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(j I . Abstract o
Canola meal was prehydrolyzed with Alcalase 0.6Lé a
proteolytic enzyme, in order to expedlte SUbéequent: sauce
fermentation. Cond1t1ons employed for the hydrolys1s were
optimiied by meahs of response surface’methodology and were
found to be: temperature 69 C, pH 9, enzyme-sﬁbétrate ratie
0.31 (v/w), meal-solvent ratio 1 5 (w/v), and reaction time
2 hs The hydrolyzate %as then subjected to k031 preparatlon
with two different mold cultures, viz., Aspergillus oryzae
and Aspeﬁgillus sojae. Subseéuently, momomi was prepareé by
mixing 18% brine solution with the koji, and was left to
"ferment for 5 weeke; 5
‘The canola’sauce produced was then analy%ea for total
nitrogeh (TSN), amino nitrogen (ANl, aming acids, total.
"titratable acidity (TTA), organie acids, reducing sugars,
tptal sugars, salt and color. The results were: 1.12-1.34%
(w/w) TSN, 0.66-0.80% (w/v) AN., 16.65-2§l95 mg/100 mL TTA,
7.43-9.67% (w/v) reducing sugars, 8.69-15}3§% (w/v) total
sugars, 18.72-20.37% (ﬁ/v) salt. These results were Quite
cgmparable to those in Kikkoman shoyu, a Japanese soy sauce
All 16 amlnqlacids found in canola sauce appeared to, be
slightly lower in concentration than those found in
Commercial soy sauce. Among the two most: importént; amino
acids, concentration o{\ glutamic acid in canola/;auce was
: 51.8-8?.8 mMoles/mL as comm;;ea\to 86.6 mMoles/mL in the

commercial sauce, while that of aspartic acid was 24.2-39.5

" mMoles/mL versus 65.7 mMoles/mL.



Nine organic acids were identifieé, Concentrations of
most  of the acids - in canola sahce were huite'similar to
those in commercial sauce, except lactic and propioﬂic acids
which were significan;ly lower in canola sauce. This was
attributed to the deficiéncy in lacfic acid fermentation in
the .moromi stage. Levulinic acid, éommoniy found in chemical
soy sauce ;nd résponsible for the undesifable afoma was not
detected ih'canbla sauce preparéd in this éxperiment.

Color\pf-canqia sauce was found to be more yellowish
~while that of Kikkoﬁan shoyu was more reddish. |

Sensory evaluation showed canola sauce samples to be,
comparable to Chinese and synthetic —soy sauce in tﬂei;
acgeptability. However, they were rated inferior tQ Kikkoman

shoyu, because of the general lack of traditonal SOy Ssauce

aromas.

vi
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1. INTRODUCTION

The discovery of sqy sauce 1is ‘one of the greatest
prides of Oriental food manufacturers. Its production does
not only desiénate a masterpiece of success in food
‘industry, but also carries an appreciation of one of the
cultural arts in tge orients.

Soy sauce 1is an all purpose seasoning agent,
characterized its distinctive myfjad.aromas and flavors. It
is the most popular sauce in oriental countries. In Japan °
alone, about 1,400,000 tonnes of soy sauce are produced‘
ahnually, over 95% of wh}ch ‘is cpnsumed locally (Wood,
1982). However, the .sauce is gaining acceptance in other
parts of the world eSpéc}ally in North America. 1In Canada,
"the production of soy éauce is virtually non-existant due to
limited market and inadequate supply of soybean. The annual
~ten million doilar worth of sdy* sauce ﬁarket in Canada
relies heavily on the importation from Japan, Hong Kong,
Taiwan and the U.S.A.. Therefore , the potential for the
development of the sauce manufacturing industry in Canada is
good as long 'as the qfst and quality is competitive. Cost
combetition may be achieved by using cheaper raw materials
or cheaper produc;ion methods. The two main traditional
ingredients of the saﬁce are wheat and'soybean. Canada is a
hajor wheat growiné country, but not soybean. Therefore, af

good locally grown substitute for soybean must be found.

<

Among high protein seedé that may be used for the pﬁfpééé; """"
[ )

rapeseed stands out prominently due to its importance in



Canadian economy and its high protein quality (Sosulski and
Sarwér, 1873).

Rapeseed is the major oilseed in Canada. Cu!tivation of
rapeseed hés a long history. The earliest direc{' references
to rapeseed were found in ‘India from 2000 to 1500 B.C.
(Singh, 1958). The knowledge of rapeseed cultivation spreaded
to Eufope iﬁ the thirfeenth century. Gommercial growing of
this crop in Canada Eggan in 1942. Today, rapeséeg ranks the
fifth amoné the major oilseeds of the world. Expansion of
the production was found mainly in five areas, viz., Canada,
Western Europe, Poland, India and China.

The meal after oil extraction 1is wusually used as
aniamal feed or fertilizer. Campbell and Eggum (1980) found
that canola (a mpaern name for Canadian rapeseed). meal had
very high protein guality, an average\of 90% in Biologicél
Values and 76% in Net Protein Utilization. Summers (1973)
showed that canola meal had as high as 40% pratein. Table 1
shbws the comparison of nutrient composition between
- rapeseed and soybean meals.

.Due to its high protein content and cheaper price,
rapeseed meai appears ideal, therefore, as a soybean
substitute in the sauce _productioﬁ . Both conventional
fefmentatiop and chemical approach  using acid hydrolysis
have been studied (Ooraikul. et alL. 1980). However, the
conventional fermentation is too lengthy while the chemical
method is too cérrosive andAexpensive to be practical for

large-scale operation. It is imperative, therefore,
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that a relatively cheép and efficient technique must be
found to produée high guality sauce from canola meal to make
the product competitive and viable. .
Thus, the two pronged objectives of this research were

to study techniques whereby the fermentation time might be
_\éhortened and high quality sauce might be produced from
canola meal instead of soybean. The approach was to
pre-hydrolyze raw materials with a suitable proteolytic
enzyme to the point:where microbial fermenta&ion:“could be

effected and. an acceptable sauce produced in one_mohth or

less.



2. LITERATURE REVIEW

2.1 Soy Sauce

2.1.1 History
Soy sauce is a dark brbwn‘liquid with salty. taste and .
shafp' éréma. It occupies g place of honor as an allﬁpurposg
seasoning agent as vell as é table condimen; found nearly
every in oriehéal family. It has-gained acceptance in many
western countries such as United States, Canada’ and Europe.
Soy sauce 1is known by .different names in different
countries of Asia..Fof example, it is known as chian-yu in
Chiné, . si-yu in Thailand, shoyu in Jépan, tao-yu in
Indonesia, tayé in Philippinés and ketjap in Malaysia. Piper

and Morse:(f943) have recorded more than 50 names being used

~ om
¢

\throughout the oriedt.
The discovery of Soy sauée is one of mankind's greatest
contriputions to food industry. For the first time, it
became possible to produce mea;-like flavor from-plant
origin. There was no complete modern review of the origin of
soy sauce readily available to the western workers. Perhaps,
the earliest record of soy sauce waé found in the book of
Chau Lai (one of the thirteen Classics of Confucius) writtes
- before 1000.B.C. (Groff, 1919), which stated that the . king
used one hundred and twenty jars of soy sauce for his
ceremonial rite. Thig implied“that. the Chinese have - been

. using soy sauce for over three thousand years. The
I

5

—



introduction and development of soy sauce to Japan was
believed to be assoc¢ciated with Buddhism, in which meat was
absiained from the diet of the believers._ Fermented soy
paste, originated from China, was introduced into Japan in
the sixth century by Buddhist priests, and gradually
transformed into ) Ehe present Japanese shoyu

\

(Fukushima, 1979).

2.1.2 Ingredients

~

The basic ingredients of soy sauce ane soybean, wheat,
. Y
salt and water. Depending on the local practices of the

manufacturers, céramel or molasses, prev;ous;y heated to
180-190 C is added to the sauce to give a desirable sQeetish
taste,. aroma, darker'color and greater viscosity of the
sauce. Monosodium glutamate (0.3%)“ is sometimes also’
introduced to further -ameliorate the flavor of the blended
sauce (Lockwood,1947 ; Beans—Arcega, 1966). In general, a
preservati&e such  as benzoic .acid or propyl- or

butylip4hydr9xy benzbaté orysodium benzoate is added to_the
SOy sauce. Récently, however, the trend in Japan seems tb'be
toward eﬁther aseptic bottling of shoyu. without

preservatives added, or bottling shoyu which 1is fortifed

with ethanol as a preservative (Yokotsuka, 1981).

2.1.3 Types and Grades . -

<

‘ According to Fukushima (1981), there are five different
¥ . . B «

types of soy sauce available in Japan, ‘'viz., koikuchi,

N



usukuchi,” tamari, shiro and\ saishikpni. In koikuchi,
usukuchi, 6rb_saishikoni shqu,' the éefatted soybeans are
mixed with equal amount of ;oasted wheat and then inoculated
with a pure culture starter. In tamari shoyu, howéver, the
proportion of wheat tolsoybeah must be less than 10% while
in shiro shqyu, a very high fatio'of wheat to soybeans muét
belused. Koikuichi shdyu'is'an all pufpose seésoning agent
. with strong aroma, myriad flavor and a deep brownish color.
This may be.associated wifh the high peréentage of wheat
which supblies carbohydrates AleadiBg to the produétion of

sugar, alcohol, and organic acids in the final product.

Wheat also serves as a source 5f lignin and gly;osides
(precusors of ;anillic Acompounds),v and prqvides glytamtT
acids, hence enhancing the flavor of the sauce (Steinkraus,
1983) . |
Usukuchi shoyu is cha:acﬁerized. By a lighter brown
"color and milder flavor. It is maihly used for cooking when
one wishes to preserve the original color and flavor of the
foodstuff. ) ‘
Tamari or chinese'type'sby sauce is distinguished from
the other'dapanese shoyu by it; distinctive taste, thick
consistency and deepA dark color; The . poor aroma of the
‘Chinese type soy sauce.is éscribed to the lowe; perégntage'
of wheat used and also td the fact that the soy sauce is
unpasteurized. Howevér, thié type of soy  sauce iis ‘vastly
used in mainland 'China and Hong Kong. The remaining two
types of soy éaﬁces Aare produced and cdnsumgd only 1in-

N



: isolated localitieﬁ or for special use in Japan.

It is genér;lly‘recognized by the Japanese Government
that there are thtee grades of soy sauce, that 1s,' special
upper and standard. The grades are differentiated by
organoleptlc evaluatxon, contents of total nitrogen, soluble
sollds other than sodium chlorlde and color. Special grade
is assigned only toO soy sauce produced by the trad1t16nal
‘fermentatlon (Fukushima, 1979) ’
The Quality and pr1ce of shoyu are eetermined by the

nitrogen yield, the total soluble nitrogen and the ratio of

amino nitrogen to total soluble nitrogen@5in-‘the sauce.

Nitrogen yield is defined as the percenyaqe of nitrogen of

rawv mater1al converted to soluble n1trogéh whlch 1nd1cates

L4 A

the efficiency of the enzymatlc conver @n during the sauce
: w

preparation. A ratio of higher than 50%;¢f amino nitrogen to

total soluble nitrogen 1is also anéﬁﬁvidence of quality

(Heéseltine and Wang, 1979).

2.1.4 Trade in Soy Sauce

There are more than 2900 soy brewersgln Japan where 47%
is..made up by family enterprises. Usually less than ten
workers are employed in each factory, hence the productivity
i§ verf' low. Five big enterprises, 1nclud1ng Kikkoman
dom1nate the soy sauce industry in Japan. The comblned share,
of these five enterprises makes-up about 50% of the total

production, while the remaining 50% is shared almost equally

by 30 medium size factories and almost 2900 small business



.- (Wantanabe, 1984’.

The successful penétfation of the soy sauce market into
Europe and North ‘American cauntries is due to the very
positive marketing policieé of the manufacturefs ‘in Japan,
Singapore, _Hong‘Kong aﬁd Korea. ond (1982) has done a very
thorough statistical report 'Qn tﬁe world;ide soy sauce
trade. According to ‘his report, Hong kong, the Korean
Republic, Singapore aqa Japén serve as the four main soy

~sauce suppliers to a total of 97 countries in 1978. Japan

produced 1,434,000 tonnes of soy sauce (calculated with

3s§ecific gravity of 1.2), with less than 0.5% exported. This ™

ﬁmpliéd an annual local consumption of 12.81 Kg of shoyu per

!

chead or a daily consumption of 35.1 g of shoyu. Hong Kong

exported almost the same amount of .soy sauce as that of
Japan ahd had her biggest market in North,Amerﬁca especially
in ‘the United States. Alﬁhough -~ Korean Republic and
Singapore, exported lesser amounts of soy sauce as compared
to the above two countries, they did 5erve as important
suppliers to Near and Middle East, as well as Far Eastern
and wesﬁern Pacific codntries respectively.

The statistics also revealed that there was a general
trend of increase in the demand of soy sauée. This might be
' due to the incr;asing popularity of Chinese cuisine in
different parts of the wofld; J -

Perhaps, the greatest enigma is the v;ry home of soy

sauce, mainland China. Unfortunately, no trade figures arc

directly available. However, from 1976 to 1978, Hong Kéng

e
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imported about 13,000 tonnes of soy sauce annually, of
which, China's share was over 90% of the fotal import which
was approximately twice Hong Kong's exports té the other
countries. Furthermore, of the 1,700 tonnes soy sauce
imported in Singapore, about half was from mainland China.
The émount of imported soy sauce was approximately
equivalent to her total éxport. Théée figures‘hjnted at an
extensive Chinese trade in this product. Recently, China has
opened her door to foreign trades, and it is believed that

soy sauce éxports will definitely become one of her most

importaht transactions. /)
2.2 Manufacturing Process

202.1 Definitions of Terminologies oy
Koji - A yeast or other starter prepared from rice or
other materials inoculated with the spores of a
- mold. For example,Aspergillus oryzae. The Quoteq
phrase ' a yeast or other starter .’ can be better
understood as a fermentation enzyme donor. (A
synopsis of Japanese Traditional Fermented
Foodstuffs ) |
Meal - The product resulting from.grinding the material
remaining after the removal of part‘of the oil by
pressure or solvents from oil seeds; its use is

génerally reétricted to feeds for livestdck and

£

. v
poultry. '

r
.
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Moromi - Brine-koji mash usually used in fermentation b{

production of indigenous fermented foods.

2.2.2 Conventional Approach i .

2.2.2.1 Traditional manufacturing practices

Fermentation of soy sauce wés at one time a secret
household art. Little information about the mystery of
fermentation could " be acquired. Most soy . sauce was
manufactured in Smal;-scale factories which blindly followed
the traditional methods passed from father to son. In the
_past, tremendous ;fforts with endless amount of time ay well
as primitive equipment were involved in the manufacture.

Soybean was first boiled until soft in a big
semispherical iron pan. After boiling, it was poured into
bamboo baskets and mixed with wheat flour manually. The
resulting mix;n;e was molded in a dark 'robm, vspecially
designed to hé&e its door faced to the north for light and
vehtilation contrbl, for about one to two weeks depending on
the weather conditions. ﬁsually the_manufacturers would stop
the molding procedure befween November and February, as thé
weather during this period was unfavorable to produce the
mold. Care had to be taken that only the yellow mold was
allowed .to qrow on beans, black mold was removed from théjl
batch whenever found. Following successful molding of the
bean-wheat flour mix was the addition of brine. Usually a
small volumé of brine of véry high concentration was added.

The whole mash was then put in jars and exposed under the
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sun for two to six mionths. This sunning process Tesulted'in
an evaporation of the liquid in the jars; and three days
before the drawing off of the soy, salt solution was added
to replace the gvaporated liquid. After the end of the brine
fermentation, the liguid &accumulated at the bottom of the
jars was drawn by siphon into another earthenware jar. This
liquid was again allogéd to sun for several weeks. The first
grade soy sauce was made from this liquid. The " second
drawing soy or lower guality soy was made by pouring another
portion of brine into the~remaining residues left in the
jars after the first drawing. The jars were again allowed to
sun from one to two months. Salt water was again added threé
days before the drawing, and then sauce was drawn off and

sold for lower price (Groff 1919; Fukushima, 1981).

’

2.2.2.2 Current modifications

Sauce prepared by the old traditional method was found
to vary in quality because of the contaminatiéh of molds and
bacteria due to inadequate hygienic standard. Nowadays, soy -
brewers still follow the concept pf .the conventional
approach. However, with scientific progress and improvement,
more sophisti;ated méthods have been introduced in recent
years. These allow better control of the fermentation
condition during the sauce making and amelicraoted quality of
the soy sauce produced. New eguipment s$uch as continugus
pressure cookers, automatic innoculators,.automatic mixers,
ventilatiéq\devices of large perforated vats with forced-air

blowing from the bottom'of the vats, temperature controls
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and mechanical devices for turning the substrates during the
incubation. The process flowchart of thez* conventional
approa¢h is show in Figure 1, |

Soybean or defatted soybean grits are moistened and
cooked under steam pressure. This. procedure greatly
influences the enzymatic digestibility of soybean protein
(Yokotsuka, 1981). Kawano (1938). found that greater
production of amino acid content 1in shoyu ‘'was directly
related to enzymatic digestibility of the cooked soybean.
Furthermore, cooking soybeans at a hiqp temperature within a
short .period of tim% tended to imprbve the enzymatic
digestibility of the soy protein (Yasuda et al., 1973 a, b;
Harada et al., 1966). According to the 'above finding,
soybeéns are practicably cooked at 1 Kg/em for 1 hour in
most of the soy manufacturing factories.

