelists by judging from the relationship between chemical analysis and sensory
evaluation values for these two parameters. It was found that the higher the NaCl
concentration, the higher the sensory score for saltiness and the higher the absorbency
at 420 nm , the darker the color from sensory evaluation. Thus, the sensory evaluation
scores from this group of panelists appeared to be relatively reliable.

In this group of panelists, there were about 12 factory’s owners who had high
experience in soy sauce sensory evaluation. The experience subjects also could not
detect strong off-flavor characteristic (above 7.5 score which was 50% detectable of
off-flavor) in these soy sauce samples and provided the similar results with those of
general subjects. Therefore, it seem to be that this group of panelists relatively reliable.

From all of sensory evaluation results, it could be concluded that the finished
soy sauce samples which added Kojizyme™ at the beginning of the fermentation
were acceptable and maintained the traditional flavor, aroma and taste of traditional

soy sauce (CSS)).
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5.3 Cost analysis for replacing koji protein with SBH protein in primary
moromi fermentation

From the Table 3 in Materials and Methods section, it was shown that the
preparation of protein enrichment in primary moromi fermentation could reduce the
use of koji about half by replacing another half of protein with SBH which obtained
the same amount of soluble protein content with the control soy sauce, e.g., ESS;Hy
experiment. Therefore, the cost analysis for this experiment was performed. The raw
material, utilities and labor cost for producing 1 kg of koji and SBH was about 10 and
9.5 Baht (see Table 10, page 114), respectively. It was found that the cost for using
22.6 kg SBH (215 Baht) instead of 8.5 kg koji (85 Baht) had higher cost than used koji
about 2.5 times. Thus, the replacement of koji in primary moromi fermentation by
using SBH was not appropriate for further application in of soy sauce production

industrial scale.

6. Protein enrichment of secondary moromi fermentation by addition
of SBH and SBM

A third strategy to enhance the soluble protein content in finished SOy sauce
was carried out by addition of SBH or soybean meal (SBM) into secondary moromi
fermentations. The use of SBM was studied because it was the original raw material
use for SBH production. If it could effectively increase the SOy sauce protein content,
it would be much easier to apply in industry. |

In a secondary moromi fermentation, the starting material is the moromi mash

residue (MMR) from a primary moromi fermentation. SBH or sterilized SBM was

added to MMR in various ratio’s as describe in the Materials and Methods. Brine
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solution was then added at final NaCl concentrations of 22 to 25% and the contents

were fermented for one month.

6.1 Chemical analysis of modified secondary moromi fermentations
6.1.1 Soluble protein from modified secondary moromi
fermentations

The soluble protein content of final soy sauce samples from control SOy

sauce (CSS;), experimental soy sauce with SBH (i.e., ESS,H? and ESS;H') and
experimental soy sauce with SBM ( i.e., ESSzM2 and ESSZM') were about 0.72, 2.17,
1.51, 1.16 and 0.91% (w/v), respectively as shown in Figure 19. It was found that
addition of SBH or SBM could enhance the soluble protein content of finished SOy
sauce when compared with control soy sauce. The soluble protein of final soy sauce of
ESS,H’, ESS,H', ESS;M? and ESS,;M' were about 3.0, 2.1, 1.6 and 1.3 times higher
than those of CSS,, respectively (Figure 21). These results indicated that the soluble
protein increased in proportion to the amount of SBH used. Similar results were

obtained with SBM. Although SBH gave more significant increase than SBM.

6.1.2 Sodium chloride concentration from modified
secondary moromi fermentations
Figure 22 showed that the sodium chloride concentrations in the

jars were not significantly different and fluctuated between 22 to 25 %.
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Figure 21 Soluble protein content of soy sauce samples from secondary moromi
fermehtations. The moromi mash residue (MMR) from a primary
experiment was mixed with 3 times by weight of brine solution
(the secondary moromi mash). SBH and SBM were taken added in
various ratio at the beginning of fermentation and incubated for 26
days. At appropriate time intervals, samples were taken and centrifuged.
The supernatant was assayed for soluble protein content. The symbols
used in the figure are as follows, (—©) CSS, (*) ESS,H?, -+
ESS,H', (*) ESS,M?and (-e-) ESS,M!.
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Figure 22 Sodium chloride concentration of soy sauce samples from secondary
moromi fermentations. The moromi mash residue (MMR) from
primary experiment was mixed with 3 times by weight of brine
solution (the secondary moromi mash). SBH and SBM were then added
in various ratio at the beginning of fermentation and incubated for 26
days. At the appropriate time intervals, samples were taken and
centrifuged. The supernatant was assayed for soluble protein content.
The symbols used in the figure are as follows, (o) CSS, () ESS,H?,
¢e-) ESS,H', (=) ESS,M2and (-e ) ESS,M'. |
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6.1.3 Reducing sugar from modified secondary moromi
fermentations

The level of reducing sugar in the secondary moromi
fermentations was relatively low when compared with primary moromi fermentations.
The results in Figure 23 show that reducing sugar contents were stable throughout the
one month fermentation period, except in ESS;M* where reducing sugar increased by
about | mg/ml during the first 14 days of incubation. At the end of the fermentation
period, the level of reducing sugar could be classified into 3 types. The first type, CSS,
contained the lowest amount of reducing sugar (1 mg/ml). The second type, ESS,H'
and ESS;M' contained about 2 mg/ml, and the third type, E882H2 and ESSzM2
contained about 3 mg/ml. These results indicated that SBH and SBM addition result in
higher amounts of reducing sugars than in CSS,. The results also indicted that ESS,H'
and ESS,M' which started with the same amount of SBM gave the same amount of
reducing sugar. When the amount of SBM was increased the amount of reducing sugar
increased.

6.1.4 pH from modified secondary moromi fermentations

The pH of secondary moromi fermentations were similar to those
at the end of primary moromi fermentations (about 4.8 to 5.0). The pH was relatively
constant with only small fluctuations (Figure 24) excepted in ESS,M samples which
started with pH 5.4 and decreased to 4.9 after one month incubation. At the end of the

incubation period, the pH of all experiments decreased to between 4.6 t0 4.9.