Ground roasted wheat is then mixed w{th the cooked
soybean in ratios according to types of sauce intended to be
produced. The mixture is inoculated with a small amount of
seéd mold or a pure culture of Aspergillus oryzae or
Aspergillus sojae. The whole mixture, known as koji, is kept
in a large shallow tank with a pegforated'stainless plate
false bottoﬁ. Temperéture and moiggire controlled air :is
blown from  the faise bottom in order to ventilate théskoji
as well as to maintain the temperature at around 30 C. After
48 - 72 h of incubation, the mbisture of the mash dfopg from

40 - 45% to around 25 - 30%. During that time, the koji mass

gives off a mild, sweetish musty odor together with a



SOybea{n Wheat - Seed culture
400 kg 300 kg "
g
l < l 0.1-0.2 5 wt of
soaking in water roasting that of raw material
autociaving crushing

o

—>mixing € ‘

Koji -
Salt 276 kg ‘
water 1200L
mixing
Moromi

Fermenting tank
aging 6-8 months
pressing

N

Soy cake : Raw shoyu

pT}teurization -
Sediment Refining shoyy

bottling

Figure 1 Conventional manufacturing of soy sauce
After Yokotsuka, 1981 ~
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greenish yellow mycelium covering the entire mash.

part of the art of koji preparation relies on the
judgement of when to terminate the process. Immature koji
results in insuffient hydrol§sis of proteins ana
polysaccharides in the substrates, whereas, delayed
termination’ permits“sporulation to occur which w?ll result
in the development of unécceptable moldly flavor as well as
..a sharp, harsh ammonia smell, giving rise to a producé of
poor quality. - |

To terminate the kodi stage, 18% (w/v) brine is mixed
with the koji at the ratiogéi_1.2 - 1.3 : 1 (v/w). The mash
is now called moromi. This denotes the onset of the brine
fermentation. Pure culture Pedioccus ~ halophilus or
Lactobacillus delbruckii and Saccharomyces rouxii 'aré added
at.the start and after “one month,p’;espéctively, to the
moromi in order to sustain the fermentation. PH of the
moromi drops from the initial value of 6.5 - 7.0 down to 4.7
- 4.9 with the colos. and flavor becoming more intense.
Traditional fermentat%6a continues for one to three years at
ambient tempefaturet . .

The aged moromi is put into a cloth bag ahd the 1liquid
part of .the mash is separatéd from the residue with a
hydraulic press..The ' raw shoyu ' is then heated to 70 - 80
C for 30 minutes-.by a platé heater. This heating is
necessary to stop the -microbial ~and enzymatic reactions,
sedimentithe heat-coagulated proteins, clarify‘the shoyu, as
well as increase acidity and color of the sauce . A recent’

~
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tendency tqwérd aseptic bottling of koikuchi type soy sauce
in Japan negates the use'of preservatives on‘the product.
2.2.3 Chemical Approach

As time and labor becomes costly, a faster and cheaper
method of producing soy sauce has to be develdped. Oné of
these 1is a chemical process. Chemical shoyu is prepared by
aéid hydrolysis of soybean and wheat. The mixture is
refluxed with 20% hydroéhlorid’ acid for about 12 - 16 h
Qntil a maximum concentratipniof amino nitrogen has been
obtained. The hydrolyzéte isAsubsequentl§ neutralized with
50% sodium hydroxide to pH 4 - 5. The Sauce is then ready.to
be placed in hardwood storage tanks for éging prior to
bottling. A final salt concentrétion of the sauce will be 18
- 20% (w/v) if .the process 1is properly carried out
(Minor, 1945). Figure 2 illustrates ﬁhe flow-chart of the
chemical process. | - : 't L

A milder acid hydrolysis using 18% hfdrochlor?c' acid
for 8 - 10.h, followed by sodium carbonate neutralization
’ has also been attempted bf-Watanabe (1969).

Acid hydrolysis wusually results in a more complete
breakdown of substrates; however, it cannot provide the same
kind of flaQnrs~as thelmicrobigi/firmentation précess does.
In fact, the acid hyérol&Sed product is more-like a -solution
“ofA amino acids and salt which lacks the.subtle aromés and
flavors of the fermented soy saﬁce. Consequently, ‘chemical

shoyu has a very limited market in Asia and is often used as



Soybeans B Wheat
1 part _‘ 1 part

o \Mixed/ .

Figure

Hydrq’lyied with 20 °% HCI, 12-16 hrs
EHtered
Fiurate

Neutralized with 50 %% NaOH
to pH4-5

\

Pasteuﬁzed

SOY sauce

2 Production of chemical soy sauce
After Yong and Wood, 1974
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an extender of fermented sauce.. Moreover, Japanese
Agricultural Standard (JAS) regulations state that soy sauce
blended with the chemi@ally produced sauce cannot be

assigned special grade.

2.2.4 Semi-chemical Approach

In order to improve. the taste of the chemical soy
sauce, an attempt of combining both methods - chemical and
fermentati;é, has been made. Noda Shoyu Co.:Ltd. pioneered
this semi-chemicai'approach for‘large scale production jdst
after the World War II (Yokotsuka, 1960).

In this method, defatted soybeans » are partially:
hydfolyzed with 8 - 10% hydrochloric acid then neutralized
Qith, sodium hydroxide. ﬁrehydrolyzed soybeans are
subsequently fermented with yeast in the presence of wheat
koji. With this me;hod, the fermentation is shortened to 2 -
3 months. | | -

Semi-chemical soy sauce possesses some fermented soy'
sauge flavors bﬁt\is essentjally a chemiéal soy séuce, hehcev
still has the similar uﬁpleasant odors as those found in

‘chemical soy sauce. Semi-chemical soy sauce is also called

"shinshiki' in Japan.

2.2.5 comparison of the Three Approaches '~
Good soy sauce, like good wine, improves its
organoleptic characterestics upon storage. The conventional

fermentation process i§ no doubt the best method for
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producing excellent flavors and aromas. However, with the
\“‘xgincréasing cost of timaT space and labor, the lengfhiaess of
the process becomes a serious disadvantage. The chemical and
semi-chemical processes offer a cost advantage over the
conventional preparation.' Nevertheless, during acid-
hydrolysia, various secondary reactioas occur and produce
undesirable compounds such as dark humins, levulinic acid
and formic acid which are not present idapraditionaliy
fermented soy sauce. Dimethyl sulfide, fhrfurolﬂand hydrogen
Sulfide wvhich have very strong objectionably bad odors are .
derived from methionine, pentose apd sulfur-containing amino
acids ,respectively, ‘during” the chemicai hydrolysis.
Fukushima (1981) reported that the main organic a¢ia found
in chemical soy sauce was formic acid; whereas, the main
organic acid in fermented soy Ssauce Qas lactic acid,
probably produced by lactic acid bacteria during tﬁa
fermentation. Levulinic acid, not  found in traditionally

fermented soy sauce, was foundvinbchemical soy sauce (Figure
3). Tryptophan, an essential 'amino a;id, is completely
destroyed‘§0riqg the acid hydrolysis.
, Accordinguto Arcega (1966), yeast converfed‘sugar into
" alcohol Qﬂila lactic acid bacteria transformed sugar into
lactic acid and other organic acids during"fermehtation.'
Upon ripening, alcohol became esterif;eé withﬁthe a;ids;
giving the distincfiva aroma tof:%a sauce.
In 1977, statistics in Japan indicated“that 63% of the

bottled soy sauce was‘composed of fermented product, 30% was
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a blended mixture of semi-chemical and fermented sauce,
while only 7% was chemical soy sauce (Fukushima, 1982).
Semichemical and chemical soy sauce are seldom used alone as
table condiments. However,, in the western coﬁntries, people

are less accustomed to fermented sauce products, and

therefore would accept chemical. soy sauce more readily.

2.3 Biochemical and Microbial Changes in Koji and Moromi

e

2.3.1 Enzymes . ’

Aspergillus oryzae and Aspergillus sojae are often
considered as enzfme donors. Various extracellular énzymes
su;h as sucraSe, amylases, cellulase; lactase, protéase,
lipase and phosphatase, etc. are produced, especi%lly during
the sporulation. of the mold in koji (Yong and Wood, 1977
‘a,b; Goel and Wood, 1978; Oba, 1974; Kuninaka et al. 1980).
According to their functions, three kinds of enzymes, viz.,
carbohydrases, pfotease, lipase and other minor enzymeé will
be diécussed. Since most of the enzymes reach the bptimal
activity level 50 - 70 h after they are produced, in
commercial practice, soy sauce makers tréditionally perm{tﬁ

-.the koji to develop for 72 h.

2.3.1.1 Proteases -

The extent of‘proteih hydrblysis is acknowledged as one
of the most important-factbrs governing the QUality of soy
sauce. Soluble low molecular weight peptides and amino

acids, which contribute to the palate fullness of soy sauce,
// ’.
k N
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aﬁe lptoauced through the enzymatic breakdown of proteins in
the"substrétes. Yokotsuka (1977) reported that ' abdﬁt 80 -~
'90% of the protein in the raw materials for sostaUCe was
solubilized. -
Selection of mold strains used for koji making is
génerally based on the enzymatic activities  of the
extracellular proteases liberated by .the mold. Amoﬁg thé
different mold strains used, A. oryzae and A. sojae were
féund best fér the digestion of soybean protein to produce
good gquality soy sauce (Nakadai and Nasuno, 1976). Attempts
have been made to 'isolate and characterize proteases
produced by the molds. Kundu and Manna (1975) purifed one
neutral and one alkaline proteases from A. oryzae. The
optium pHs for casein and hemoglobin hydrolysis were 6.5 at
60 C- and 10.0 at 45 C respectively. Two kinds of neutral
proteases, which exhibit a typical endo-proteolytic
activity, were also 1isolated ffom A. sojae (Sekine,1976),
Neutral and alkaline proteases differ in their-activitie; in
that neutral protease is specific for hydrophobic amino acid
residues with the amino side of the bond being broken,
whereas alkaliné protease is.specific for the hydrolysis of .-
the carboxyl side of the aromatic and hydrophobic émino acid
rgsidues. Besides neutral and alkaline proteases, ‘the
preseﬁce of tw§ acid.proteases from Takadiasééég; a. crude
'powder prepération, from A. oﬁyzae, were ‘gi;o Treportedj
(Tsujia and Endo, 1971). These two proteases were -fduﬁd to

. . C o ¥ o . .
have similar amino acid profiles and molecular weight in
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&
their protein portion except one of them was a glycoprotein.
Both enzymes had pH opt1ma around 3,to 4 and were specific

for aromatic or hydrophob1c amino acids, capable of cleaving

the acids from elther end . ’

It is‘ ‘generally ‘recognized that the total pr ~teolytic
éctivjfy of koji is well correlated with its resutral and
élkaiine protease activities. Furthermore, activities of the
'alkaliné and neutral .proteases separated from- A. flavus
dropped by approximately 85 to 90% in the presence of 18%
- sodium chloriae medium (Impooléup et al., 1981). Therefore
ft fseems reasonable to. surmise that acid proteases are the
chief source of prbEeolysisvin the moromi stage where the.pH
of the mash is at around 4.8 - 5.0 and that the neutral and
alkaline proteases dominate in the koji stage of soy ~saﬁcg
production.
| Protease activity in koji was détected from the start.
of the mold inoculation. A raéid rise of the activity was
found between twent1eth and th1rt1eth hour of incubation,
with the optlmal activity found around the fiftieth hour,
followed‘by a slight decline and fluctuation in activity
level for the rest of the koji Stage (Figure 4 , Yoné and
‘Wood, 1977a). Upon addition of salt in the moromi stage,
there Gaq a sharp decrease in protease act1v1ty during the
first week of fermentat1on,~followed by a complete recovery :
and then a decline in the activity as the fermentation
proceeded. (Figure 5, Yong and Wood, v1977b). The  initial

decrease of protease level right after the salt addition
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may be due to the denaturation or precipitation of the

enzyme, followed by re-solubilization ahd/or releése of

fresh enzyme hpon lysis of mold hyphae.

2.3.1.2 Carbohydrasgs
\ A ‘considerable, number -of suéar enzymes have been
isolated.from the extracellular hydrolyzases present. in
koji. These include &- and ﬁ#amylases} sucrase, cellulase,
amylpglucosidase, maltase, «-galactosidase and lactase;
Disaccharides and oligosaccharides of the raw materials are
broken down by.these enzymes with a consequent inc:éase in
reducing sugar content, especiallf’glucose, in koji. Amylase
as well as sucrase are perhaps the principal sugar enzymés
released by the mold. Comparing the results obtained by Yong
and Wooé (1&77a) ana doel and Wood (1978), exo-amylase (or
B—aﬁ&iasé) level was found to increase more rapidly than did
eﬁdo—amylase (or o-amlyase) level after spore 'germinétion.
Hoﬁever, the former enzyme disblayed a gradual decline in
activity towards the end of the koji stage, whereas the
latterlshowed a furthér increase. Both enzymes suffered from‘
a sharp loss in activity as the moromi stage  began.
Follo&ing the decrease in the activity at the beginning of‘
the fermentation was the usual pattern of fairly rapid
increase at the firsf three or four dayé»of incubation. Frém
‘thereon, exo-amylase level remained steady for the éest of
the fermentation while endb-amylasé had another distiﬁct
loés of activity between the twelfth and fwentieth days of

incubation (Figure 6 and 7).

=
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According to Yéng and Wood (1977a), sucrase played an
essential réle in enzymatic hydrolysis when the endo—amyiase
“activity was 'ba:élj‘ detected during the first twenty h of
koji incubation. Results obtained by various ‘>orkers
suggeSted that besidés sucrase, substantial ahount of other
enzymes were produced simultaneously during this period of
incubation. At the eighteenth hour of incubation, sucrase

was observed to reach L level of 1.1 units/g dry weight of

[

koji (Yong and Wood% """" 1977a); cellulase was detected up to
1.1 units (Goel )gnd - Wood, 1978&, . maltase and
amyloglucosidase were found to be\“Q.12 and 0.24 units
‘ respectively.(Aidoo et al., 1981). Unfortunately, the above
reéults_ could only be used as a_»generai guideline for
comparison of diffegent enzyme levels, since different
experimenta} methods were employed in detecting the reducing
sugar content resulting from the hydrolysis.

Simley et al, (1976) ‘reported the production of
a-galactosidase by Aspergillus awamori on wheat bran culture
and its_ use in a hellow fiber reactor to hydrolyze |
éalacto-oligosaccharides of soy‘;ilk. The use 6; immobilized
lactase produced by A. oryzae for proceésing.whey was fouqd
to successfully improve nutritional value and reduce
pfsduction cdst' in the ébeverage .indusfry (Sprossler and
Plainer,1983). Information on the activities of these two

enzymes would be valuable because of the potential

importance of their products in soy sauce flavor.
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2.3.1.3 Others enzymes

Little attention has Dbeen paid to the presence of
lipase, tyrosinase, ribonucleases, phosphatases ‘etc. in
koji. However, it 1is of practica significance to study the
activities and levels of these enzymes since quality of the
sauce can be greatly infloenced by the product of their
hydrolyses.‘Unlike proteases and carbohydratases, lipase
does not -contribute desirable flavor t auce. Instead
lipase breaks down lipids in eoybeans lije:::ii;\;;ee\\?étty
acids which give _rise to undesirable,. rancid off-flavor.A
Therefore, a ch01ce of different mold sgrgins or replacement
"of whole soybeans with defatted soybean meal becomes one of
the common modifications of the traditional process.

In addition to the flavor and aron;, tﬁ\\ex\ent of .
browning reaction occurring in koji was found to correlate
with tyrosinase .level. Oba (1974) reported that maximum
level of tyrosinase in koji was attained after 45  h of
incubation. On the other hand, Yong (1971) found little
ev1dence of tyrosinase action on color intensification in
moromi and' concluded that the development of the color was
probab&y due to non-enzymatic reactions.

Nucleotides and nucleosides are often con51dered as one
of the essential flavor components in foods. Production of
phosphetases, ~deaminases and ribosidaees by A. oryzae for
the deéradation of nucleotides was reported by Kuninaka et
al. (1980). Phosphatases were described to firmly bind to

the Aspergillus .conidia and could be wused as a neutral
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L .
immobiiized enz}me. On the other hand, deaminases acted on
guanine, adenosine, vguanosine, cytidine, adenosine
monophosphate (AMP) and guanosine monophosphate (GMP) while

ribosidases deqraded nucleotides by acting on adenosine,

inosine, guanosine and xanthosine.

2.3.2 Changes Taking Place ‘in Koji and Moromi

Sauce fermentation is a complex proéess which involves
biochemical breakdown of different substrates. As discussed
above, ~the koji stage is dominated by the growth of
Aspergillus molds, which provide hydfolytiq enzyme such as
extracellular protease and saccharogenic enzymes. With these
enzymes, proteins >and polysaccharides are broken down into
small peptides, free amino acids and simple sugars, hence
ptoviding the distinctive flaQor and aroma to the saucé.

‘The sequence of carbohydrate hydroiyses s£i11 remains
vagué. ‘Chromatographic analysis of koji extract indicated
that sucrose was converted withiQ//24’”h'4ei,'incubation to
glucose and fructose, and maltose started to disappear after
24‘h of incubation (Aidoc et al. 1981). This was supported
by the finding of substantial amount of sucrase at tweﬁtieth
hoq; after mold inoculation (Yong and Wood, 1977a). Figure 8
indicétes a continuous rise of reducing sugarvlébel from the
beginning of the incubation. The r;se was 1lullowed by a
subsequent decrease. Towards the end of the incubation,
there was a second increase, then the'reducinq sugar content

remained relatively stable thereafter.
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Changes in tetal soluble nitrogen, amine nitrogen and
ammonia levels are shown in Figure 9. The continual increase
of total soluble nitrogen thfoughout’the enti:e incubation
period was consistent with the protease level observed in
the koji. The amino nitrogen ievel"flucfuated during fhe
course of the incubation, showing no direct correlation with
either the total soluble nitféen or the protease levels.

?he production of ammonia in koji 1is regarded as
eritically important to. the quality of the sauce, since
ammonia c¢oncentration renders the sauce unacceptable. The
amount of ammonia in koji increased rapidly from about the
thirtieth hour of incubation until the e{ghtieth hour when
it remained unchanged thereafter.

| Since most of the important enzfmes reached their
optiﬁal activities at about seventieth hour of incuSation,
when the reducing sugar, total soluble nitrogen and amino
nitrogen levele were high, but the ammonia level was still
reiatively low, i; was .a common practice for soy sauce .
makers}to terminate the koji after 72 h. If the }oji allowed
to age excessively, profuse epqrulation will occur giving
rise to a harsh, moldy smell to the product. The koji 1is
terminated by the addition of salt which inhibits further
mold growth. 4

Despiﬁe the high temperature and salinity, activities
of proteases and seccharogenic enzymes remained- deteetable
throughout the fermentation : .These enzymes continued to
increase.reduciﬁg sugar and tetal soluble nitrogen contents

R
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(Figure 10 and 11). I&troduction of lactic aéid‘bacterié to.
moromi would lead té-thé‘ metabolism of simple sugars to
organic acids (essentially lactic acid) and small peptides
to amino acids. The production of these acids is responsible
fdr the éradual lowering of pH. Inoculation of yeasts would
result in the hydrolysis of starch to simple sugars ;nd

probably further to alcohol.

2.3.3 Microbiology in Méromi Mash

| Fermentation of moromi is even more complex'than the
enzymatié reactions in koji stage. Many different
micfo-organiSm hav% been isolated from the mash, -among them,
salt-tolerant homofermentative( lactiﬁ' acid bacteria and,
yeasts are of paramount importance. The high salt
concentration, aroundm18%, eésentially3réstricts the growth
to a few desirable osmbphilic bacteriat e.qg., Pediococcus
halophilus , P. cerevisiae, P. soyae and Lactobacillus
delbruckii. Some commbn'contaminant; such as Micrococcus and
‘Bagilius cpecies are | someﬁimes found in "the'.;mash
(Matsumoto, 1925; - Ishimaru, 1933 aﬁd Sakaguchi,1958); Salt
tolerént yeast éuchf as Saccharomyces fouxii(
Zygosaccharomyces soyae Z. major"; Torulopsfs ver'sati ]lis and
T. etchelsii are also found to grow successfully in the soy
mash (Lodder and Kregervari Rij, 1952). Film-forming yeasts
which are‘H;rmful to f::\keeping quality of soy .sauce have
élso‘ been observed. Thelse include Z. salsus, Z. japonicus

~

and Pichia species (Takahdsi and Yukawa, 1911 and 1914) .
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The sequence of the microbial succession in moromi has
been reported by Yong and Wood (1976). They inoculated the
'trained' L. delbruckii and S. rouxii into a sterile soy

"mésh or moromi aseptically prepared in their laboratory, and
quantitated the number of microorganisms throughout the
entire fermentation. These experiments showed that there was
a naturélmgradual decrease ‘of pH in the mash from 6.5 to 4.5

waven witgout the presence of anfidetecﬁabie bacteria. Mash
igoculatedbwith lactic acid bacteria and yeast had more
rapid decrease in pH..Initial viable count of L.delbruckii
Aat 6.8x10¢ cells per gram dry weight of the soy mash
increased to 2.5x10" after two days, and remaingd at this
level for only two days before it began to decrease. The
fiHEl viable count of the bacteria wés found to be 1.0x10‘,
aftgr 32 days of incubation; some 700.times lower than the
original inogulated 1evel; The number of S.Pouxij‘deciined
at ;ié'begipning from 4.6x107 to 1.95 x ;0’ followed by 'an

' inc?ease to 7.55 x 107 on the fourteenth day of incubation
when the pH was around 5.0. Thereafter, yeast dominated the
bride fermentation (Figure 12). - ' \

1f S.rouxii was inoculated’aldne;‘it initiated growth
at pH é.O after four days, but did not rise rapidly until pH
reached 5.5. It subsequen;ly attaineﬁ a relstively steady
pdpu;ation'of 1.4 % 10 * after thirteen aays.

On the other hand, L, delbruckii alone increased niné

times its original number (3.8 x 10* cells per gram ' “yu;

weight of soy mash) after four days. It then remained at
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this level for four days before decreasing to the final
count of only 5.6 x 10° cells per’gram dry weight of the
sample. PH dropped most rapidly in this sample than any of
the above combinations. |

Another striking discovery by Yong and Wood (1976) was
. that when the mash was artificia;éy soured with lactic acid
to pH 4.5 and then fermented Qith yeast, the lag period of.
the yeast was shdften to one day. An optimal.levei at 1.4 x
107 cells per gram dry weighf of the mash‘was attained after
twelve days. It was also/interesting to note that the lag
phase was more prolonged for yeast in medium acidiffed»with
‘HCi at 18 and 20% sodium chloride. concentration than in a
ﬁediuﬁ acidified with lacfic acid at the same salt
concentration (Yong ef'él., 1978). Sauce. pfoauced by this
method had desirable quality comﬁérable to that inoculated
with both microorganisms. This implied that moromi
fermentation involving only yeast coqld _give as good a
qd%lity of product even if lactic acid bacteria were

=

omitted. Therefore, more attention .will be paid on the
'factbrs affecting soy yeast growth in this review. °
Several ‘factors such as pH, salt concentration™and
prolificness of “lactic acid -bacteria -affect yeast growth'
during the briné‘fermentation. The éH rénge for the growth
of soy veast in sodium chloriae free meéium is very wide (pH
3 -17), yhile in high salt concentration, profuse growth of

the yeast is limited to only low pH (pH 4.0 - 5.0) (Onishi

and Saito, 1961). Increasing salt concentration, which is



41

the case .in brine fermentation, exponentially extends the
lag phase of the yeast. That is, a further 2% increase from
18% to 20% will prolong the lag growth ph;se tremendously‘td
more than 120 h. Moreovér, the total amount of yeast growth
decreases with increasing salt concentration (Yong et al.,
1978). All these corrobofate the phenomenon observed by Yong
~and  Wood (1976) in their s;udy.that'yeast did ndtﬂihitiate
.its growth until the pH dropped below 5.0 ‘*n  such a ‘high
salt medium. - B .

Presence . of lactic acid bacteria résults in - a
depression of ‘yeast growth. Noda et al. (1981) in their
study‘of the interaction between bacterial and yeast growth
in brine fermentation of soy sauce, found that metabolites
producéd by the bacteria exhibiféd' a ,stréng - inhibitory
effect- on the gfowEh of the tested sof yeasts. Acetic acid
produced by the bacteria was conéidered to cause the
microbial antagonism in soy sauce fermentation. In fact, ﬁhgv
inhibitory effect of acetic acid on yeast growth increasés
significantly as the pH of the hedium decrease from 6.0 to
3.5 (Ngda et al., 1981). Fortunately, lactic acid, the major
organic acid produced by the osmophilic yeast,_does not have
any drastic iphibitory effect on the alcoholic fermentation.

In. short, dufing the first stage of the brine
fermentation, lactic acid bacteria convert siméle _sugaré,
produéts of previous enzymatic:breakdowns, to'organic acids,
mainly lactic acid, which leéd to the decfease of‘pH in the

medium. The viable number of the bacteria begins to decline
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rapidly, presﬁmably due to the'accumulation‘of the metabolic
products in the soy mash. When the pH of the mash reaches
approximately 5.0, yeast gfowth commences giving rise to the
' alcohol fermentation. S. rouxii ferments glucose and mgitose
but not galactose, saccharose and lactose. Aerobically in
high salt,lS.Pouxii condﬂéts large amount (up to 50%) of
glucose into éiycerol ‘and reduces furfural into furfufyl
alcohol. Both glyéerol'and furfuryl alcohol are important
flavor constituents in soy sauce (Yong and Wood, 1974).
Torulopsis versatilis and T. etchellsii, somtimes isolated
at the later stage of the brine fermentation, contribute to
the aged mash  flavor ithrough the production of
4-ethylguaiacol, 4-ethylphenol and 2-phenylethanol (Asao ét
al., 1957a; 1967). ' |

Ay

2.4 Chemical Composition of Soy Sauce

2.4:ivNitrcgen Containing Comp&unds'

It is generally recognized in Japan that the quality
and price of shoyu are determined by nitrogen vyield, total
;oluble nitrogen and ratio of amino nitrogen ﬁo total
soluble nitrogen. Nitrogen yield is 'degined as the
nitrocenous material in_thé raw substrates being converted
into. a soluble form throbgh enzymatic hydrolysis during koji
culturing and mash aging. High nitrogen yield‘is an evidence
of efficient enzgmatic con?ersion, and is also one of' the

criteria of high quality soy sauce. Good quality 'S0y sauce
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contains at,east 1.5g of total solubie nitrogen pérv100 mL
sauce, of which, 40 to .50% is amino acids, 10 to 15%
ammonia, 40 to 50% peptides and peptones and less than 1%
proteing,(&okotsuka; 1960) .
| Aﬁino acids exist in soy sauce mainly in free form,
though some of them are in conjugated form. Lysihe, -
\jhistidine, 'aspartic acid, arginine, threonine, serine,
glutamic acid, proline,-glycine, aian'ne, cystine,A'valine,
methionine, isoleucine, leucine, typosine and phenylalanine
were detected by Tamura and\Aiba (1982) in their purified
N-material extracted from soy sauce. Amdng the amino acids
identified, glutamic acigd and aspartic acid. existed in
largesé qﬁantity. Udo (1931) reported that these two acids
were m&stly in conjugated form, and conclﬁded that ‘the chief
ingredient responsible for the deliciou5 tas;e of soy sauce
was glutamic acid énd its salts.
Besides amino acids, many Qolati;e basic compounds have
been isolated from éoy sauce. These basic comﬁoundg weré
considered indispensible %o the soy sauce flavor. In 1978,
Nunomura et al. idenfified 24. pyrazines,"s pyridines, 2
oxazoles and 4 other compounds in a commercial soy séuée.
The content of thé 4 major pyrazines - methyl-pyrazine,
dimethyl-pyrazine, ethyl-méthyl—pyrazine ’ and
trimethyl—pyfazine, increased 2.5 times dﬁring the couise of
pasteurization. These pyrazinés had very low odor threshold,
and also gave a synergistic effect ih-flavoring, thus’playédb

an important role in the so-called 'heated' flavor in soy
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sauce. Presence of other organic bases have also been
reported by many different workers. Theé most common base
constituents in soy sauce were adenine, hypoxanthine,
xanthine, guanine, cftosine, uracil; chloline, betaine.
These compbundg were regarded té be derived from nucleic
acids, produced;by enzymes pfesent in the mold ( Yokotsuka,
1960 ).

Differenf analftical methods have been employed to
feétimate percent  soluble nitrogeh and amino//;it:ogen
contents in the sauce. Both macro- and micro-kjeldahl
techniques were frequently used to determine total soluble
nitrogen. Selection of catalysts useq\’in//éigestidn“ became
subjects' of many different researchest~gn these stydies, it
was reported that almost 90% of the total nitrogen was
eaéily converted by ,tﬂe ordinary Kjeldahl meEhod'in which
only 'cuprou5‘—sulfate was useq, as the catalyst. Some
investigators suggestea the use of a combination}of cuprous
sulfate and‘ aipbtassium"‘phosphate or mer;urié oxide as
catalystslfor'the digestion. These improved Kjeldahl me££ods
help to promote the breakdown -of nitrogen céntaining
phenolic fractions which are resistant.to digestion during
| . the analysis (Yokotsuka et al., 1955 and A.O.A.C. »1971.
Section 2.051). |

Formol titration, ninhydrin reactibﬂ\ etc. have- loné
been used to determine amino nitroéen present i% the
product. Nevertheless, both of the methods caused effoneous

results  because of the ammonia present. Sakasai . and

v
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Yokotsuka (1957) wused electrometric titration and Conway
diffusion method to determine the formol nitrogen' and
qmm;fﬁa nitrogen. The difference "between. the formol and
. ammonia nitrogen was regarded as amino nitrogen.

Amount - of hit;ogen containing compounds é?esent in the
sauce is attributed to the type of raw materials as wéll as
different processiné- préctices. A general trend of using
defatted éoybean meal instead-of whole beans began fifty
years ago ‘' (Wood, 1982). The reason waé}éthonly economic,
but also because of a higher wultilization  3; nitrogen 1in
defatted soybean meal 'in the fefﬁégEg}ioﬁ. The rate of

fermentation was slower when whole bean instead of defated

soybean meal was employed. It was postulated that higher

A,

ratio of defatted soybean to wheat 1is requifed should a
pfoduct of high nitrogen content be produced. This is
because wheat is the principal carbohydrate source while
soybean is fesponsibie"for the nitrogen supply in the sauce
production.. However, a higher carbon to nitrogen ratio (or
lower soybean to wheat ratio) encbnrages'mycelial growth and
higher proteolytic activity. A maximum proteolytic activity
was observed when wheat and defatted‘soybeans.were_used in
équal amount (Yokotsuka, 1§60).

Processing ‘techniques . also afieét the changes ‘in
nitrogen constituents in the sauce. Digestibility of
~proteins is affected by cooking time, steam pressure and

moisture content used in preparing the raw material. Noda

Soy Sauce Co. Ltd. '(1955) claimed that total nitrogen in
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soybean was best u’ 1. ed when the beans were soaked in
water for 10 to 12 h at room temperature and autoclaved at’
10 to 13 psi for about an hour. Immediately after cooking,
the material was cooled to below 40 C. This method has since
been adopted in Japan. | .

In 1955, Ohara and Moriguchi Studiedj the wvarious
conditions in preparing the moromi mash in order to impréve
the degree of ulkilization of total and amino nitrogen of-
the raw mate£ials. They: found that lower salt concentration
in the mash would benefit the fermentation as well as
protein digestibility. However, too low a salt concentration
would also lead to the risk of microbial contamination. The
extent of >mash aging_ also‘greatly influenced the soluble
nitrogen yield, especiélly glutahic acid content. Mash aged
for .10 to 11 months resulted in highest total soluble
nitrogen and amino nitrogen contents. Glutamic acid, on the
other hana,.reached maxium concentration after 15 months of
aging after which it started to decrease (Udo, 1931).

It must be emphééized that - total soluble nitrogen,
amino,nitrogeﬁ\and adino”acids contents are directly related
to -the sensory quélity of soy sauce. Indeed, a multivariate
analfsis comparing different factors affeéting shoyu quality
indicated that hitrogen containing compounds were ranked. the
most iéggrtant factor influencing the organoleptic property

of the sauce (Mori, 1979).
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2.4.2 Carbéhydrates

Sugar content of soy sauce is usually expressed as
glucose equivalent. About 3 - ‘5% ‘reducing sugar was found in
most of the commercial soy sauce except _the ﬁhiro .type,
which had.a distinctively high reducing sdggr content of up
~to 20%. This is‘not suprising since a high percentage of
wheat is used .n preparing the shiro koji. Glucose,
galaétose, arabinose and xylose are the’ four -major sugars
'isolatéd from soy sauc;; Two sugar alcohols, deriving from
mannitol and glycerol, and one non-reducing oligosaccharide
were also identified (Hamada et al. 1956). .