Fac. of Grad. Studies, Mahidol Univ.

M.Sc. (Biotechnology) / 103

4.0 —
35 -
-~
= 30 i Lo
g : — -1 .
=t e
é 25 g $
w 7~ -
on 20—~ _—— ~o
2] | T~
%0 ' }
g 1.5 ¢ — s
S| \\o\“_@\
& 1.0 —0
5
0'0 T T T T T
0 5 10 15 20 25
Time (days)

30

Figure 23 Reducing sugar content of soy sauce samples from secondary moromi

fermentations. The moromi mash residue (MMR) from a primary

experiment was mixed with 3 times by weight of brine solution

( the secondary moromi mash). SBH and SBM were then added in

various ratio at the beginning of fermentation and incubated for 26 days.

At the appropriate time intervals, samples were taken and centrifuged.

The supernatant was assayed for soluble protein content. The symbols

used in the figure are as fbllows, o) CSSz' () ESS,H2, (o)
ESS,H!, (-=) ESS,M?and () ESS,M!.
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Figure 24 The pH profile of soy sauce samples from secondary moromi

fermentations. The moromi mash residue (MMR) from primary

experiment was mixed with 3 times by weight of brine solution (the

secondary moromi mash). SBH and SBM were then added in various

ratio at the beginning of fermentation and incubated for 26 days.

At the appropriate time intervals, samples were taken and centrifuged.

The supernatant was assayed for soluble protein content. The symbols
used in the figure are as follows, (> ) CSS, (4 ) ESS,RHZ, (-9
ESS,RH', (=) ESS,RM?and (~e-) ESS,RM! .
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6.1.5 Color from modified secondary moromi fermentations

The color intensities of samples from secondary moromi
fermentation were relatively constant throughout the one month fermentation period as
shown in Figure 25. The increase in color intensity in CSS,;, ESS;H or ESS,M
appeared to correlate to increased levels of soluble protein. The higher the protein
content the higher the color intensity. Although, both protein and reducing sugar are
involved in browning reactions. The reducing sugar appeared to be less important

here.

6.2 Sensory evaluation of soy sauce samples from secondary moromi
fermentations

The soy sauce samples from secondary moromi fermentation were first
analyzed for chemical properties (Table 8). They subsequently used in sensory
evaluation tests as illustrated in Figure 26. The results of the sensory evaluation tests
are shown in Figures 27a and 27b. The results showed statistically significant
differences (P < 0.05) in mean scores of general appearance, odor, color, overall
acceptability, flavor, taste and saltiness among the treatment groups. The mean scores
of all characteristics except saltiness increased in order in soy sauce samples CSS,,
ESS,M?, ESS;H' and ESS,H2. The soy sauce samples of ESS;M and ESS,H possessed
better flavor, aroma and taste than those of traditional soy sauce (CSS,). ESSzH2
received the highest scores among the treatment groups. There was no statistically
significant difference (P > 0.05) in mean scores of off-flavor amdng the treatment
groups. The mean scores of off-flavor were about 3.0 to 3.5. There was a relationship

between flavor and off-flavor. The higher the flavor score, the lower the off-flavor
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Figure 25 Color intensity of soy sauce samples from secondary moromi
fermentations. The moromi mash residue (MMR) from primary
experiment was mixed with 3 times by weight of brine solution (the
secondary moromi mash). SBH and SBM were then added in various
ratio at the beginning of fermentation and incubated for 26 days.

At the appropriate time intervals, samples were taken and centrifuged.
The supernatant was assayed for soluble protein content. The symbols
used in the figure are as follows, (-o-) CSS, (- ) ESSzH2 o)
ESS,H!, (-=-) ESS,M?and (e ) ESS,M!.
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%

Figure 26 Appearance of soy sauce samples obtained from modified secondary

moromi fermentation.

CSS,  : control soy sauce of secondary moromi fermentation
ESS;M? : MMR 20 kg : autoclaved-SBM 8.8 kg
ESS;H' : MMR 20 kg : SBH 10 kg

ESS;H> : MMR 20 kg : SBH 20 kg
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score in which ESS,H? obtained highest score of flavor and lowest score of off-flavor.
In this sensory evaluation test, experience subjects also provide the similar results with
those of general subjects. Thus, ESS,H' and ESS,H? possessed better characteristics
than CSS, and ESS;M' and it can be concluded that the addition of either SBH or
SBM into a secondary moromi can gave soy sauce with better characteristics (flavor,
aroma and taste) than those of traditional soy sauce. Soy sauce samples derived from

MMR with added SBH at 1:1(w/w) gave the best characteristics.

7. Cost analysis for addition of SBH in soy sauce

If the use of SBH is to be recommended to soy sauce manufacturers as a
possible intervention to increase soluble protein content, one must consider the
economic aspects for such intervention. When SBH was produced in a 56 kg batch, the
be estimated cost of raw materials, utilities and labor for production of one kg of SBH
with 9.6% (w/w) protein was 13.86 Baht (Table 9). From this one kg about 78%
clarified SBH (cSBH) was obtained. Thus, the estimated cost for production of one kg
of ¢SBH with 5.9% (w/v) soluble protein was 17.78 Baht. From this estimation, when
the first grade soy sauce (3% (w/v) protein) with price of 45.5 Baht/L was mixed with
¢SBH (5%(w/v) protein) with the price of 17.78 Baht/kg at the ratio of 1: 0.5, the
resulting product contained 4.0% (w/v) soluble protein and lowered the cost by 9.2
Baht/L. Furthermore, when the first grade soy sauce was mixed with 3% protein of
¢SBH which was diluted from 5.9% protein in the same ratio as mentioned above, the
resulting product contained 3% soluble protein with the cost lowered by 12.1 Baht/L.
From this initial calculation such a high reduction in cost for producing first grade S0y

sauce, the attempt was made to analyze cost of production plant for producing SBH
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Table 9 Cost estimation for production of SBH