Hitherto, none of the methods which include colorimetry
using thomogenic reagent,. and titration wusing Fehling
reagents and sodium thiosulfate, haé been found satisfactory
in estimating sugar level in the sauce. (Somogyi, 1951 and
and A.0.A.C. 1975, Section 31.038 - 40). Interfering
substances in soy sauce such-as proteins, émino acids, and -
othef reducing compounds céuse errors in these analyses. .
Attempts \ﬁfve been made to remo;e proteins before the.
analysis. However, this prbcedpre alone did not seem “to be
effective in overcoming the problem since many substances
are involved (Kandachi and Nishi, 1949)

Although sugar itself does not seem té play a dominant
role in taste and aroma of the sauce, its dérivative
compounds ameliorate the flavor profile. Non-enzymatic

browning or Maillard reaction is a major contributor of

pleasant organoleptic characteristic as well as the
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traditional dark brown color of the sauce. Soy sauce with-
too light a colobr is generally considered to lack 'body' Ry
thé orientals. Five Amadori compounds: fructose-alanine,
fructose-valine, fructose-glycine, fructose-leucine and
fructose-isoleucine were isolated and identified from soy
sauce. All these fompounds exhibited remarkable browning in
the presence of oxygen and Fe? or both Mn? and Fe?. Mn?'
itself had no effect on the oxidative browning of the
Amadori but together with Fe?* synergistically accelerated
the reaction. ﬁearréngement of the Amadori compourds was
also enhanced. in the presence of other amino acids.
Furthermore, the degree of browning caused by
o~hydroxycarbonyl gfoup_ was insignificant as compared to
that cauged by the oxidative browning of Amadori compounds.
It rwas,'therefore} concluded that the oxidative browning of

2;f\;3§\qguce was accelerated apprecia?ﬁ& by the presence of Fe?’
and Mn?®" whose concentrations in the sauce were about 40 and
30 p.p.m. respectively (Hashiba, 1976,1978).

Another significant role of sugar in soy sauce is to
supply nutrient to the feast for the production of alcdhols
and their derivatives. These fermentation products play an
essential role in aroma which will be discussed in Section

2.4.5..

2.4.3 Acids and Related Compounds
Experiment on quality evaluation and chemical

composition of soy sauce conducted by Onaga et al. (1957)



revealed that sauces w1th best rated flavor and aroma had
‘high total acidity. These acids mlght be derived from the
metabolic produets formed during fermentation or from some
of the amino acids such as glutamic acid and aspartic acid
as described earlier. The tetal titratable acidity measured
from -seven commercial samples varied from 6.13 to 19.97
milliequivalent NaOH per 100mL sauce.

Acid shown to be related to the de51rable aroma, taste,
. storage and color quality of the sauce inclUde lactic,
atetic; succinic and phosphorlc acid. Formlc and levulinic
acid their presence generally regarded as unde51rable, are
,the major organlc ac1ds present in chemlcal or semi-chemical
soy sauce. Minor organlc a01ds such as propionic, butanoic,
mallc, citric, glycol;c etc. have also been isolated fromr
the proauct. The organic acid content of. soy sauce
detetmiaed by Ueda et al. (1958) is listed in Tagie>2’.,it
was also found that arginine, histidine, lysine, putrescine,
cadaverine and cholin®e, when cqnjugated with succinic acid
and glutamic acid, gave delicious and sﬁeet taste, while
salts of formi¢, acetic, .lactic and phosphoric acid
generally tasted bitter.

‘The acids predominant in moromi in the early brewing
stage are citric acid -and malic acid. As ,fermentat;on
proceeds, lactic acid bacteria such as. Pediococcus
halophilus, convert glucose to lactate thle ﬁetabdliiing
citric and malic'aeids to produce primarily adetiq acid. The

ability to metabolize these acids differs from strain to
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Table 2. Organic acid contents of soy sauce” o

Sample no 1 2 3

Butyric acid , 1.03 2.39 4,30

Isobutyric acid ~0.66- 4 .56 1.20

Unknown - 0.80

Propionic acid ‘ 11.89 18.60 2.64

Levulinic acid : 172.28 153.93 1244 .51

Acetic acid 157.82 114.41 122.54

Pyruvic acid : 8.81 4.20

Formic acid 26.13 . 18.14 ° 287 .80
- o-Ketoglutaric.acid 1.68 . 4.26 4.67

Succinic acid , 77.15 33.32

Lactic acid 1175.25 1221.73 : 29.53

Pyroglutaric acid ) 8.81 : 4.20

Glycolic acid .. 18.32%- 8.10 4.18

Malic acid . S 4.21 - .3.05 3.28

Citric acid 7.49 13.04 25.27

a After Ueda et al. (1858)° '

Data expressed as mg/100mi : . :
b No.1 and.No.2 are fermented soy sauce, and no.3 1is

heréch]oric acid hydrolyzate of soybean meal
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'Nunomura et al. (1980) isolated 2 volatile. acidic fractions

X
<

strain. From the first .to the ninth month of fermentation,

thé“overall}organii{acid content in moromi increases. Lactic

i R . : » ;S"] ,

ac1d reaches its optimal level ' in 3, to 4 months whxle(
o+, . [On)

acetlc, prdplonlc and formic acids attaln tﬁo1r maximum

~~~~~
. -

content by the "eighth month. Towards the end of Ithe

fermentation, théere is a decrease in most of the wvolatile

organic acids (Ranabe "and Uchida, 1982). i

1

' The commencement of yeast fermentatlon at the late mash

‘~aging perlod marks the ass1m11atlon of ethanol and carbon

d10x1de at the expense of glucose. In 1980, Yong et al.

suggested four - glucose fermentatlon patterns under various

© yeast culturing and mash «faging . conditions. They reported

that only yeast having been cultured at acidic pH (4.5) and’

inoculated in acidic mash (4. 5) could successfully produce
ethanol and carbon d10x1de. Cells grown in acidic medla and

U
introduc;“71nto negpral mash ‘or .vicé versa were apt to

produce ’ olatlle ot g‘g“{m %s @ ch as acetlc and formlc

,oa
\‘ -
.

-acids. More acids’ would be opnoﬁuced if yeast grown ,in”

" A »

” neﬂiral ﬁpedlum was 1noculated '1nto neutral moromi mash.

-(/ e
Ethyl acetate which was one of - the natural preservatives and

flavors of the sauce was synthesized aerobically by yeast at

the later stage of soy brewing. A large amount_ of ethyl

acetate was produced when ethanol was metabollzed in’

,conjunction'with glucose (Yong'et;al., 1981)

¢

The most important part of fragrance characterlstlc of

soy sauce seems to exlst in acidic state of pH 4 6 to 5.0,

*
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and 7 non-volatile concentrates di;ectl?_ from CH,Cl.

extract. The above fractions were subjected to gas

. chromatbgraphy and .combined gas. chromatography-mass

.

sPectometry' analyses. Ninety "three components were

identified, - of which, there were 15 alcohols, 15 carbonyls,

4 lactones, 13 acids, 9 esters,. 6 furans, 3 furanones, 5

.

pyrones, 7 phenols, 2 sulfur-containing compounds and 14
other compounds. The acids isolated were acétic acid,
propionic' acid, butanoic acid pentanoic .acid, méthyl

7

pentanoic. acid, methyl butan01c ac1d .hexanoic acid, benzoic

"acid, . etc.. Most of these acids were esterified with et‘l

-

or propyl groups. Some volatile ‘ac1ds ‘which were not
identified . by Nunomura et al. (j980) were identified by

other workers. These acids ‘include oxalic acid, vanillic

‘acid, ferulic acid syrlngi?'acid and trimethyl-gallic acid.

The origin 'of these: ac1ds vas belleved to be from the llgn1n

substances in %he raw materlals (Asao et al., 1957a,b).

Other acidic flavorous compounds such as phenols, furanoheSgg

pyrones, etc., will be discussed in details in Section

2.4.5. T

2.}V4 Principle Flavor Components

Studles of volatile and non- volat1le flavor.. components
in soy sauce are of interest both to manufacturers and
researchers. The earliest research on flavor chemistry in

soy sauce was conducted by the Japanese ianBQVE With the

oy .
efforts of many invéstigators throughoutvﬂﬁhe';succeeding

Q. %, } Y.

52
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century, over 300 kinds‘gf‘yblatile flavor constituents have
been isolated from the sauce. These include 51 carbonyls, 24
organic acids, 36 nit;ogenous compounds,' 41 esters, 31
alcohols, 3 _acids, 11 sul fur _containing 'compounds,-»1z.
phenols - and 62 others (Yokotsuka, A1981). Most of the
desirabie volatilg flavor componehts .exist in acrdic‘pHs
between 4.6 to 5.0. It was found that the fragrance of soy
sauce disappeared once tﬁé sauce was neutralized with
alkali. |

In 1980, Nunomura et . al. isolated and identified 93
coﬁpounds from the acédic fractions of soy sauce  as stated
in “the previous section. 2,3—bﬁ£ane§iol was found to be.the)y
major . component in the sauce _ bouquétt
4-hydr6xy-5-methyl—3(ZH)-furanonQ | o (HMF) ,
44hydroxy-2-ethyl-54methyl-3(2H)-furanong (HEMH) énd-
4ihydroxy-2,S—dimgthyl-B(ZH)-fﬁ;angne (HDMF ) which possessed
strong caramel-like odor and soy) sauce—like. aroma were
isolated. These furanomes ‘were probably formed through
heating of 'sugars Jin/ the raw materials "~ during ‘the
manufacﬁpfing process. The very low thresholq vg}ﬁes of HEMF
and HDMF (O.d4 p.p.b. in watef for both) tbgethe; with their
high ;oﬁcentration i~ the sauce of about iOO-; 200Ag.p.ﬁ.
and 10 p.p.m., lréspectively, made them very importaht
componengg*(in soy sauce flavor (Ohloff,A19%8f Nunomura et
al., 1976b). HMF, on the other ;%nd, which exisfed in lsmali'
amOunt.,in.fréw sauce, ihcreased‘ to about zoo.p.p.m; upon

\}

I : -
pasteurization. - N



Pyrones such as isomaltol.and maltol, well known flavor

enhancers, were also isolated from the sauce (Nunomura et

al., 1976a). ) ' |

‘ - :
‘According to Yokotsujé et al. (1967a,b),
ed the salty taste of soy

i

' 4-ethyl—guaiécolp(4EG) amelioti
tinctive brand character of a

sauce and ‘also marked~the di
~shoyu. The most popular brands?ef‘ Koikuehi—shoyu in Japan‘

contained aboét~ 1.0, 1.8 and 2.1 p.p.m. of 4EG which were
substantlally higher than those of the less- accepted brands.

Other phenolic compounds such,as vanlll1n and vanillic acid,

\.Ju'.f -

reacted with organic ac1ds Cto for?ﬁ‘ phenolesters and
contributed as an eSSenceAto the flavor profile.

" The reminiscence of the head spacejaroma. from fresnly
. fermented soy sauce was mainly attributed to ethanol,
isoamyl-aleohol; 1sovaleraldehyde, g 1§obutyraldehyde,
.diacetals of these aldehydes,v ethyl-acetate as well as a
minute amount of dlmgthyl sulfide ($asaki and Nunomura,1981;
Yoshidd et al:,°%§80) V

It is evident, therefore, that the flavor chemistry of

soy sauce 1is an extremely complex subjsctf Different
chemical compounds are produced , ;eaeted 'and conjugated
w1th ‘one another dur1ng the manufacturing'process. Food
resecrchers have been endeevoring to\»isolate and identify
. the flavor constituents in the sauce and trying to correlate
them with'sensori charaeterstics of the'sauce. Aishma (1977
a,b and 1981) studied the relatlonshlp between soy sauce gas
chromatographlc patternSbﬁKd the ranks of sensory quality of

. ‘-‘?M
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the sauce samples by means of Amultiple regress{on‘ and
stepwigg multip%g “regression analyses. He reported\that
trans-2-hexene-1-ol contribufed to pleasant aroma while
-isobutyrié acid to the undesirable smell in the saud®.
Multiple regression models have also been used to éstimgte
the féﬁhtributipn of each 1individual GC-isolated flavbf
‘component to the oréanoleptic and aromatic ‘characteristics

of the sauce.

2.4.5 Color

Soy Sauce{a like ‘ mahy. other brewed product 1is
characterized byﬁ itsi distinctive dark red color. The
browning of éoy sawe is suspected to be both enéymatic and
non-enzymatic. Noﬁ—enzymatié browning is largely due to the
Amadori -cdmpoUnds,formed by the reaction between sugars and
amind-compounds\'(Hashiba et al., 1978). “Howeve;, wthe
reaéfion mechanism of the browning process has not yet been
thoroughly understood.'Hitherto; only some observatory facts
about soy sauce bfowning are obtained; the actual mechanism
of the brdwing process still remains unknown. One of the
findings‘ indicatéd that the browning rate of soy sauce
depegds on the extent of fermentationAduring mashing period
and on the cbﬁtent of non—amino.acid_hitrogenous materials.
Presence of reducing agehts: in the case of mash aging of
moromi , depreésed the non-oxidative browning réaction

(Okuhara and Saito, 1970 a,b). ~Similar finding on the

deceolorization +of raw soy sauce by reduction under a
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simulated fermentation condition suggested that soy sauce
which had been kept under anaerobic conditions by  favorable
fermentation during mash aging was light in color and slow
in browning (Okuhara and Saito, 1970¢). Futhermore, an
increase in the volume of mashing saliné decreased the
browning r?te (Okuhara et al. 1971). |

on the other hand, Okuhara et al. (1971) reported that
the browning rate of soy sauce was promoted by the addition
of peptide solution which not only brown themselves by

reacting with sugars in the mésh, but also - greatly

"accelerated the browning reaction between amino acids and

sugérs. _

In 1981, Hashiba et al. found that Amadori compounds
were 10-100 times more reactive _inv browning than parent
materials, amiﬁo compounds and -sugafs, especially in the
presence of oxygen and iron. Mérebver, oxidative browning o%
Amadori 'compoﬁndsv derived from peptides was more eminent
than those from amino acids;

ConsPituents composed of the Amadori compounds were
also found to determiné the color formation and | its
intensity. For ekahple, red colér of the saUcev.yaQ
considered to be affected by the sugar moiety of the,}ﬁ@?or{
compounds,{'whereas, the ‘coior intensity . decred§§§¥wﬁifhv
increased side chain of the amino ac{ds constituting the
Amadori compounds. .

Color is associated with the visible waves which lie

between 400 to 700 nanometers, from violet to red ends of

J

s



57

the spectrum, respectlvely In order to standardize the
color measurement for sc1ent1f1c research and accuracy,
different systems have been proposed. These 1nclude the 1931
CIE Standard Observer and Hunter- L,a, b ‘color co-ordinate
systems. The former system is based on the”éhree color
response mechan1sms of the human eyes. Sbecific‘ numerical
values (X, Y, Z) are assigned to these three color matchlng
responses. However, the CIE scales do not provide reasonably
uniform estimates Jf perceived eolbr intervals or celor‘
relationships. The‘Iatter system gives uniform color scales

_and is based on the opponent - color theory. This theory
presumes that color perception by human eye corresponds ro
the signal- SWltChlng stage between the light receptor on the
retina and the optic nerve: response to the brain. Color
signals are interpreted on contrasting dimensions; red (+a)

" is compared to green (-a) while yellow {+b) is compared to
_blue (-b). The th;rd aimension is lightness (L); 100 for
white and 0 for black ‘The units (X Y, Z) in CIE system and
L a,b in Hunter color co-ordinate system are 1nterchanggable

by some equations. Hunter L,a,b Color Co-ordinate system is
employed . in measuring 'rhe sauce colors in this'research
because of its "simplicity, convenience and world—wﬁde

_acceptance.
PR
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2.5 Alternative Materials and Processes for the Sauce

Productiog

2.5.1 Use oE Other Sgbstrgtes

With the’éver increasing costs of labor, time and
space, it 1is imperative that the anqient ways of soy sauce
fermentation must be modified or replacgd with more
efficient and qSﬁthy—guaranteed processes. Howeve;,.most of
thé methods suggested are just ad hoc modifications of thé

traditional process. They are still time consuming,

expensive and inefficient. Several attempts have been made

to use different ingredients to produce sauce with quality

comparable to that of the éommercial soy sauce. In 1923,
Church used peaﬁut meél, instead of soybéan; and wheat
mixture to produce the sauce. Ini'1948, Tsukahara, pe;haps
impressed by the dark color of soy sauce, tried to produce
the sauce from garbage, while Oda et al: (1949) made the
‘sauce from acorns and wheat. Mats;moto (1964) ultilized soy
hull instead of soybean?‘ In 1966, Beans-Arcega replaced
“wheat with copfa meal in the sauce fermentation. One lof the
mofe recent trials was done by Luksas (1971 a,b), ~who
su;gestéd the production of soy sauce by fefmentation of
whey .with Saccharomyces lactis and S. cerevisiae. However,
none of the above trials have foundﬁcommercial success. This
may be due to the unsuitability of the soybe%ﬁﬁ&&qbstitutés.
or the contamin§%ion of undesirable microd?gahisms during

the fermentation. .
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In addition to the foregoing 1industrial and _Economic
considerations) an improvement in the nutritive guality of
soy sauce has also been suggested. Camirand et al. (1983),
‘for example, have tried to exdhange sodium in the sauce with

potassium through either a resin-bed ion exchanger or a

membrane dialyzer. ’

As for alternative process, the use of acid to
prehydrolyze soyhean and . wheat 1in order to shorten the
ferméntation time ‘has already been described in Section
2.2.3. - 2.2.4.. Another possible improvement is
supplementing the koji enzymes with. readily évéilable,
power ful and comparatively inexpensive pure enzymes. A
challenging taék' of food scientists 1is, therefore, to
develop an }nexpensive process which requires very short
fermentation time to produce high quality sauce from
relatively cheap and abundant raw materials, preferably
,a;ailable locally. | |

»
L]

2.5.2 Preliminary Study Usiné Canola Meal as a Raw Material

In 1980, Ooraikuledét al. ultilized canola meal as a raw

material . for sauce .productioh. They compared the

[}

conventional method adapﬁed from Ueda eﬁ al. (1958)--wi¥¥ the
semi-chemical appréach from Hesseltine and Wang (1972). Both
of the methods used relied on natural fefmentatioh; i.é., no
inocnlation of lactic acid bacteria nor yeast was involved.
In ﬁhe conventional method A. oryzae andhA.sojae ;erei used

to prepare the koji. Whereas, in the semi-chemical approach,

\

o
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one kilogram of defatted rapeseed meal was mixed with three
litres of 6% hydrochloric acid and steamed‘under atmospheric
pressure for. ten h. Its pH was then édjusted to 5,5 with
sodium carbonate. Both of the processes are illust:ated~ in

the flow charts (Figures 13 and 14).

2.5.2.1 Results of‘the study .

PH and total soluble solids contents of the fermenting
mashes were monitored throughout the entire fermentation. In
the conventional metﬁoa, two rises of total soluble.solids
were found in the moromi stage (Figure 15).The rise during
the first 10 weeks'was considered to be due mainly to acid «
fermentation by lactic acid bacteria, with ' the gradual.
lowering of pH, ‘and the second increase to yeast
fermentation. A lag period was found between the teﬁth and
fourtieth week of fermenpation. The sustained lag period was
thought to be due to slow, or eveﬁ'declining, rate of growth
and activities of thelacid’prodUCing bacteia. The inhibition
of growth could be brought about by the accumulation of
their own _metabolites and high acidity in the moromi mash.
The fgrmenﬁ%tion patfern for cahola mea: appééfed to
parallel that of soy sauce dgscribed by Yokotsuka (1960) and
Yong ana Wood (1976). In all, these :esultsi\implied. the
suitability of rapeseed meal as soybean substituent. |

In the §emi—chemical‘ gﬁpfoach, the initiﬁl total
soluble solids content was ﬁigheg as compared-with that in

the conventiSnaI methodf The lag - d was thus greatly

ceay 3 (3

shortened. Soluble solids content qUigkly‘rose_from 29% to
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Figure 13 Flow chart.of conventional fermentation process on
- canoal sauce. :
- After Qoraikul et al. 18980.
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Figure 14 Flow chart of semi - chemical process on canola sauce.

After Ooraikul et al. 1980,
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42% within the‘first[ month;, wh:;eas “in ' the conventional
methd, it took about a year to do so.KFigure.16); However,
the second rise in soluble solids” did"not occur in the.
semi-chemic;l appfoach; implYinguthaf secondary fermentationv
/by yeast did not fhke place. )

~ Despite the sipnificant increase in soluble solids,
Wthh cons1sted largely of amino and organic -acids dhring.

fermentatlon in both proFesses, there was no correspond1ng

-

e

sharp decline in/ pH. Thls/;as ascribed to the high buffering
capacity of the moromis o

‘\

Sensory. evaluation’ﬁcomparing the canola sauce aﬁa
commercial soy sauée”‘showed that both the canola sauce
fermented for one year and the semichemical sauce fermented
for one month were rated comparable to Klkkoman shoyu.

The results from this preliminary study 1nd1dated that
the traditional fermentation used with soybean'gndrvheat‘
appeaged to work equally well with répeseed’meal ana? wheat. .
Furthermore, the semi-chemical method was shown capable of'
shortening the fe£mentation lag period to hasten the process
from one year to 6he month. Flavor and taste of the products
wére fouhd~£o-be comparable to those of commercial soy
sauce. Conceivably, wr@h ;nrther 1mprovements, the use of
ithe semi- chemlcal approajikon canola meal 1in - large scale

Y

industry appeared prom151ng.' W
(: 9

‘Although. 'the Qse of acid hydrolysis to pretreat candla
) ‘ u
meal prior to fermentation appears encouraging, there are:

2.5.2.2 Prqblems encountered
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o fermentatlon

N ' o sl g R, i o
1nherent problems withfthe”method whicﬁ’can hamper

hseﬁbral

the use of such treatment on 1ndustr1al scale. F1rst of all,

v

acid concentratlon 1s corros1ve, thus nece551tates the

L o8 ¢ .
QA c( P
use of acid re51stant procésszng equ1pment. This, of course,

high

5%adds to the productlon cost. Furthermore,,
inl

1nvolv1ng yeast does‘{hot occur . the

sem1chem1cal process 'resultlng

aromas and flévors in -the productq Thlrdly, food grade

and alkal:,‘necessary for the procégs are qu1te expens1ve,

and appl1catlon of the acid may lead to the production.

ot (Rf
unde51rable

e

-some substances as descr1bed in Sectlon 2 2. 5.

Therefore, furhter 1mprovement of the method to solve the

,’4

sa1d problems,

secondary'
N

of

‘in the deprivation of some" <

acid

or’ replacement of the ac1d with other more
moderaté hydrdiyzlng agents are necessary. The latter “wasr
chosen for the ,research descra.bed in thlS the51§ A { &
. o 3 _*
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o 3. EXPERIMENTAL

3.1 Optimizatjon of total' soluble nitrogen’ iny,Canola
J - - .
Meal-enzyme Hydrolyzate v 4

3.1.1 Experimental Design
To optdﬁize the percentage total soluble nitrogen (TSN)

fobtainga with enzymatic hydrolysis, preliminary studies of

proteolytic enzymes u51ng the cla551ca1 one factor at-a-time

1

~approach was done. At thls 'stage, _five factors, viz.,

tempeqature, PH, enzyme;substrate ratio“(E/S) solvent-meal
A N %
ratio (S/M) and hydroly51s time were 1nvestlgated bne at a

~time whlle keeplng the rest of the parameters constant. Peak
values of - each of t&e.&nd1v1dual factors were obtained in
'these-experimentSﬁ '.,; ﬁ@ﬂ' - - D

Due to experlmenbal and proce551ng limitations, the S/M

ratio and hydrolysis tlme werewflxed at thelr opt1mél values -

_ R S

'accordlng - to the results obtained in the prellmlnary
studies. The_xgyning three factors 'were then used in

;response surfal® optimization. ' hﬁ Voo A

s -l
Orlglnally, two enzgme,‘ -i.e.,. Alcalase 0. 6‘” and

-+

Neutrase - 0.5 L (Novo Industr1 A/S Dagavaerd Denmark) weref

\,

-used 1n the studies. . However, ity becage .apparent . after the

prel;mlnary stud;es- that Alcalase 0 6, L .was -a much more

eff1c1ent proteolytlc enzyme ‘feor the canola meal system than,

:

Neutrase 0. 5 L. Therefore, Alcalase Oﬂ6 L was;theuonly
- A - : *

) enzyme employed in subsequent stud1es. ‘;Gr- " A},¥ﬁ

A

W - .
- . -
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3.1.1.1 One- factor at-a- -t'™ne 4pproach

Five grams sample of canola meal was used in "each of
" the experlments except‘ in the study of meal-solvent ratio
re 10g meal with specific amount of delonlzed water was
d!éd in each sample. Phosphata or carbonate buffer solutlons
with pre—adfhstéd_pﬂ were used -‘as .th> 30;vents in the
ﬁ studizs"OE 'remperature curve, rpH\ curve, duration of the

hydrolysis curve, and evzyme substra;e ratlo curve.

Alcalase 0 6 L employed in thrs experlment is an
endoprotease'of serine type. It is ’a\ water soluble clear