1. Cost of raw material
Soybean meal 12.5 kg @ 11 Baht/kg
Kojizyme™  106.3 g @ 4.4 Baht/g
Sub-total
2. Utilities
Electricity”: 22.8 units @ 0.9 Baht/unit
Water : 0.04 m* @ 9 Baht/m’
Sub-total
3. Labor cost
One person at 150 Baht/ day
Total

Results / 112

Baht

Unit cost” Subtotal Total

137.50
467.72
605.22
20.52
0.36
20.88
150.00

* Electricity required for the operation of kettle and water bath

® Unit cost per 56 kg of SBH

® This cost is for production of 56 kg of SBH. Therefore, it is about 13.86 Baht/kg.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biotechnology) / 113

and cSBH. It was assumed that this plant was an additional unit in an existing soy
sauce factory, and only a few new machines for production of SBH and c¢cSBH was
required in addition to the existing ones such as retort and boiler. The production
capacity for producing SBH was assumed to be about one ton per day. With the
addition of a 2 ton capacity double jacket kettle, the cost for producing one kg of SBH
or one kg of cSBH was about 9.5 (Table 10) or 13.52 Baht (Table 11), respectively.
Thus, in order to produce 4.0% protein soy sauce, the cost of production was about
34.84 Baht/L which was mush less than the present value of 45.5 Baht/L. To produce
3% protein modified soy sauce, the cost of production was about 32.63 Baht/L which
was 12.87 Baht/L less than the present production cost. Therefore, it appeared that the
addition of cSBH into finish soy sauce might be a possible practice for soy sauce
manufacturer in order to increase soluble protein content in soy sauce product to lower
production cost.

If SBH were used to supplement secondary moromi fermentation, the cost for
one kg of SBH was about 9.5 Baht. This SBH was to be mixed with moromi mash
residue from primary cycle moromi fermentation at the ratio of 1:1 (20 kg /20 kg). The
soy sauce sample from modified secondary cycle moromi fermentation contained
2.0% soluble protein which was about three times higher than that of unmodified
secondary moromi (0.7% soluble protein). For mixing raw soy sauce of 5% soluble
protein soy sauce with soy sauce from secondary moromi fermentation in order to
yield 3% soluble protein soy sauce product. It was found that the ratio of 5% SOy
sauce to modified soy sauce from secondary cycle moromi fermentation’s SOy sauce
was 35:65 or 1:1.8 while in unmodified soy sauce from secondary moromi

fermentation was 55:45 or 1:0.8. Therefore, it could reduce amount of 5% SOy sauce



Wanida Saejung Results / 114

Table 10 Economic analysis for production of SBH

Variable cost Fixed cost
(Baht) (Baht)
1) Raw materials 2,944,500
2) Labor cost
- Salary 52,000
- Wage 117,000
3) Utilities
- Electricity 44,928
- Water 42,000
- Fuel 130,000
4) Maintenance
- Equipment 6,000
- Building 1,000
5) Depreciation
- Equipment 34,900
- Building 4,266
Total cost 3,240,628 98,166

Total cost for production of SBH per year = 3,338,794 Baht
The production of 1.35 ton of SBH / day x 260 days = 351 tons / year
The cost of production per year = 3,338,794 Baht for 351 tons
Therefore, the production cost per ton = 9,512.2 Baht

The production cost per kg = 9.5 Baht
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Table 11 Economic analysis for production of cSBH

Variable cost | Fixed cost
(Baht) (Baht)
1) Raw materials 2,944,500
2) Labor cost
- Salary 52,000
- Wage 156,000
3) Utilities
- Electricity 80,496
- Water 42,000
- Fuel 130,000
4) Maintenance
. Equipment 9,000
- Building 1,000
5) Depreciation
- Equipment 134,900
- Building 4,266
Total cost 3,315,196 201,166

Total cost for production of clarified SBH per year = 3,516,362 Baht

The production of 1 ton of cSBH / day x 260 days =260 tons / year

The cost of production per year = 3,516,362 Baht for 260 tons

Therefore, the production cost per ton = 13,524.5 Baht
The production cost per kg = 13.52 Baht
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used by as high as 200 ml/L. If the price of 5% raw soy sauce was 10 Baht/L, it could
reduce cosf by 2 Baht/L in mixing with modified secondary moromi fermentation soy
sauce product to obtain 3% soy sauce product. It appeared that the addition of SBH
into secondary moromi fermentation could enhance soluble protein content about three
times of that in unmodified soy sauce and also reduce cost of producing 3% soy sauce
sample when mixed with 5% raw soy sauce about 2 Baht/L. Therefore, the addition of
SBH into the secondary moromi fermentation should be an appropriate strategy for
soy sauce manufacturer to use for increase soluble protein content and it could also

lead to reduction in production cost as well.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biotechnology)/ 117

CHAPTER V

DISCUSSION

In Thailand, soy sauce is widely used as flavor enhancer. The major
characteristic that used for classifying soy sauce product is the protein content (13).
Production of good quality soy sauce usually requires a lengthy period of incubation
during the moromi fermentation. Good quality soy sauce usually contains a high level
of protein and has a very rich flavor and aroma. This study was initjated to examine
the possibility of enhancing the protein content in soy sauce through supplementation
with SBH.

Several approaches (10, 77, 78) have been used to increase the protein
content in soy sauce. One approach was the selection of koji mold strains that
produced high amounts of proteolytic enzymes (10). Another approach was to use
high protease producing halophilic bacteria in the moromi fermentation (77).
Muramatsu ef al. (78) also studied the selection of seed koji to obtaining hydroysates
of high total-nitrogen content in a high-temperature autodigestion of soy sauce koji.
They found that koji made by soy sauceli(oji seeds showed relatively high protease
activities, but there was no substantial increase in the total nitrogen content of the
hydrolysate.