_brownish liquid.v’The den51ty of the undlluted preparatlon
used in this experiment is approximately | ggem . It
vcontains 0.6 'Anson‘ units per g (AU/g) which, according to
“the supplier, is defined as the'amount'of enzyme digesting
the hemoglobin under the'standard condition at an rnitiai.
rate liberating per min an amount of ‘TCA soluble- product

the same color with phenol reagent as one

millieduibalent'bf*tyrosine. The standard conditions for

carrying, out | the hydrolysis were: 25°C, pH 7.5 and 10 min

reaction.time. ' ¥ L N

vTechnical data supplied by the company gave optlmalm

temperature and pH for thls enzyme:}ro hydrolyse denatured
hX

hemoglobmn of 60 - 70 °C and 8 -‘9 respectlékgy‘ ﬁ%mplete

proteolytlc breakdown of wheat glu;en and soy aﬁolate was
,%lalmed to be achleved ;n 2 R 3 h The&gfore,aln initial
&+ . 43 ' ’ N . ’ f‘“&.
‘tests 5o, determlne optium condpﬁdons for canola system,
s

s temperature, pH and reaction tlme were flxed at 66 C, pH 9
o _

?\ﬁé” :e'

=g , ‘ . -‘k

-
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and. 2 h, respectively.‘T;e eh;;;gwgﬁ%%?dute buffer system
was found to be stable at pH 5 - 10 with temperature up to
65 °C.’ f@i stability could be enhanced . if %foteins or
peptides 3%%% added ‘' to the system,(D(vao Industrias,

Bagsvaerd, Denmark).

Meal - solvent ratio

[

To determine optimum quantisy of water required t?'ﬁ

l< .
K

extrggt soluble n1trogenous coma@ynds from' canola meal

dlfferent amounts of de1onlzgd water were used to hydrolyze)n

10 g of meal at 60 “C for 3 h. The ratlo ranged from 1 : 3 to :
a - W

1 L"~?: 25 (w/v). The mixtures -were’ then pressed ang. .y
s " ° - K ‘1: v

hydrolyzate® filtered “and analysed. for totél- soluble -

nitrogen.

o - . i Ay

i |
Temperature A : ‘ v
»). -;v . - . . . » e “:

Canola meal - enzyme mixture was 1ncub%ted ,at

temperature ran!&ng from 50 ~ 80°C w1th pH adjusted to 8.8
using carbonate . b1carbonate buffer. A Y : 10 (w/v) meal -
solvent raﬁio Zwés uSedv based on _ the opt imum ratio

F

establfshed by the above experfment.'The reaction time was 3
h witﬁ enzymelAf substrate raxio of . 0.2. The enzyme - -
s-ubstr?te ratlg; of .2 was chnsen as a result of several
trial and ergors at yhfch the amour$ - “ISN produced was
“found . to -~ be comparable to thaty ebtained with acid
Q;drolysis; | 4 - | |

i $. o : _ “
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‘”Phosphate buffer, pH 7. and 7.5 as well as carbonate
buffer, pH 8 - 10 (0.4M) were added to canocla meal - enzyme
mlxtune in a prop&rtlon of 12:1 (v/w). Temperature and
enzyme~substrate ratio were. fixed at 66;9C and 0.2 (v/w).

respectively 1in all samples. The hydroly51s was carried out

for 3 h. | '

Reaction time * . 'éﬁ . |
Enzyme reaction tiqe ranging from 1.3 - 4 h, was tried.

lMeal - solvent ratio, temperature, pH‘and'enzyme - substrate‘

ratio were fixed at 1:10, 66 C, pH 9 and >0.2 (v/w),

respectively. ' Towy

Enzyme - substrate ratie

Different proportions of enzyme and canola meal
(0.1—0.55 v/w) were studied and the hydrolysis was performed
under the following conditions- 66 C, pH' 9, 1:10 meal -
soiyent ratio. The canola meal was hydrolysed for 2 h based

‘on the optimum reaction time obtalned frdm the prev1ous

W

. ‘ . * ‘ L
p° ’ ’ st \ *

3.1.1.2 Central composite’rotatgbie design

. experiment.

. Three variables, viz., temperature, PpH, enzyme -
- . . . ¢ 5%

substrate ratio, were further investibated and optimiie%g
_However, meal-solvent ratio and the duration —of  the
hydrolysis were fixed at.1:10 (w/v) and 2°h, respectlvely,-"

o

since the meal - solvent ratio will be wultimately dlctated

i

S
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by the ratio commonly used in sauce productlon while 2 h

appeared to be -the maxium reaction time beyond which no

Y

,afurther 1ncrease in soluble nltrogen was detected.

A response sé&face experiment df central composztﬁ
de51gn adapted’from Box and Wilson (1951) (Table 3) was
tch_oseq tfor economy -in the number of experiments required.
iﬁThe three vafiables to be optimized were assessed at 5
levels. The levels .of the vasiables were based on the

’ ; ‘ 8
optlmum values found in the previous one-factor-at-a-time °
experlments. The value of 'éé(; ]‘682)'lg this design yas
obtained from Myers (1976). Table 4 shows different
combinations of the coded and uncoded levels of- the

variables\used.

;'3.1.2'Enzymatic Hydrolysis

‘3.1.2.1‘Materlals:

a) Defatted canola_meal‘_(Western Canadian Seed Processor
‘Ltd., Lethribridge, Alta.) | 4

b) Alcalse - 0.6L -¥Novo Indus;rivA/S, Enayme,Division,.Nove

Allei DK - 2880'Dagsvaerd,fDemark)' |

. . . i : \ .

c) Buffer solutions: ' ik

/

pH 7,” 7.5, 8, 8. 3--0 4M phosphate buﬁiers prepared'
as in Sorenscn (1309) ' ' '

pH 8.7, 6.0, 9.4, 9.6, 9.7, 10.0; .0.4M

t

carbonate-bicarbonate bufferS‘prepared as_ described?«

“7fﬂ by Delory et al. (1945) ;%@j J o

d) All chemlcals used for mlcrgbkleldahl an%é?51s vere of

PO B,

A =

e
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. ‘ o
analytical grades.
3.1.2.2 EquipmentJ
%) Polycarbonate centrifuge tube :'
75 mL capacity with Noryi cap assemblxﬁ(Nalgene)
2) Controlled EnvzroTFent Incubator Shaker (ﬁewﬁBrunswick
Scientific CO.GIDC.JEdlSOH, NJ) |
3) Ultra-centrifuge: : ' : .
Beckman model L2 65B Class G with preparatlve rotor
type 21 (Palo Alto,. ca)’
4) Filter pads: ;
'Whaeman No.1, 7.0 cms-diameter (Fisher Scienﬁific)
5) Polyester centrifuge ‘tube: |
- 250  mL capacity with safty ;gué?ds and  lids

(Nalgene).

v

3.1.2.3 Procedure | -

Specific amount of Alcalase 0.6L as ihdicated in the
exper;mental desién.was pipetted into a 75' mL centrifuge
tube containing 5g defatted canola meal, Except for the
study of’meal-solvent ratio, in whichb 10g defatted canola
meal without any enzyme °addition were put into 250.mL
centrifuge tube. Appropriate amount of buffer solution/ wigh

corresponding pH or deionized water: im the case of

meal-solvent ratio experiment was added and the- suspedﬁ%ﬁp»
Sy T
i

was shaken thoroughly The mlxture was then 1ncubated i;f

temperature controlled shakér for aﬁcertgln period o time

#P%» as indicatéd by ~the

B
* g
e

at . a Lpre-selected'

L4
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excerimental design. LEnzyhei _H?&rolyzates éri canola
me#l-solvent suspensiece'cbtained'efter,the incubation were
cent:ifuged at’ 14,000 r.p.m’r.”~ and the supecnatants wefe
fiitéred under vacuum. Each filﬁrate was made up to its
original volume of added solvent with deionized water. About~
0.5 mL allquots were taken for the analy51s of total solubleﬂ&“
nitrogen wusing micro-kjeldahl technique as described by.

!

Pearson (1976).
3.2 Production of Koji

3.2.1 Rehydration of Freeze—-dried Mold Culture..

3.2.1.1 Materials

a) Mcld cultures

,g > .A_sper*g_ill&s’. oryzae 14895 (NRRL 1989)
£, Aspergillus soja 16320 | :
(ATCC, 12301 Parklawn ﬁrive, Rocinlle, MD) &
b). Potato Dextrose Agar (Difco,Labonatories,uDetrcit% MN) #q

1 .
.c) Peptone water’

3.2.1.2 Equipment

4

1) Low temperature incubator (Precision,
3737 West Cortland St. Chicago, IL)-

-ﬁé@ Roux bottles

.2.1.3 Procédure ' : : P
. s

The tip of the outer vial was heated with bunsen

N q -

burner.z The hot tip was cracked by squ1rt1ng a- few drops of

o .
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.

~water and thén“sfriking with a-file. With a pair of sterile

tweezers, the fibre glass insulation and the inner vial were

e

removed The cotton plu in the 1nner>v1al was aseptically
g

raised. Sterlllzed (0. 3mL) peptones water was added into the

" inner vial and mixed to resuspend the lyophglized pellet.

" 48 h. - P , - »

&

A 0.1 'mL portion of the mixture was aseptically

transferred onto potato dextrose agar (PDA) slants or

»

plates. The slants or plates weré:then.incubatediat 37 C for

48 h. Colonies of similar. morphology were subcdltufed for at

v

least 2 - 3 times. R o O

To harvest the mold culture, 5 mL peptoﬂé wdter~ﬁa$
added into the sub-cultured slant tubes. - The mold mycelia
were  scraped and loosened with a spatulé. The mold
suspension was asepticaily'transféred into a roux Dbottle

with pre-prepared PDA. The culture was incubated at 37 C for

v

» ) .
~ 3.2.2'Koji Preparation

3.2.2.1 Materials
a) Defatted canola meal, ground and sifted through a 40 -mesh
sieve. (Western Canadian Seed. Processor Ltd.,

- Lethebridge, Alta.)

;b) Wheat grains purchased frum a local supplier, roasted and

>

“C)"Rlcalase 0,6L (Novo Indusfri A/S,'Enzyme division, Nevo

s , : ,
“ground. - a N .

Alle, DK-2880 Dagsvaerd, Denmark)

d) Mold cultures



Aspergillus oryzae 14895 (NRRL 1989)
Aspergillus 'sojae 16320

(ATGC, 12301 Parklawn Drive, Rockville, MD)

3.2.2.2 Equipment
1) PH-stat (Metrohm AG AH-9100 Herisau, Switzerland)

The combi-titrator 3D used in this .research was a
combination of a pH-meter E512, Impulsomat E473. and
Multi-Dosigraph E425. The Multi-Dosigraph was“equipped.hyith‘
a 500 mL double walled jacketted hvﬂrolysiskveSSel connected
to a temperature controlled' wat . circulator (Braun
Thermomix 1441, B. Braun Me West . Germany). The .
hydroly51s vessel was covered with « multi-eockef lid and
fitted w1th a PpH- electrode, an autoburette, a-magnetiC"
strrrer 'and a stir-plate, Admission of»(ég ‘NaOH was
automatically ‘controlled . by rhe7pH¢@eter, ﬁH-electrode and
the 1mpulsomat unit. o - | L

- 2) Temperature controlled water bath (Flsher Sc1ent1f1c)

1 mannually opera;ed‘screw press (purchased from a

*%iftyl grams de
" gistilled water and 15.4 mL Alcalase 0.6L in the hydroly51s

vessel which was cohvected to the water bath circulator with

temperatlre adjusted to»69 C. An electrode, connected to the

Impulsomat, ‘was inserted through the 1id socket into the

.‘ - o

mixture to act as a 'signal messenger' to detect theé pH .

v

.%‘i 3 - o !
' -~ 7
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A . :
changes during the hydrolysis. Impulsomat ﬁas adjusted to a
set-point of pH 9‘so that NaOH would beaautomatically fed in
to maintain'the pH‘of- the mixture, which was .constantly
stigred with'a magnetic stirrer. Volume of NaOH was recorded &
on the Dosigraph after 2 h of incuba ._. . Appropriate amount
of water was then added to the mash to make, up the total
liquid volume to 250 mL. | U

B The enzyme hydrolyzate was then adjusted to p@\S.S‘with‘
concentrated HCl. About 140 mL of liquid was pressed from

‘the mash and kept in a refrigerator for later use. The
residue mash was then thoroug;ly mlxed with 50g of roasted
wheat and a roux bottle of Aspergillus ‘culture prepared. as
described ?; Section 3.2.1.3.

The,-resulting mixture, known'as koji,.was analy;ed to
ensure that’ 1t§'m01stuure content was 40 45%. The koji- was -

- then 1ncubated at 28 for 72 h with occass® - 1 stirring.

%u
. . ) . )
5 1 i .
3.3 Morom1 Fermentggxon

&

The xgressed- liquid hydrolyzate - ‘was"mixed with
appropriate amount of salt to make up an . 18% brine._ The
brine uaé then;madded 'into the matu:e (1‘5. 72 hour old)
koji. A few drops of concentrated lactic acid were added to'
lower the pH to -5.:,;af necessary. The‘mash (moromi) was
left .to ferment at room temperature and was Stirred three
tlmes 'weekly; A small portion was taken for total soiuble

: SOlld and pH measurements every 3 - 4 days throughout the

fermentatlon whlch lasted 5 wk. }%ﬁﬁ
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3.4 Extraction and éasteurizatién

'

3.4.1 Equipment

1) Hand press =~ |

\..

. 2) Polycafbonate centrifuge bottles, 250mL capacity (Beckman
~ A _ - .
- Instruments Inc.. Fullerton, CA)

s

- 3) Preparative ultrééentrifuge equipped with JA14 rotor and

a speed of 10000 r.p.m.. (Beckman Instruments Inc.,

Fullerton, CA) _ .
4) Temperature controlled water bath with temperature

preselected at 75°C (Fisher Scientific) . - T

5) Filter pads: Whétman No. 1, 7.0 cms ;diameter (Fisher»h

. !
P

Scientific) : RN

3.4.2'Ptocedure v N

2 Fermented moromi was pressed manually to extract the

2
t

liquid from the cake. The liquid was pasteurized at 75 C for
30 ‘min 419 a temperature contréi&?d water bath and was then
cooled siowly to allow precipifation Jof proteinaceous
shbstances' ~ and othgf suspended particles. . Further

cs;iification of the. turbid liquor was performed by .

cebtrifugatidym at‘10(000 r.p.m. for 30 minutes} followed by h
Vaéhum tion. The ;esﬁltanp clear canola sauce was-
ready to be bottled. e

The.gntire maﬁufacturing process of canola sauce ‘ES"‘
illustrated in Figure 17. _ . .



50 gground Canola meal
+

210 mL water
+

15:39 mL Alcalase 0-6L

. o.
enzyme hydrolysis at 69 C, 2h,pH9

wdter —_——— .
- mash total of 250 mL liquid ‘
..  adjusted pt-ll to 5'5 with conc.HCI
d , v
140 mL liquid ) " residual: mash
+
salt . 50g roasted, ground
Wheat |
. + kY .
i Aspergillus culture
18%% brine ‘ incubated ( Koji)
‘ at 28°C, 72 hrs.
. ( -
- . L ]
* adjusted pH to 5-5 with ,
conc. lactic acid N
S(if hr:essary) :
Moromi

fermented at
ro temp. for 5 wks.

N

pressed
L

g
-

cakel' ' li"&uor.
i .
Dasteuizid 75 %/30 mins.
centrifuged 10,000rpm

canola 3auce

&

Figure 17 Flow chart of enzymatic >D"0duétion of canola suace
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+3.5 Analysis of Canola Sauce

\
. » \
3.5.1 Fractionation of Soluble Components

.o . \\ T

3.5.1.1 Materials and ehuipment
a) Cation exchange resin:
Dowex = 50w-x8, 100-200 mesh in H+ form (Bio-Rad.

‘Labs. Richmond, CA)

b) Anion exchange resin: ° .
Dowex 1-x8, 100-200 mesh in Cl- form (Bio-Rad. Labs.
Richmond, CA)

c) EGaporator:‘Buchi Rotavapor-R with water~bath maintained
at 30 °C. (Foss Electric Canada Ltd., ‘408 Pitt St., -
Corﬁwalb, Oont.) .

‘Preparation of catiqn.exqpinge coluﬁn"”‘

Cation exchange resin.was washed .~ several times with

distilled water and:suséended in the starting buffer with pH
adjusted to 1.0 by adding 1'M HCl dropwise to water while
stirring continuously. Fﬁrther addition of the acid might Se
heceSsary to maintain the pH of the élurry . The resin was
then' transferred to «a'glass column (60 x 1.5 cm i.d.) and
filled up to 15 em. To équilibrate the colﬂﬁn, the starting
buffer was passed through the column s}owly until no thange
in pH was noted in the effluent. |

Preparation of anion exchange column"

Anion exchange resin, in Cl- form, was first converted
to HCOO- form according to the procedure suggested by the

Bio-Rad ion exchange manual. The resin was equilibrated with



P 1

T

0.5M NaOH in the similar manner as described above.'

¢
3.5.1.2 Procedure :

Canola sauce sample was diluted 20 times with distilled
water. Ten mL aliquot of the diluted sample was adjusted to
pH 1.5 - 2.0 with 1M HCl ;and ca;;fully poured into -the
cation exchange column. The sample was allowéd to penetrated
the column slowly Qntfl the liquid was level with the top of
the resin.‘Thg column-was then washed with 70 'mL water at a
rate of approximately ! dr?p per second. Seventy mL effIJent
.was collectea and further subjected to thesanion exchange

column. Again, the column- was washed with 70 mL water and

another 140 mL effleuent was collected. This effluent was

evaporated and reconstituted with 5 mL distilled water. This

fraction contained neutral compounds such as sugars and was:

10 times less concentrated than the original sauce.
The'c;tion exchange column was eluted with 140 mL of 4M
NH,OH, rapidly in the first 3b‘mL &nd then'SIowly at about 1
drép per second for the la;t.;110 mL. The euent was
evaporated to drfness until free of .ammonia. To the residue
was- added a few drops of HCOOH énd rerevaporated. The
residue waé recbnstituted 5ith 5 mL distilled water. This
fraction consisted of 10 times diluted amino acids and other

nitrogenous compounds as present in the sauce. '

%hef anion exchange column was eluted with 80 mL of 4M -

HCOOH with flow rate adjusted to about 1. dfop pér second.

The eluent was collected and evaporated to dryness and free

of pungent odor. The residue was redissolved in 5 mL water.

1
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This fraction represented 10 times dilufed organic acids as
founé in the-sauééjsample.‘ o
The fractionation procedure was‘billustrated in ‘the
flow-chart (Figufe 118). | |
To regenerate the catibn exchange coiumn,‘70.mL of 2M
HCl was used lté wash the resins. Both columns were

equilibrated (see 3.5.1-27 before the next sample was -

applied. -

Elution efficiency test of cation exchange chromatography

Eiu;hon efficiency of the cation exchange
chromatography was tested indirectly in- this 'experiment.-
Since sauce samples prepared varied in their amino nitrogen
contents, 10 mL aliquot of 20.times diluted commercial soy
sacue was chosen as a standard for the efficiency test. Ten
.mL fractions of eluate after ammoniummhydroxide elu;ion from
the column were collected, evaporated and redissolved in
water as <described in the procedure. The reconstituted
fraction was then tested :or the presence of amino nitrogen
with ninhydrin. Absence of amino nitrogen was found at the
twelfth fraction (i.e.’? 120 mL eluent). To.assume complete
elution of 'sample, an addiftional 20 mLe of ammonium
hydroxide were wused to wash fhe column, bringing the total
| quantity of the eluent to 140 mL. ’

Elution efficiency test of anion exchange chromatography

Elution efficiency of anion exchange chromatography vas
tested in the (;2?“ manner as that in the cation exchange’
10

column , i.e., fractions of eluate after HCOOH elution
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.\\ ,
120X diluted

Cat?ola sauce

"r‘-;‘ l 10 mL _aliquot

15 x 15 crr% Cation exchange ”'column
H*, Dowex 50w - X8 , 100 ~200mesh

.o

' ¥—70 mL water

70 mL effluent e

-22x1-5cm «non exchange amn .
HCOO ~, Dowex 1 - X8 *00- 9" mesh __1
'70 ml water '
140 miL effluent |
s

evaporate .

redissolve in 5mL distilled water '
: e -

Neutral Compounds | , -

v ,
140 mL 4MNH,OH © 80 mL 4M HCOOH \«—1
eluate’ _ ~ evaporate
 evaporate : | redissolve in 5mL”
«—— a few drops of HCOOH distilled water
redissolve in 5mL distHled P
water " \
. Organic Acids - \\ y
..;\
Amivno Acids A _ .

+ .
Nitrogenous Compounds

Figure 18 Frjactjonation of soluble components in canola sauce
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vere collected and injected into the HPﬁC%;nitfdsed for
organic acid anaiysis. Absence of brganic écid"ﬁas found at.
the seventh ﬁrgction (i.e.,  after the additoﬁ of 70 mL
eluent ). To assume complete élhfioﬂ/ of-. sample, - an
aaditional 10 mL of HCOOH was used fto wa§h’the column

bringing the totél quantity of the eluent to 80 mt.,

3.5.2 Ahalysis of Nitrogeﬂ Containing Compounds

3.5.2.1 Quantitation of émino nitrogen
| One mL aliquot of the cation —‘exchanged fraction was
diluted 10 times with deionized -water. 0.5 mL of this
.diiuted sample was reatted with ninhydrin solution according
to Rosen (1957), Tﬁe resulting sample-ninhydrin solution was
further .diluted by addiﬁg‘QO mL of'isopropyl alcohol;water
diluent. Amino niirogen content of the sample was measur®ed
coloriﬁetric;lly at . 570 am and the value in mMoles leucine
equiGalent/IOO mL sauce of amino nitrogen was obtained from
a standard curve. -

The standard curve was prepared by using leucine as the
amino nitrogen source and 20 mL iécpropyl alcohol-=water as

diluent (Figure 19). :

3.5:2.27 titation of total soluble nitrogen
Micro-kjeldanl analysis adapted from Pearson (197%) was
used to quantitate total soluble nitrogen of the sauce. The

sample size used was less than 0.5 mL.
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3.5.2.3 Analysis of amino acids by means of Automatic Amino

Acid Analyzer !

One mL cation exchange eluent was first diluted 5 times
~with HCl (pH 2.2). The sample was transférred into a storaée.
coil wusing a ;syringe. The ;amp}e storage coils were then
placed on the turntable of the automatic sample injector.
Analysis of' amino acids was performed automatically in a
Beckman Amino Acidv Analyzer = Model 121 MBW (Beckman
Instruments, Inc., Palo Alto, CA). Three buffer éslutions of
pH 3.28, 3.90 and 4.95 with flow rate adjusted to 10 mL/h
were employed to elate the am'noﬂécids presént in the sample
through the AA-10 colnmh with temperature programmed to 50 -
65  C. Amino acids after the elution were reacteé with
ninhydrin reagent (Flow rate at 5 mL/h) in a heated reaction
bath. Color intensity of the amino acid r,ninhydrin complex
was detected by a colorimeter installed in the same unit.
Caoncentrations of each amino acid in the saméle was
calculated and recorded in a Beckman Model 126 Data System.

The qperating procedures and reagents requiied for the
analysis were described in‘Ep; Users' manual provided by the
companyﬁ All standard “puffers and reagents used for the
analysis were purchased from the same cqmpany.

L e

3.5.3 Analysis'of Acidic Compounds

3.5.3.1 Quantitation of total titratable acidity
Total :acidity of the sauce was determined by titrating

! mL aliquot of the anion -~ exchanged eluent - with 0.005M



&

NaOH using phenolphthalip as an indicator.
. o :

B

3.5.3.2 HPLC Analysis of Organic Acids

Mater1als
a) citric. acid - aghydrous (Slgma)
b).1so - ;xtrlc acid -« 93-98% crystall;né (Sigma)
c) pyruvic acid -~ 99% (Sigma). | | -
d) mallc acid - 98-100% crystalline (Sigma)
e) trans - aconltlc acid - 98-100% (Slgma)
£) glyoxyl1c acid - 98% (Sigma)
g) succinic acid‘- 99% (Terochem)

h) formic acid - 97% (Aldrlch)

i) lactiec acid - 88% analytical grade (Terochem)

j) propionic acid --99% (§1gma)

Equipment:
1) HRLC unit

The HPLC unit was manufactured by

. 88

Bio~-Rad

Laboratory, Mississauga, Ont.. This unit consisted

of a Model 1330. HPLC pump, a strong cation

exchange -

column,, 300 if 7.8 ,mm, packed"witn Aminex HPX - 87

resin, a mioro-guard HPLC column, a . model 1305

ultraviolet spectrqphotmetr1c detector

standard deuterium ,lamp, and a flatbed

with a

chart

recorder - model 1321. A model 7125 syringe sample

injector (Rheodyne Inc., CA) was used for.

- 20ul, of sample loadinga

constant

2) Centrifuge 'IEC Model HN-SII  (Damon/IEC Division,

s : M \
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P

o

International Equipment Division, Needham Heights, MA)

Procedure
Organic acid fraction obtained after anion gxchaﬁge
,chromatography Qas decolorized ,py shaking witﬁ‘ a .
small amount of charcoal, followed by ‘centrifugation
'befo;e it was analyzed.  The followiné conditions
were employed 1in the éaalysis of organic acids by
HPLC: _
- the mobile phase was 0.012N H,SO, with flow rate
at 0.8mL/min. -
.- cblumn_temperaﬁure was pre-set at 65°C
- the ultraviolet detector was monitored at 210nm
with attenuation of'0.02 or 0.04. |
Each sample was analyzed at the ' attentuation of 0.02
‘and 0.04 and the results were recorded dn a chart recorder.
Identifisgtion of’sample components was carried out by
comparing their retention times with those of the pure
standards. These'weée further confirmed by using ' spiking
technique which involved'.an ‘addition of known standdrd
c,or:c_;anic' acids into the .sample, one at Lad time, and
identifying the peaks that increased in height.
Quantitétion of organic acids iﬁ the samples was
"performed by comparing peak heighfs of the sample with the
calibration cyrves (Figures 20 - 24). Amounts of standafd
organic acids (w/v) used in the calibration curve were based

on the amounts of those found in the. commercial soy sauce by

Ueda et al. (1958).
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3.5.4 Analysis of Sugars
3.5.4.{ Determination of reducing sugar
One mL aliquot of the neutral fraction after . the ion
exchange chromatography was reacted. with 25 mL each of
Fehling solutions. in a 400mL beaker. Water was added to make
a final volume of 100 mL. The solution was boiled‘fof 6

»

minutes. Amount of cuprous oxidg produced, equivale&t to.the
amount of reducing sugars, was colleé;ed and gquantitated by
titrétién with sodium thiosulfate. Weight of invert sugar
equivalent was obtained by comparing the result with the
weight of copper "in the  Munson and Walker, tablé.i
Concentratiop 'of'reducing sugars was reported as percentage

of invert sugar in the sauce sample. (A.0.A.C. 1975, Section

31.038, 31.0407—31.041 and 52.018).
3.5.4.2 Determination of non-reducing sugaf

Saﬁple fnversion

One mL of neutral fraction was pipetted into a 50 mL
volumetric flask containing <C mL of water. Ten mL of 6.34M
* HCl was added slowly, while rotating the flask. The flask
was placed in a.water bath with temperature set at 60°C. The
solution was agitated continuously fo;\about,3 min. and left
in -the bath for e#actly 7 min. longer. After the inversion,
‘the flask was placed at once in water at 20 °C‘ until the.
content was cooled to room temperature. The invert solution

was neutralized with NaOH and diluted to the 50mL

mark(A.0.A.C. 1975, Section 31.026).
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Analytical procedure

Twenty five mL each of copper suifate and alkaline
tartrate solutions was Atransferred to a 400mL beaker. The
invert solution was mixed with the. reagents and analysed for
reducing sugar content as described above. ‘

Reducing sugars were determined as invert sugar using
the- Munson and Walker table. Percentage invert sugar
obtained 1in Section 3.5.4.1 was subtracted from that
obtainea in this experiment. The difference was multiplied
by 0.95 to obtain %sucrose. Amount of'qnon-:educing sugar

present in the sauce sample was expressed as %sucrose in, the

sauce.

3.5.5 Total Soluble Solids Measurements\

Small amount of moromi samples were pressed and tofal
soluble solids (TSS) in the liquor was measured once egery 3
-4 days throughout the entiré fermentation process. The% TSS
in  moromi- and sauce samples were measured with TAbbe

refractometer (Carl Zeiss, West Germany).

3.5.6 PH Measurements

PH of saﬁples were measured with an expanded scale

~Fisher pH meter.

3.5.7 Sodium Chloride Determination . f«
Sodium chloride was expressed in terms of %chloride in

the sauce. This was measured in terms of electrical

[N

. , \B-
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o

*potential (mv) at 25 C wifh a Fisher Accumet Selective Ion
Analyzer Model 1750 (Fisher Scientific Company, Pi;tsburgh,
PA), and a chloride electrode model' 94-17 (Orion Research
fnc., Cambfidge,vMA). |

The dip-cell and the instrument was cal&bratied with a
KCli standard solution, suppliéd by the manufacturer,
according to the instrumenf's operation'manual.

Calibration curve prepared with standard solutions of
NaCl was used to convert readings of 100X diluted samples to

%NaCl (Figure 25). Each sample was analyzed in triplicate.

3.5.8 Colorrngasurement

Color of the.sauce was measured by means of the’ Hunter
L,a,b Colorimeter model D25L-2°- and detector model D25
Optical Head (Hunterlab, 9529 Lee Highway, Fa}rfax, VA). The
instrument was first standardized with different' colored
ceramic tiles according to the users' mannual suppliedﬁéy:

the company. Twenty mL of sample were poured into a = petri
. !

x
_dish and/ L, a, b readings were recorded.

/-
I

3.5.9 Moisture Content De;ermination
_ o

&«

About 0.5 g of koji sample was put on a piece of
weighting paper.and 'wasi put in‘,aé Automatic Volafiiity
Computier model. AVC-MP (CEM Corp., Indian Trail, NC) for 12
minutes. Water content of the-“sample was déferhined and -

recorded automatically by the instrument. °

/
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3.6 Sensory Evaluation

Three sensory evaluation sessions were conducted to

compate the 5 canola sauce samples, produced from

enzymatically pfehydrolyzed canoia meal , with three

commercial soy sauce sampies purchased from a local store
(Kikkoman shoyu, Chinese soy sauce and China\Lily).

The panelists for all 3 sessions consisted of 10 staff
and students. in the Department .of Food Science, the
Uﬁivérsity of Alberta. The samples were scored on 9 point
scale, 1 being the least preferred and 9 the most preferred.
Th;ee attributes of the sauce were studiea vig.,“aroma,
taste and overall accepﬁance. Individuals were also asked to
comment on vthe sample§. The results were statistically
evaluated with analyses of variance and Duncan's Multiple
Range Test.

The first session was to compare the following samples
: (1) canola sauce (CS), fermented for 5 weeks with
A.o;yzaef the moromi was adjusfed to pH 5.5 béfore the

fermentation; (2) CS as (1) but with A.sojae; (3) as (1) but

with the mixture of A.oryzaé and A.sojae; (4) as (1) but the

moromi was adjusted to pH 6.5 at the beginning g?‘fﬁe‘mofomi
fermentation; (6) commercial Kikkoman soy sauce.

The second and third sessions were to compare the 5
canola sauces (sample (1) to (5)) in the same manner as in
‘the first session but sample (6) was réplaced with
commercial Chinese soy sauce and China tily, a chemicél soy

sauce, respectively.

!



¢. RESULTS AND DISCUSSION
4.1 Optimization of Enzymatic HydrolfSis on Canola-meal

The enzymé used in this reéearch was Alcalase 0.6L, a
pr§teolytic enzyme prepared commércially by  submerged
fermentation of a selected strain of Bacillus Ticheniformis
, purchased form Novo Industri A/S (Novo Alle, DK-2880,
Bagsvaerd, Denmark.) It consisted ﬁainFy_of Subtilisin A
(subtilisin Carlsberg) which was an‘endoproteése of serine
type. It jydrolyzed almost allb.kinds of protein, especially
plant proteins, producing soluble low molecular weight
peptides. Lacroix et al. (1983) found that low molecular
weight peptides libétatea by the enzymafic hydrolysis of
rapeséed protein improved nutritive value of the product as
well. .

Attaining maximum solubilization of pfotein in the
substrate was a desirable -aim in protein _hydrolysis,.
~especially in sauce bproduction where the sauce was
essentially a liqu}d protein ‘hydrolyzate. Therefore,
hydrolytic conditions such as temperature, pH, enzyme
coﬁéentration, reaé;ion time etc., must: be determined so-
that maxium enzymatic activity could be achieved.

Technical data on Alcalase 0.6L provided best
con%itions as 60 °C, pH 8.5, enzymé concentration between -
0.02: - 0.3 AU/L and reaction time of 10 min.  The
'méasurements were based on a modified Anson method in which

pure hemoglobin was digested~by_the enzyme to liberate TCA

100
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soluble product which;could be measured colorimetrically as
milliequivalent of_tyrésine. Enzyme activity was reported as
degree of hydrolysis (DH) or %peptide bonds cleaved (Novo
Industri A/S, 1978). ™ |

Canola meal,. on the other hand, 1is a complex
heterogeneous system in which Snzymatic hydrolysis would
involve many biochemical de chemical reactions. Therefore,
the use of DH to monitof enzymatic activity in such a sytgem
might bé inadequate or unsuitable.

To avoid getting too involved in the attempt ' to

'

accurately | ée;cribe Alﬁalase ‘activity in canola meal
hydrolysis, however, it was thought best to use an indicator
’wpiéh coulé bersimply measured yet adequately reflected the
extent of hydrolysis. Total sbluble nitrogen (TSN). in the
hydrolyzate appeared to.meet these requirements;. therefore,
it was chosen as an index of Alcalase activity 1in the
: expe;iments to optimize hydroljtic conditions.
One—factor-at-a-tim? technique in which each factor
cdntrolling._bydrolyéic process was individually studied by
varying its‘levels~while keeping other factors constant was
first used in the optimization experimentsl This was to give
a coarse indication Qf optium values for these factors‘which
lcould. then be ' fine-tuned ' ;ith a more séphisticated
technique sudh as résponse surface methodology (RSM) where

.all factors were varied simultanously. Results of the

experiments are shown in Figures 26, 27 and 29 to 31.
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In the temperature eXperiment wvhere pH, meal-solvent
ratio, enzyme-substrate ratio and reaction time were fixed
at 8.8, 1:10 (w/v), 0.2 (v/w). and 3 h, Irespectively, sharp
ingrease in total soluble nitrogen was observed between 60
66 C (Figﬁre 26). In the pH study, maxium TSN waé obtained
at pH 9 (Figure 27). Note thét 1:12.meal—solvent‘ratio was
uséd in the investigation of the pH-effect while 1:10 was
used in.-other experiments. Adequate solvent, which was
buffer solution, must be used to maintain the pH of .the
system as a-amino groups and free ca}boxylic broups were
iiberated~during the enzymatic cleavage. in the pH study,
the ‘hydrolysis took place maidly under alkaline ¢onéition

-
(pH 8 - 10) which was above the -average pI value of the

"amino acids (pK = 6.0 at 25 C). (Figure 28). Therefore, a

greater‘quantitf‘OE buffer solutions was required in this
case in order to maintain pH at the chosen level; Higher -
£TSN was found in the pH curve as,coﬁparéd. to the :eﬁults
shown on the other  curv¢s as a;éo indicated  in the
meal-solvent‘ratio curve (Figure 29).

Figure 30 1illustrates the effect of duration of the
hydrolysis on TSN yield. Highest X¥TSN was found after the
hydrolysis had 'procégd for 2 .h, f@llowéd byla‘subétantial_
decrease. It was noted that the céhola meal gonsisted of aﬂ
abundant .amdunt of reducing sugars,'iand the inchbation;

condition (66 C and pH 9) were quite suitable for Maillard

reaction to take place. The abrupt decrease in X%TSN might,
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therefore, be attributed to theffact tha:\part of the TSN
reacted with reducing sugars inl the mash. The rgsultant
amino-carbonyl might subsequently condense and polyﬁerize
with each other, leading to the produétion of,color pigments
of melanoidin compounds. Such an Aassumption was, i’ indeed,
supported .by the fact that the mashes after enzymatic
hyarolysis appegred darker than those before the incubation.
Furthermore, reaggregation of soluble proteins to insoiuble
complexes migkt also occﬁ;. Together, they might accoﬁnt fo;
the drastic deﬁrease in TSN in ihe mash after 2 h.

It is ghteresting to note that there was no specific
tfend 'éf enzymatic - activity, as- measured by %TSN, to
indicate the effect of enzyme-éubstrafe ratio (Figure 31);
The results appeared to deGiaterfnom‘thg general rule of
enziQﬁ kinééics. Nevertheless, .it is possible that- in a
complex system such as  canola meal, many factor méy
influence thg TSN yield. For example; high cellulose fiber

Conten; in canola may prevent easy access of. the enzyme to

the substrate, and reactions between parts of proteins and

- other plant materials present in the meal mightgmake the

hydrolysis more difficult. It is also possiblé that because
of high substrate concentration, the activity of the enzyme
might already have reached the.plateau, and further increase
in enz&matic concentration would result in its decline.
Again, it should be ﬁ‘emphasized. that the term
'‘one-factor-at-a-time' did not truly reflect the actual-

changes in environment when all factors‘%ere present

9
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simultaneously. Since it was impossible to inveséigate a&l
factors involved in a complex substrate system like canola,
only a few known rate qontrolling factors were chosen,
Therefore, these preliminary experiments only servgd as an
initial probe to .indicate the regions.in which the chosen
‘factors should be more fully evaluated. Further "evaluation
could then be dome with a more sophistcated experimental
design such as the response Surface methodology (RSM) to
pinpoint the ~optimum values of the factors for the process
~more %fcurately.

Due to the- experimental and processing limitafions,
meal-solvent ratio and the duration for the hydrolysis were
fixed at 1:10 (w/v) and 2 h respecCtively. The remaining
three parameters - temperature, pH and enzymé-substrate
ratio were the only féétors subjected -Eo‘ further
optimization with the RSM. |

Meal-solvent ratio  was fixed‘ét 1:10 (w/v) due to the
fact that there was no significant incfease in extractable
soluble nitrogen beyond this“value (Figure 29). Moreover,
the aﬁoupt'of water added to the mash was 1limited by ‘the
. sauce concentration. Too dilq;ed a sauge woﬁld, of course,
fall short in its organoleptic characteriétic, while too
high a meal - solvent rat;o would hamper protein extraction
as well as increase the-.production cost of - the saﬁce.
Therefore, a cémbromise between maximal‘protein extfact{on

and acceptable sauce concentration had to be achieved. In

the conventional manufacturing of soy sauce; a ratio of 1:3
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soybean to water (w/v) was used (Hesseltine eod Wang, 1979),
"In order to obtain a higher experimental accuracy‘ for
optimization purpose, an ’M/S proportion of, 1:10 was
employed However, once optimum condieions for enzymatic
hydrolysis had been established the higher ratib of 1:5
»(w/v) was used in subsequent experiments of sauce production
as it represented the point whefe the TSN curve ehtered‘the
plateau (Figure 29).

According to the technical data supplied by the
company, ﬁhere were:tyo\ways to inhibit the enzyme activity.
Firstly, the enzyme-substrate mash was brought to " the
temperature ebove 75°C for at least 30 mio. Secondly, the
mash was adjusted to a very acidic condition, about PH 3 - 4
for 10 min. Neither of these methods appee;ed to be
appropriate for the present experiment, i.e., to obtain a
ma#imal amount of TSN. High temperature employed in the
‘former ‘method . would lead to the coagulation of soluble
protein to insoluble form, whereas, the latter might hinder
subsequent mold .oropagation during koji preparation.
'Nevertheless, since extraction of liquid from the mash was
done right after the hydroly51s, followed 1mmedrately with
the TSN analysis, 1t was dec1ded that enzyme 1nh1b1tion was.
not necessary for this experiment, and that results among
the samples would be comparable as long as the experiments
were performed consistently. | -

Central Comp051te Rotatable Design was employed in the

RSM. The technique was not used to gain understanding of the
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physical mechanism of the system, although it might assist
Ain gaining such knowledge. The'éxperimental gesign is said
to be rotatable since the variance of the predicted response
y at some point X(s) is a function only of the dist;nce of
the 'point from the centre, and not a function of its
_ direction. This implies that the variance contours of y are
concentric circles. Furthermore, a design with this property
will leave the variance of y unchanged when the design is
rotited ajout the centre (0,0,0), hence the name rotatable
design (Montgomery, 1984). Five replicates were made at the
central coding condition (O,Q,O), i.e., temperature of 68 C,
pH 9 and enzyme-substrate ratio of 0.3 (v/w). This was used
to test the lack of fit for the entire experiment.

Table 5 showed the yields of TSN with the ofresponding.
Qalues'qf temperature, pH and enzyﬁéFsubstrat ratio.

The second order polynomial equStigE/yétainéa from the
analysis of multiple regression on the coded data (Table 6)
was |

y = 0.479 + 0.0083%, + 0.00077X, + 0.011X,
- 0.015%,* - 0.020%,* - 0.023%,* + 0.012X,X, +
0.0051X,X, +:0.00073X%X,X,

Examipation_of the fitted model with student's t-test
indicated ‘that all‘quadratic terms (X,*, X,%, X,%)with one
.linear term (X,) and one ‘interaction term (X.X;)' were
significant ‘at 95% level. The F-value and the correlation .