In this study, we investigated the enhancement of protein content in SOy sauce
product by using SBH. Protein hydrolysate from SBM was carried out by using

Kojizyme™ which is a commercial enzyme from Novo, Nordisk, Denmark.
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Kojizyme™ is an exo-peptidase and endo-protease complex produced by fermentation
of selected strains of Aspergillus and Bacillus. It is used in soy sauce fermentation for
boosting the enzymatic degradation of raw materials (72). The method used for
enriching protein content in soy sauce by addition of SBH into soy sauce might be
more acceptable than other methods of enrichment. Other possible methods use for
enrichment of protein in food products included the use of hydrolyzed vegetable
protein (HPV) produced by acid hydrolysis of SBM. However, the use of HPV has
not been popular among consumers who prefer to consume the natural process
seasoning. Therefore, the protein enrichment in soy sauce with enzymatically
produced SBH which produced by a natural process should be more acceptable to

consumers.

1. Determination of optimal conditions for hydrolysis of SBM

In the preparation of SBM before hydrolyzing, the ground SBM was mixed
with equal part (by weight) of water and autoclaved at 121°C for 15 min. The purpose
was to denature the protein (28) and make it easily digested by the enzymes. In this
study, the pH of the reaction mixture was not controlled because we wished to avoid
the addition of any chemical substances such as NaOH or HCl to the product. The pH
of the clarified hydrolysates in all experiments were about the same, ranging between
6.0 to 6.4 at the beginning of the hydrolysis and decreasing to about 5.0 to 5.3 at the
12" hr of hydrolysis. In hydrolysis of SBM by agarose-entrapped. Bacillus subtilis
cells which contained high protease, Khare et al. reported that the optimal pH for
hydrolysis was between 7.0 to 7.5 at 55°C (79). Zhange et al.(34) also found that the

optimal pH for hydrolysis of soybean protein by proteases from 4. oryzae was at 7.0 at
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35°C. In this study, the total solid content of reaction mixture at lower than 17% and
higher than 22% also investigated (data not showed). It was found that at a total solid
content lower than 17%, the mixture was too watery and too dilute for proper reaction.
At a total solid content higher than 22%, the mixture was too viscose, so that the
mixture could not mix well and homogeneously. Therefore, only 17 and 22% total
solid content were investigated in this study.

In this study, it was found that the optimal conditions for hydrolysis of SBM
were obtained when Kojizyme™ was used at 2% of SBM protein with a total solid
content in the reaction mixture of 22%. The hydrolysis was carried out at 50°C for 12
hr giving a hydrolysate with 8.4% soluble protein and 62.8% degree of solubilizationn
with 23.3% increased in degree of solubilization from the beginning of hydrolysis.
This corresponded to the results reported by Martin and Porter (45). They reported that
Alcalase® 2.4L a commercial enzyme produced from B. licheniformis (64) had the
optimal temperature for hydrolysation of fish protein at 50°C. Olsen and Alder-Nissen
(80) also found that the optimal condition of Alcalase® 0.6L for production of iso-
electric soluble enzymatic hydrolysate of soya protein was 50 to 55°C and pH of 8 for
3 hr. In the continuous production of soy sauce in a bioreactor, Hamada et al. (81)
hydrolyzed koji using proteases from continuous submerged koji mold culture at 40 to
50°C for 3 days. In the hydrolysis of soybean protein for lemon juice beverage,
Dugimoto et al. (28) found that soybean protein hydrolyzed at 50°C for 8 to 10 hr gave
solubilized nitrogen recovery of 88 to 90%. Ketsumpan (76) | reported that the
maximum degree of solubilization of SBM by 4. oryzae protease was obtained upon

hydrolysis at pH 10 and 50°C for 24 hr. Muramutsu et al. (78) also reported the
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autodigestion of koji at 55°C for 48 hr. From all previous reports on either protease
enzymes or soybean protein, the optimum temperature for hydrolysis was between 50

to 55°C but hydrolysis time varied widely.

2. Pattern of soluble protein content, pH and bacterial contamination during
the hydrolysis of SBM

In the hydrolysis of SBM, it was found that the soluble protein content of
hydrolysate product decreased after reaching a maximum level at 8 to 12 hr of
hydrolysis. Therefore, an investigation was made to clarify this matter.

The results showed that the soluble protein content and bacterial contamination
increased in the same pattern from the 12™ hr. After that, the protein decreased, while
the bacterial contamination continued to increase until the end of the hydrolysis period
at 16 hr. The reduction in soluble protein probably resulted from bacterial growth.
Subsequent reduction in bacterial contamination, it might have been due to the high
acidity of the hydrolysate mixture. There is one previous report about inhibition of
bacterial contamination in the process of yeast autolysis (82). Barrette et al. found
that the growth of bacterial contamination decreased significantly when the pH was
adjusted to 4.0. Therefore, it might be possible that low pH (high acidity) could inhibit
the growth of bacterial cells. Although the hydrolysis of SBM at low pH might inhibit
bacterial growth, low pH might not be suitable for SBH addition to the moromi mash,
since the low pH might interfere with enzyme reactions. Furthermore, if SBH at pH 4
was added to the moromi mash, it might affect the function of protease and amylase
enzymes activity and the growth of halo tolerant lactic acid bacteria and yeast.

Therefore, if low pH were used to solve the bacterial contamination problem, it would
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be necessary to study the effect on protease and amylase activities and the growth of
microbe in the moromi fermentation.

This result also shown that there was very serious bacterial contamination in
the SBH product (1.5x10* CFU/ml) after 12 hr of hydrolysis. This might have been
due to some bacterial contamination originated from Kojizyme™ which contained
about 5x10%/g of total viable count (72). In this reaction Kojizyme™ was used at 1%
of SBM (2% of 50% protein in SBM). Therefore, it was about 10%/g of bacterial cells -
in the mixture as the starting culture aﬁd combined with some bacterial contamination
from SBH and water, resulted in very high degree of bacterial contamination in the
SBH product.

In order to reduce the degree of bacterial contamination in this study, the only
possible approach was to reduce the chance of contamination by sterilizing equipment
and raw materials used for hydrolysis as much as possible. Since the hydrolysis
reaction was performed in an open system, it would be very important that the entire
process for hydrolysis be carried out in the most hygienic way possible.

Another approach might be use for reduce degree of bacterial contamination
was the addition of NaCl to the hydrolysation mixture. From the data of Kojizyme™
(72), it was shown that at 5% NaCl, Kojizyme™ still have a relatively high enzyme
activity about 80%. Therefore, hydrolysation of SBM by adding 5% NaCl to it might
be possible to inhibit some bacterial contamination and not interfere to the hydrolysate

properties, and also could prolong shelf life of hydorlysate product. -
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3. Large scale production of SBH

For the large scale production of soybean hydrolysate, the optimal conditions
determined on the laboratory scale were used. The raw material (SBM) was increased
from 1 kg to 12.5 kg. The supernatant fractions from both processes were assayed for
soluble protein content and pH and the analytical data from the large scale hydrolysis
and the laboratory scale hydrolysis were compared.

The degree of solubilization in laboratory scale hydrolysis were about 53 to
70% in which the degree of solubilization of the reaction that hydrolyzed under
condition of Kojizyme™ 2% of SBM protein, 22% total solid content, at 50°C for 12
hr was about 63%. The degree of solubilization in large scale hydrolysis with the
condition that mention above was about 49% which lower than in laboratory scale
about 14%. The lower yield in large scale hydrolysis than in laboratory scale
hydrolysis might be due to a large volume of reaction mixture was added into the
kettle and resulted in the vortex flow of the mixture. The others reason which might
cause low yield of hydrolysis was the fluctuation of temperature in the kettle which
might lead to the low efficiency of enzyme activity.

The supernatant fractions of laboratory scale and large scale soybean
hydrolysate products had similar pH profiles (6.4 and 6.3 at the beginning and
decreasing to 5.3 and 5.2 at the 12" hr of hydrolysis, respectively).

In future studies, attempts should be made to improve the degree of
solubilization in the large scale SBH production through the use of better reaction
dééign to allow for more complete mixing such as air bubble mixing instead of

propeller and better temperature and pH control throughout the hydrolysis period.
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4. Enhancement of soluble protein by addition of cSBH
This study showed that cSBH could not significantly enhance the soluble

protein content in finished traditional soy sauce. The supplementation of cSBH
increase the soluble protein content only about 0.43% when the cSBH was added to
soy sauce in the ratio of soy sauce to ¢cSBH 1:0.5. This ratio was the only one that
provided acceptable product in terms of sensory evaluation tests when compared with
traditional soy sauce. Although this strategy did not allowed for mixing large volumes
of ¢SBH to produce high levels of soluble protein, it could lead to substantial
reduction in production cost (see No. 7 of this section).

In the sensory evaluation of soy sauce products, it was shown that increasing
the ratio of added cSBH increased the off-flavor score. It has been well documented
that soya protein hydrolysate forms the bitter peptides and releases off-flavors (80).

This off-flavor might come from components having a beany taste.

5. Protein enrichment in primary cycle moromi fermentation by addition of
SBH or Kojizyme™

Chausa-ngavej et al. (77) indicated that total soluble protein in soy sauce
fermentation broth increased steadily during the first two weeks of fermentation and
then stabilized thereafter. When Kojizyme™ was added to accelerate the digestion of
soy protein, it did not lead to substantial increases in protein content. This might have
been due to the relatively high soluble protein content in the control sample which was
about 9% when compared with Chansa-ngavej et al.’s (77) report which was about
7%. In addition, SBH also could not enhance soluble protein content in soy sauce

product. This might have been due to the addition of SBH to primary moromi mash
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was only to replace a half of protein content instead of koji which used in ordinary.
Therefore, it did not surprise that SBH could not enhance soluble protein content in
soy sauce product. Thus, it might call the addition of SBH to primary moromi
fermentation as protein replacement instead of protein enrichment.

The sodium chloride concentration of the moromi mash was controlled in the
range of 24 to 27% (w/v). Better control was difficult due to poor mixing. The NaCl
concentrations in the experimental fermentations were relatively high when compared
with commonly reported values of 18 to 22% (10). Therefore the Kojizyme™ which
functions well at low NaCl concentrations (not over than 20%) may not have
functioned properly at such high NaCl concentrations.

| In this study, reducing sugar increased rapidly during the first week and then
remained rather stable with small fluctuations. These results are similar to those of
Maungma (83), However, they are contrary to the theory that after the reducing sugar
reaches a maximum level, the lactobacilli and yeasts will use the sugar as the substrate
for producing lactic acid and ethanol for their respective fermentations (84). Perhaps
there was such an exceptionally high reducing sugar amount (about 25 to 28 mg/ml)
that there was only slight reduction.

There was a relationship between protein content, reducing sugar and brown
color of soy sauce samples. The Millard reaction or non-enzymatic browning provided
the brown color to the soy sauce product. The Millard reaction is a reaction between
amino groups and reducing compounds. In food products, the amino acids are
predominantly free amino acids or small peptides and reducing compounds are
primarily reducing sugars (85). Therefore, when protein and reducing sugar contents

increase, the color intensity of the soy sauce also increase.
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In the first week of fermentation, the protein and reducing sugar contents
increased rapidly, resulted in a sharp increase in color intensity. After that reducing
sugar content stabilized but protein content still increased, so that color intensity
increased gradually. In moromi samples with added SBH, the protein content and
reducing sugar content were lower than those of the control. Therefore, it resulted in
lower color intensity for the modified soy sauce samples.

[n this study, the pH decreased from 5.8 in the beginning of fermentation and
decreased to 4.8 by the 50" day of fermentation, after which it increased slightly. This
result corresponded to the study of Muramatsu ef al. (85). They found that the pH of
moromi mash was about 5.8 at the beginning, decreased to 4.8 by the 60" day of
fermentation and then stabilized throughout the fermentation. Lactic acid content
increased from 0 at the beginning to 1 g/dl by the 60" day. The pH of moromi with
added SBH was lower than that of the control and that with Kojizyme™ added
because the pH of SBH itself was relatively low at 5.2. Therefore, after SBH was
added into the moromi mash, the pH decreased significantly.

In the preparation of soy sauce samples for sensory evaluation, the moromi
mash was filtered and centrifuged to obtained a clear supernatant of raw soy sauce.
Then, the raw soy sauce was heated to 100°C for 15 min for pasteurization. The
pasteurization step is known to be very important for soy sauce production. There are
many reasons for this. such as, improvement of flavor and aroma characteristics,
development of a reddish brown color, improvement in clarity by precipitation of heat-
coagulable substances, inactivation of most enzymes and inactivation of any
undesirable microorganisms (1, 5, 7). Subsequently, the soy sauce was cooled and

stored at 4°C until further used. In our experiments, preservative such as sodium
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benzoate was not added including flavor enhancers such as sodium glutamate was not
added since this might have affected the original taste and lead to errors in the sensory
¢valuati0n scores.

The sensory evaluation of soy sauce samples in this study revealed that
addition of SBH to the moromi mash caused lower scores for odor, flavor and taste
and higher scores for off-flavor when compared to the traditional soy sauce. This
indicated that modified soy sauce was less preferable than traditional soy sauce. While
in Kojizyme'™ added to soy sauce maintained the same characteristics as traditional
soy sauce neither it nor SBH could enhance the soluble protein content in soy sauce
samples when added to a primary moromi fermentation. This might be due to that fact
that there was a relatively high soluble protein content (about 9%) in the unmodified
sample. Such a high protein content is not found in typical soy sauce production
processes. Perhaps, the high protein content resulted from the use of a relatively low
amount of water in the moromi mash in these experiments.

From the cost analysis of this experiment, protein from SBH was added to
replace half of protein content which ordinary came from koji and resulted in higher
cost than original koji use. Therefore, the addition of SBH could not provide beneficial
effect to the soy sauce product both in protein content and economic aspect. Thus
addition of SBH was not suitable for supplementing soluble protein content in soy
sauce product because amount of SBH added was about the same with protein content

in koji which original use.
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6. Protein enrichment of secondary moromi fermentations by addition of
SBH or SBM

Repeated moromi fermentations after first grade soy sauce removal is
commonly practiced by most soy sauce manufacturers (5). Thus SBH and SBM
additions were tested for enhancement of the soluble protein content.

Results from this study showed that SBH and SBM could enhance the soluble
protein of soy sauce samples significantly by about 1.3 to 3.0 times when compared to
control sample. The higher amount of SBH and SBM, the higher protein content was
obtained. The ratio of MMR to SBH of 1:1 rendered the highest protein content of
about 2.17% which was about three times higher than that of the control sample.

Reducing sugar concentrations in secondary moromi mash were relatively low
at the level of about 1 to 3 mg/ml when compared with those of primary moromi
fermentation which were about 25 to 28 mg/ml. The low reducing sugar content
together with the low soluble protein content (about 0.7 to 2.2%) resulted in the low
browning reaction which provided the color to the soy sauce. Therefore in such a low
amount of these parameter, the addition of SBH or SBM into the secondary cycle
moromi fermentation could provide the significant increase of these values when
compared with that of the control sample.

The amount of soluble protein, reducing sugar and intensity of brown color of
all experiments were stabilized with slight fluctuation through one month incubation.
This probably resulted from very little enzymatic degradation of protein or starch in
the secondary moromi fermentation.

The finished soy sauce from the secondary moromi fermentation was heated at

100°C for 20 min, which was about 5 min longer than for first grade soy sauce. The
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longer time of heating should provide for a darker reddish brown color. Because the
color of this soy sauce was very pale, one might like to increase the color intensity in
order to obtain a better characteristic soy sauce color.

The sensory evaluation of soy sauce products of this experiment revealed that
the addition of SBH and SBM provided better characteristics than those of control soy
sauce. Higher scores were obtained for flavor, taste and aroma and lower scores for
off-flavor in which the soy sauce samples with the ratio of MMR: SBH at 1:1 (w/w)
produced the best result. It also provided the highest soluble protein content.

The addition of ¢cSBH to finish soy sauce and SBH to soy sauce production
seen like add some more ingredient other than soybean, wheat/rice flour, salt and
water to the soy sauce production. However, the regulation of soy sauce product from
Thai Industrial Standards (13) indicated that soy sauce product could have some
ingredient other than soybean, wheat/rice flour, salt and water that is hydrolyzed plant
protein. The announcement of Ministry of Public Health (86) also indicated that
seasoning sauce product which resulted from protein digestion of soybean could be
process by digestion of soybean protein either by fermentation or other appropriate
processes. Therefore, the addition of ¢SBH and SBH to soy sauce production should
not have any problem of breaking the regulation of soy sauce production. Thus, the
addition of ¢cSBH and SBH to soy sauce production could be use for enhancing soluble

protein content in soy sauce product.
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7. Cost analysis for addition of SBH into soy sauce

For estimating the possibility and beneficial effect for adding SBH into soy
sauce production, the calculation for production of SBH and ¢SBH in large scale (56
kg) and industrial scale (1 ton per day) was performed. It was found that the cost for
production of one kg of SBH and ¢SBH at industrial scale level were lower than those
of large scale level by about 4.36 and 4.26 Baht/kg, respectively. This reduction
should be due to the cheaper price of Kojizyme™ when bought in the large quantities.
The labor cost also contributed to the lower cost in the estimation cost for industrial
scale production. When ¢SBH (5.9% protein)was used to mix with first grade soy
sauce (3% protein) in the ratio of soy sauce to ¢SBH at 1:0.5, it could reduce the cost
by 10.66 Baht/L. Furthermore this modified soy sauce contained a higher soluble
prtoein content of 4.0%. Also, if cSBH was diluted to 3% protein and mixed with 3%
soy sauce in the ratio of 1:2, it could reduce the cost by 12.87 Baht/L. Therefore, the
addition of cSBH into soy sauce would be highly cost effective.

Attempts were also made to calculate the cost of using SBH in secondary
moromi fermentations. When modified soy sauce from a secondary moromi
fermentation containing 2% soluble protein was mixed with 5% raw soy sauce to
produce a 3% soy sauce product, it could reduce the use of 5% raw soy sauce by 200
ml per one liter of product. The production cost for modified soy sauce could reduced
by 2 Baht/L if the price of 5% raw soy sauce was about 10 Baht/L. From this result, it
appeared that modified soy sauce from secondary moromi fermentation could be
beneficial both for production of higher protein content sauce (about 3 times of that in
unmodified soy sauce) and for reduction of production cost. Therefore, addition of

SBH to secondary moromi fermentation should be the most effective.
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CHAPTER VI
CONCLUSION

The objective of this study was to enhance soluble protein content in
traditional fermented soy sauce by using enzyme digested SBM. The first part of this
study involved with production of SBH. The conditions used for hydrolysis were
carried out by using Kojizyme™ at 2% based on SBM protein with total solid content
of 22%. The SBM was hydrolyzed at 50°C for 12 hr. Using these conditions in
laboratory scale hydrolysis, the hydrolysate product contained 8.4% soluble protein
with 62% for degree of solubilization. These conditions were also used for large scale
production of SBH. The hydrolysate product from large scale production contained
5.9% soluble protein with 49% for degree of solubilization .

The second part of this study involved with supplementation of SBH in soy
sauce product. There were three approaches employed to increase the amount of
protein in soy sauce through the addition of SBH. In the first approach, cSBH was
added into the finish soy sauce by using the ratio’s of SS: ¢SBH at 1:0.5, 1:1.0 and
1:1.5. Tt was found that this approach could enhance the soluble protein content in soy
sauce but it also lead to development of unpleasant characteristic if too much ¢SBH
was used in the mixture. The only acceptable ratio of SS: ¢SBH which did not produce
unpleasant characteristics was at the level of 1:0.5. In the second.approach, SBH or
Kojizyme™ was added into the primary moromi fermentation at various stages of
incubation. Chemical analysis of the modified soy sauce products indicated that

neither SBH nor Kojizyme™ could enhance the soluble protein content. Moreover,
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judging from the sensory evaluation test, addition of SBH into the primary moromi
fermentation rendered the modified soy sauce products to be less preferable in odor

™ at the

and off-flavor. The soy sauce sample which was added with Kojizyme
beginning of fermentation could maintain traditional odor, flavor, aroma and taste of
soy sauce, but this process did not lead to any enhancement of soluble protein content.
The third approach was undertaken by adding SBH or SBM into the secondary
moromi fermentation at the beginning of fermentation. The results showed that both
SBH and SBM could enhance soluble protein content significantly. The most
acceptable product was a modified soy sauce sample obtained from secondary moromi
fermentation which was added with SBH at the ratio of MMR: SBH at 1:1. The
addition of SBH lead to the increase in soluble protein content about 3 times over that
in control soy sauce sample. SBH and SBH also enhanced reducing sugar content and
color intensity of the soy sauce product and rendered better characteristics such as
higher scores of general appearance, odor, flavor and taste lower scores of off-flavor
when compared with those of control soy sauce sample at the probability level of P>
0.05. Therefore. the addition of SBH into the secondary moromi fermentation
appeared to be a potentially viable method to be used for enhancement of soluble
protein content in soy sauce.

The cost for large scale production of 56 kg of SBH was about 13.86 Baht per
kg which provided SBH product of 9.6% (w/w) protein content. This one kg SBH
could provide 78% c¢SBH with 5.9% (w/v) soluble protein and cost about 17.78 Baht
per kg. The estimation for industrial scale production also was performed. For one ton

per day production capacity, the cost for producing SBH and ¢SBH was about 9.5 and

13.52 Baht/kg . respectively. The cSBH was used for mixing with first grade soy sauce
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which contained 3% soluble protein with the price of 45.5 Baht/L. Such mixture could
lower the cost by 10.66 Baht/L with the increasing soluble protein content from 3% to
4.0%. The price of the mixture could be lowered by 12.87 Baht/L for production of
mixed soy sauce with 3% soluble protein. The cost for production of soy sauce using
modified secondary cycle moromi fermentation was also found to be lowered than the
non modified soy sauce. When the SBH which cost about 9.5 Baht/kg was added into
secondary cycle moromi fermentation, it could produce soy sauce with 2% soluble
protein which was about three folds higher than the typical one. When the modified
and unmodified soy sauce were mixed with 5% soluble protein raw soy sauce to
produce 3% soy sauce, it was found that the use of 5% raw soy sauce could be lowered
by as much as 200 ml/L. Thus, the modified soy sauce could lead to substantial saving
for the manufacture.

Therefore. it appeared that SBH could be used for supplementing into soy
sauce for enhancing soluble protein content in the final product as well as for
reduction in the cost of production.

There is a serious problem of bacterial contamination during the
hydrolysation of SBM. Therefore, further study might be perform to reduce the degree
of bacterial contamination. Another problem is lower degree of solubilization in large
scale than in laboratory scale production. The better condition for hydrolysis should be
investigate for degree of solubiliation and more concentrate of SBH product for more
effective application in soy sauce production. Finally, the strategy for enhancing of
soluble protein content in soy sauce by addition of SBH to secondary moromi
fermentation could introduce to soy sauce factory for improving the protein content in

their soy sauce product.
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APPENDIX A

1. Mercuric nitrate solution, 0.2 M Hg(NO3),
The solution of mercuric nitrate was performed by dissolving 68 g Hg(NOs)in
800 ml distilled water which containing 20 mi of 2 M HNO; and added more water to

make 100 ml of solution. The mercuric nitrate solution was standardized with standard

salt solution of 0.1 N NaCl.

2. Color indicator

0.1 % Diphenylcarbazone was performed by dissolving 0.1 g of
diphenylcarbazone in 100 ml of 95% ethanol and stored in a dark bottle.

Mixed indicator was performed by dissolving 0.1 g each of Bromocresol

green and Methyl red in 100 ml of 95% ethanol and stored in dark bottle.

3. Dinitrosalicylic acid (DNS) solution

The DNS solution was performed by dissolving 2.5 g of 3,5 Dinitrosalicylic
acid in 50 ml of 2 N NaOH. Then 75 g of sodium potassium tartate (Rochelle salt) was
added into the solution, stirred until well dissolve and added more water to make final

volume of 250 ml. The solution was stored at room temperature in dark bottle.
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APPENDIX D

Survey of consumers attitude toward traditional soy sauce and new soy sauce

product

To verify the attitude of consumers toward soy sauce product, the survey of
consumer attitude toward soy sauce product either in traditional soy sauce or new soy
sauce product was performed. The questionnaires that used in this survey was shown
in Appendix B. The questions asked consumer in several aspect about soy sauce
product. The results of this survey were described below.

1. Personal information

In this surveying, about 100 subjects were asked to answer the
questionnaires. Among these 100 subjects, 68 % are females and 32 % are males.
Most of them (66 %) were between 20 to 25 years old, 21% were more than 30 years
old, 9 % were between 26 to 30 years old and 4 % were less than 20 years old. About
71% of the subjects were students, 12 % were soy sauce factory owners, 9 % were
university employees and 8 % were researchers. About 51% had bachelor degree
qualifications, 36 % had educational qualifications higher than bachelor degree and 13

% had educational qualifications lower than bachelor degree. (Figure 28).
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1. Sex

2. Age

3. Occupation

Factory

OWRET  gcientists
Officers 12% 8%

4. Educational background

Below
undergradute
11%

} Undergraduate
51%

Figure 28 Personal information of the consumers that were asked for their

attitude towards soy sauce and new soy sauce product
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2. Attitude toward traditional soy sauce product
The majority of the subjects (97 %) knew soy sauce product (Figure 29).

When the subjects were asked the question to test for thé real understanding about soy
sauce, it was found that about 81 % of the subjects though that the soy sauce formula 1
was better than formula 2. About 6 % of the subjects though that soy sauce formula 2
was ‘better than formula 1 and about 13 % were not known that either formula 1 or
formula 2 will be better. Among these subjects, most of them (95 %) liked to consume
soy sauce. There were about 5 % did not like to consume soy sauce. Among the
subjects that liked to consume soy sauce, 37 % of them consumed soy sauce more
than 5 times per week, 28 % consumed soy sauce between 3 to 5 times per week, 24 %
consumed soy sauce between 1 to 2 times per week and 11 % consumed soy sauce less
than 1 time per week. About 56 % of the subjects used soy sauce as seasoning and 44
% as dipping sauce. When they used soy sauce as seasoning, they added soy sauce in
the cooking processes of soup (27 %), rice porridge (26 %), marinated with meat (24
%) and stir fried (23 %). In dipping sauce, they used soy sauce to dip with boiled meat
(72 %) and deep fried meat (28 %).

There were several brand names of soy sauce products in the markets. The
subjects consumed Yan Wal Yun (34 %), Nguan Chiang (30 %), Golden mountain
(18 %), Cha Lak Tong (6 %) and others (12 %). About 73 % of the subjects could
accept the price of soy sauce formula 1 which had volume about 720 cc and price
about 30-45 Baht. There were several factors that should be consider when choosing to
purchase soy sauce products. The subjects though that we should consider about flavor
(30 %), general appearance (color, clearness)(21 %), price (20 %), nutritional value

(18 %) and brand name (11 %). They also encountered with some problems when they
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5. Do you know soy sauce

Not know
3%

Know
97%

6. Do you know beteween formula 1 and 2 soy sauce,
which formula have the better quality?

Not know
13%

Formula 2
6%

Formula 1
81%

7. Do you like to consume soy sauce

Dislike
5%

Like
95%

How often to consume soy sauce?

Lessthan 1

tim
© More than 5

Figure 29 Consumer attitude towards knowing and consumption of

SOy sauce
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8. Which purpose do you use soy sauce for?

Dipping

b 44%

Seasoning§
56%

9. Which cooking process that you will add soy sauce for

seasoning purpose? .
Marinated
with meat Stir fried

24% 23%

porridge 27%
26%

10. Which kind of food that you will dip with soy sauce?
Deep fried

meat
28%

2%

Figure 29 (continue)
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11. Which brand name of soy sauce that you usually use?

Cha lak Olt;;rs Yan Wal
tong ° Yun
Golden
mountain
18%

12. Can you accept the price of 30-45 Baht of soy sauce
formula 1 at volume of 720 cc?

Not Accept
27%

Accept
73%

13. Which factor that you consider for purchasing of soy sauce?

Nutrient Appearance

14. Which problem that you encounter when you consume

soy sauce?
No problem A ance
10% 20%
Sediment at °
buttom '
25%

Color Taste
14% 31%

Figure 29 (contmnue)
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consumed soy sauce. These problems comprised of off-taste (31 %), sediments at the
bottom of the bottle (25 %), off-flavor (20 %), abnormal color (14 %) and about 10 %

did not find any problem (Figure 29).

3. Attitude toward new soy sauce product
About 90 % of the subjects were interested in new soy sauce products
that should be add some nutrient such as protein or minerals and would like to try it.
Only 1 % did not try it. The rest 9 % were uncertain. The major factors that the
subjects considered to purchase new soy sauce product were taste (51 %), its
beneficial components such as protein or minerals (36 %) and price (13 %). About 53
% of the subjects though that the price of new product should be equal to the price of
original product. About 31 % state that it should be more expensive than that of
original soy sauce and about 16 % though that the price of new product should be
cheaper than that of original product. In the group of subjects that state about the price
of new product should be more expensive than that of the original product, 84 % of

them could accept this higher price, the rest (16 %) could not accept as shown in

Figure 30
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15. If there is new soy sauce prodcut eg. added protein or
mineral, do you try it?

Not sure

9%
Not try

1%

Try
90%

16. If you would like to buy new soy sauce product,
which factor that you will concern?

Compositio Price
n
36%

Taste
51%

17. What do you think about the price of new soy sauce product
when compare with the price of original soy sauce product?

More Cheaper
expensive 16%
31%

53%

Figure 30 Consumer attitude towards consumption of new soy sauce
product
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