coefficient of the overall model was 11.27 and 0.96 which

~
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were also significant at 95% level. The lack of fit of the
experiment was inSignificant. All these implied that the
fitted model was appropriate for thev‘description of the
response surface. With theuregression coefficient obtained,
stationary point of the fitted- su{face wa§ computed
aqcording téf the equations'sﬁggested by Smith (1982). The
predicted yield y together with the coded and natural
_vafiables of the 'stationary. point (X,), which were well
within the expgriment limits, are shown in Tablé 7.

To characterize the stgtionary ‘point, Eanonical
analysis was performed on the second o;der poiynomial
équation. The analysis’ was used to transform the fitted
model ‘to a new co-ordinate system Qith the origin at the
stationary point (X,), and then the axes of tﬁe system were
'{otated until they were parallel to the principél axes of
" the response surface; The transformation was performed by
means of the computer program in/APL language.

The canonical form of the second order polynomial
| equation demonstrating the natﬁre of the response surface
was giyeﬁ by

%

Yy = 0.4813 - 0.01604W,* - 0.02188W,* - 0.02528W ,*

2

where W,, W,, W, were the axes of the response surface. Note
that all the eigenvalues (-0.01104, -0.02188, -0.02525) were

,negative indicating that the stationéry point was in fact a

3

P 4
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maximum with the surface §iightly extended to the W1 axis
(Myers, 1971). Three d1mens1ona1 graph f1x1ng one varlable
at a time were plotted, as shown in F1gures 32 to 34.

Using the condition obtained at the stationary poifft
(69 C, pH 9 and enzyme-substrate ratio of 0.31), the

experimental resuit_ of %TSN was found to be 0.4882 which

v
closely agreed with the computed optimal yield of 0.4?13.

-

4.2 Koji and Moromi Preparations
Results obtained from the previous experiment (Table 7)
showed that the optium conditions for canola meal hydrolysis

by Alcalase 0.6 L were : 69°C, 'pH -9, E/S ratio of 0.31

(v/w), and 2 h reaction time. Meal-solvent ratio of 1:5

instead of 1:10 (Q/w) was employed in the enzymatic
hydrolysis due to the reasons stated eerlier.

Sodium hydroxide, automatically‘fed in by the pH-stat,-
instead of buffer solution, was used in this experiment so
that ionic strength of the mash would be lower and higher-
TSN could be produced. A yield of 0.848% TSN instead of
0.488%TSN as shown in the optimization experiment was
obtained when the enzyme hYdrolyzate~wa5\prepared with NaOH.
The substantially ‘high result of %TSN ;ight also be
attribﬁtéd‘fd“fhe low M/S ratio employed ’ ‘

In order to have an approprlate wold propagatlon pﬁ of
the mash was adjusted to 5.5 and the liquor was extracted so
that around 40 -45% moisture would be retained in the mash.

It was noted that occasional stirring of the mash during

-t
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fermentation was necéssary in ofder to aerate it for - proper
‘mold growth.

To prepare the ‘koji, mash residue was mixed with
roasted ground wheat and Aspergf/]lus culture and incubated
at 28°C for 72 h.; Four sampies inoculated with different
cultures were invéstigated These included 2 two Sample
1noculated -with A.oryzae, one with A SOJae and oﬁés witﬁ a
comblnatlon of A.oryzae and A SOJae mash -

"After incubation, the koji was covered with greenish
yellow mycelia with a sweetish and a slight ammonia smell.‘
fts moisture content dropped from 40 - 45% tb around 28%.

Since éll the fequireé solvent had already been added
to the canolé meal during the edzymatic hydrolysis, further
addition of brIme to pfepare moromi would. result in
excessive dilution of the sauce. Salt'yas, thefefore, added
to the ‘extracteé. Iiquor (enzyme hydrol&zate) in order to
prepare the 18% brine. The salted enzyme hydrolyzate was
then added back to the mash to fac111tate; subsequent
fermentation. It would served as an 1mmed1ate source of
nutrient. fbr the bacterial growth. Soluble pepéides were
further broken down to amino acids and other nitrogenous
compounds while simple -sugars were converted into organic
acias bdufing the fermentation. One - of . the ‘ A.oryzae
inoculated kojis was adjusted to pH 6.5 in ofdei to study
the effect of the acid fermentation. The remaining three
-koji samples were adjusted to pH 5.5. The PH was expected to

drop to below PH 5 after the acid fermentation so that yeast
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growth could be initiated.

4.3 Changeé in total soluble solids and pH during Moromi
Fermentation i

Fermentation of moromi in this experiment relies on the
spontaneous growth of  natural lactic acid bacteria and,
perhaps, yeast. The total soluble solid»(TSS) contents of
.‘most of the moromi liquc 's increased steadily from 28% to
35% during the 5 weeks incubation exéept the‘one,inoculated
with A.oryzae with pH adjusted to 5.5, where the TSS content
began at 32% and then rose to 38% after 5 weeks. All samples
had-a relatively rapid.increase in solugl%ysolid§ within the
"first one to two weeks of fermentation ffter which the

R

incfeasevbecame‘more gradgal until the plgggau was reached.
in'the‘fburth'week(Figure 35). \

Ooraikul et al. (3980) reported that there were -two
rises of TSS' in cénola ‘saude prbduced by -the ‘the
conventional fermentation. The first rise was interpreted as
‘due to the adid‘fermentation by bacteria while the second
rise was acﬁounted for by alcoholic fermentation of the
yeast. It is doubtful that the two. rises &;f the TSS in the
moromi with A.OPyZae and’initial bH of 6.5 shown l%n the
graph kEigure/ 35) vere the same ‘as those reported by
OOraikul:ét al.'({9803.~Yeast fermentation could not have
been ini;iatea since the pH of the mash waé still‘highqr
than 5.0 as was the case in a11 fi§e samples te§ted‘ (Yoﬂg'

. and Wood, 1977b). The two rises Qbsefved;‘therefoge, might
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be due to the fluctuation of growth of other microorgaﬁisms
during the fermentation.

Sarkar et al. (1979) reported that the increase in
soluble solidg during the first ten weeks of conventiohal‘
fermentation was due mainly to acid fermentation where
carbohydrates in the substrates Qere converted to sugars and
organic acids and proteins to amino acids. The production of
acids would account for the gradual decrebse in pH. The
results in this experiment support their findings since the
increase in ‘ TSS in the first one to two weeks of
fermentatibn was‘accompanied by a gradual decline of. pH‘ in.
the“mashes (Figure 36). There was only slight decrease of pH
from 5.5 to 5.2 in the sample with A.oryzae and the one
inoculated. with a combination  of A. oryzae and A.sojae. The
A.sojae inoculated mash, on the other hand, did not show any
detectable - drop in pH. A.more hotiéeable decline was found
in the mash prepared with A.oryzae with the " initial pH of
6.5 where a drop from 6.5 to 5.6 was' observed in the first
two weeks of incubation. In all samples, pH approaéhed its
minimum after the second week and remained basically
unchanged until the fermentation was‘terﬁinated (Figure 36).
The very slow decrease in pH in the mashes might be
attributed to thé high buffe;ing éépadity of the moromi ’
~and/or theldefibiency of41act1c acid fermentation. The acid
fermentation would have been more prominent if lactic acid

bacteria were inoculated into the mash.



125

g

-

30Nes e|oOued jJO UOL}ONPOJd D )eWAZUI Butunp Hd ui sabueyy gg m;:@I,

( ¥%@M )  dwi]  uoljejudwiay




126

,'When the results are compared with the TSS and pH of
the mash prepared by partial acid hydrdlysié (42% and 5.2,
respectively) as reported by Ooraikul et al., (1980), the
finél TSS contents of the sample in this experiment seemed
to be lower while the pH was comparable. However, it shouldf
be noted that 1:3 meal-solvent ratio was used in the
preparation of acidthdfolyzate-while 1:5 was wused- in the
enzymatic hydrolysis. if soluble.solids concentration of thé
two mashes were calculated based on the same solvent - meal
~ratio, they would be quite similar or, in faqt, slightly
"~ higher in'the enzyme-prepared moromi. highef. o
Comparable .%TSS (36% vé. 34-38%) were found between a
commercial soy sauce and the samples produced ‘in  this
experiment. However, pH of the commercial product was 4.9 as
coﬁpared to 5.1 - 5.6 of the canola saugé samples. If is
Quite obvious that greater degree‘ of acid fefmentation
occurred in the commercial product in ‘whiéh conventional
fermentation methéd with an ‘artificial ‘jnoculatién of
Jactic acid bacteria was employed.

<

4.4 Composition of Canola Sauces

4.4.1 Nitrccen Containing Compounds

4.4.1.1 Total soluble nitrogen (TSN) and amino nitrogen (AN)

Q

. Table 8 shows the TSN and AN contents of the canola
sauce, .= commercial soy sauce as well as the enzyme

hydrolyzate. Nitrogen yield and AN/TSN ratios are also
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presented. These two charaCteristics serve as quality as
well as price indices for commercial soy sauce.

TSN contents of the canola sauce samples varied from
1.12 to 1.34% which were slightly lower than that of a
commercial soy sauce sample (Table 8). A concentration of
1.5% TSN in Koikuchi shoxﬁ, which is slightly higher than
that of the Eommercia} sample_used in this experiment, was
reported‘by Yokotsuka, (1981). However, %TSN in sby sauce
.varied from brand to bfand,/and somgtimes even from year to
year of the same brand. The {TSN levels of the canola sauce
prgpared in this expefiment were, therefore, considered
comparéble to that of the commercial products. |

Samples inoculated with A. oryzae at pH 5.5 seeﬁeditb
have relatively hi;h ¥TSN contents, whereas that prepared
‘with inoculum but at pH 6.5 gave the lowest ¥TSN. This
indicated the important effect of pH on moromi ferm@nta;ion.

-High ‘nitrogen yield denotes an effective énzymatic
conversion Qé ;qw material protein to soluble form. Smith
and Circle (1978) reported that nitrogen yield on commercial
soy sauce was 73.% , which was used as the nitrogen yield in
Kikkoman shoyu. Samples inoculated with A.oryzae (c$1) and a
combination of A.oryzae and A:sojae (CS3) at pH 5.5 appeared
to gi@e nitrogen yields comparable to that of the commerciai’
proauct. | -
Degradation of —proteins  to -soluble nitéogen_in this

experiment could be roughly divided into two stages: (1)

'qnzymatic prehydrolysis of canola meal done by Alcalase 0.6L
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and (2) further dégradation of proteins and peptidés by
extracellular protease liberafed from Aspergil%us molds.
More than half of the nitrogen yield in the canola sauce was
attributed to the enzymatic action. Therefore, enzymatic
prehyq;olysis of . raw materials appeafed to be an effective
-means.to ensure high soluble nitrogen content in the sauce
product.

Canola sauce prepared in this experiment contained
amino nitrogen levels ranging from 0.66% to 0.80%, which
agreedNyell with the literature value of 0.88% in the
commercial Koikuchi shoyu (Fukushima, 1979). Again, as in
" the case of #%TSN, high %AN was obtained | in enzyme
hydrolyzate (Table 8) indicating the importance of the
enzyme in canola méal prehydrolysis.

Almost all of the samples had very high AN/TSN ratios.
A ratio of greater than 50% amino nitrogen to tota solublé
nitrogen is regarded as .an evidence of good qLality‘soy
sauce. fherefore, in terms of TSN, nitrogen yield, AN and
VAN/TSN ratio, canola sauce ‘preparéd .5n this experiment
appeared to have quality comparable to’ that of commercial
soy sauce. Among the vafioué samples prepared, the one
fermented with A.oryzae at pH 5.5‘appeared to give results

most/closely resembling those of the commercial product.

4.4.1.2 Amino acid profile
Amino acids and their concentration in various sauce
.Ssamples are shown in Table 9. Among the 16 amino acids

analyzed) glutamic acid and aspartic acid were the two major
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amino.acias in the products. According to Udo (1931),. thesev
two acids were responsible for the delicious taste in soy
Sauce. From the chromatograms, the peak of ‘ammonia was so
big that it overlapped with the histidine peak. Therefore,.
h1st1d1ne content could not be measured in this analysis. Inf
general, the. contents of amino ac1d in the commerc{al
proouct were higher than those.of the canola sauce. Cystinem
tyrosine and methionine were the only three amino acids in
the canola sauce higher than those of the soy sauce.
However, the concentration of glutamic acid, probably the
most important‘ amino acid thatv contributes to the
charactistic taste, was qbite similar in both canola and SOy
sauce. Vo ' L T
A substanti increase in frée\amino a?ids oocurred
during koji incubation as well as moromi ;ermentation. This
was well iiiustrated by the difference in amino acid 1evels.,
of the enzyme hydrolyzate and the sauce obtained after the
fermentation. Together with the results of nitrogen ylelds
in both enzyme hydrolyzato and fermented sauce samples, it
could be suggested that the‘sequence-of protein hydroiysis
/1n canola sauce proce551ng was as follows. complex protelns
in the raw materials were broken 1nto ‘small peptides during
the enzymatic prehydronlysis, tollowed by further proteolytlc
breakdown of the small peptiaes and rema1n1ng proteln% into

free amino acias and . other soluble nitrogen by mold

proteases during koji and moromi stages.
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4.4.2 Titratable Acidity hnd O;gahic Acid Profile

- Relativley low total titratable acidity was obtained in
all the canola sauce samples, as compared with thatiof the
soy sauce sample (Table. 10). These results were closely
reflected in the slow decline of pH' in moromis during
fermentation. As mentioned rearlier, deficient écid
_fermetnation due to the absence of artificial inoculation of
 lact1c acid bacteria mlght account for the \iow acidity in
the samples. ‘Total acnd exzsted in the sauce fermented with
A.sojae (16.65 meq.NaOH/100mL) was assumed to be essentially
.the result of the enzymatic @rehydfélysis sihce there was no
noticgablg.increase in acidity after the hydrolysis (i.e.
thaf of EH = 16.30 . med. 'NaOH/100mL) nor was there}ani
~significant change in pH during fermentation (Figure 36).

Onaga et al. (1957) analyzed Bhé/chémféal composition

of 7 brands of Soy sauce obfained from the \market. - Total
acidity of the 7 samples varied frOm'G 13 to 19.97 meq
NaOH/100mL sauce, whlch were lower than that of the results
'obtalned in thls experlment The dlscrepancy might be due to
the fact that straight tltratlon was performed without any
fractionation treatmeng by ‘Onaga et ~.al (1957). Alkali
. sﬁbstances prggeﬁt>in the samples might inferfere with the
titration and fherefore lower totalAacidity obtained.

. Examination of the HPLC chromatégram qﬁ_ organic acids
'of;the sauce samples‘fevealed that 11 major peaks were found
in the profiles. Among them, peakslnumber 9, 10 and 11 were

the most prominant peaks and were identified to be a mixture

/
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,of l;ctic, formic acid and acetic acids,-propignic acidz

gespectively; +Bach 1individual peak (Figure = 37-41) was[

identified’ by spiking the sample with standard organic
acids. The,aéﬁds presenirin the sauce wer; citric acid,
“isocitric acid, pyruvic -acid, malic acid, trans-aconitic,
glyoxylic, succinic, fomic, lactic, ‘propionic acid and two

' unidentified organic acids. Peak number 9 was suspected to
consist of a mixture of lactic and acetic acids. The two
acids had 'vgry. similar retention time and the lactic acid
peak was so big fhat it might totallyfovershadow the smaller
‘ce.tic acid peak. 'It has been"r;eported' by Kihara (1938 ) that
the concentration of lactic acia pfe;ent in soy sauce far
outweighed that of acetic aéidt Tﬁerefore, it is reasonable

to regard lactic acid as the ma}qr acid in peak  number 9.
The distribution pattern of brgaéjc.aéidﬁ in the profiles of
all the sample were remarkably similar to one another. .

| Organic acid bouquet of soyisauce was attributed to._
lactic, acetic, succinic and phosphoric acids (Yokotsuka,
1981). Anongv the 11 osganic ééidé, lactic and formic were

; the two Prominant acids in canola sauce (Table 10). Lactic
acid was characteristically the;most important :in fermented
soy sauce, whergas,'levulinic and formic "écids‘ were the
distinctive traits of chemical soy sauce (Fukushima, 1981).
The canola sauce preéared with enzymatic approach .had very

high concentration of lactic and formic acids, while no

levulinic acid was detected. The organic acid quality of
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TIME, mins.

Figure 37. HPLC chromatogram of organic acid profile

in ‘canola sauce prepared with A, oryzae

at pH 5.5

A
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Figure 38. HPLC chromatogram of ofgénic acid profilé
in canola sauce prepared with A. sojae
a&pHSﬁ . .
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Figure 39. HPLC chromatogram of organic acid profile
v in canola sauce prepared with A. oryzae
and A.sojae at pH 5. ;
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Fjgure 40. HPLC chromatoéram of organic ac%d profile

in canola sauce prepared with A. oryzae-
at pH 6.5 _ g )
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Figure 41 HPLC chromatogram of organic aicd profile in
commercial soy sauce: n



Total acidity
meq.NaOH/ 100mL
sauce s

Citric acid

lsocitric acid.

Fyruvic acid
UnKnown i
'Maljc acid
Trans-agonitic
. acid

Unkﬁown 2
Clyvoxlic acid
.Succinic acﬁd
Formic acid
Lactic acid"

Propionic acid

138

Table 10. Totel acidity and organic acid composilion and

concentration of cancla sauce and soy sauce

csi Csz cs3 csa K +,
2a.40 Wes 23,45 20.65 23.35 15 30
380 £33 2.5 &3 7.13 2z
255 .33 2.i8 1 oz.03 -
016 0.07 0.13  C.i3  0.i8 -
585  i.te  5.67  2.31  4.75 -
6.03 - 0.02 0.0z i .

g
- - - - - +- - - -—
5. 08 . : ; . i,
0174 - 6.74  C.52 g
14.12 i6.75 U/ §.85 i5.87 2.57

36.01 63.76 U/E, 74.58 87.88 -
10.90 -2.20 3.8 7.5 484.9 -

a Jrganitc acids were expressed in mg/100mL. B

-+ significant amount

+ presence
“ .

- absence

.I/E unable to estimate due to overlap”™

Sample ébbreviations are the same as in Table 8.
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quality of the canola sauce ﬁherefore appeared to'be between
those of the fermented and chemical soy sauce.

Examination of the organic acid composition indicated
that most of the acids had concentration similaf to that of

the commercial soy sauce, except propionic and lactic acids

which were present in lower quantities in canola sauce. The

deficiency of lactic acid present in canola sauce. again
suﬁported the conclusion -that there was an inédequacy of
lactic acid fermentation in the process. Formic acid, the
second major organic acid present in canola sauce,\had a
concentration comparable to that of thé fermented soy sauce.
Absence of levulinic acid together with the relatively low
quantity of formic acid in canq;a sauce might be responsible
for ‘its absence of the undesirable taste usually found in
chemical soy sauce (Reddy et al. 1982).

It was not -suprising that barely any‘organic.acidé were

detected in the enzyme hydrolyzate since the commercial

enzyme  used in the prehydrolysis  Stage_mwas‘ mainly

proteolytic enzyme. Again, it was an additional evidence to
support the suggestion that most of the;organip acids were
prodﬁced during the moromi fermentation.while amino nitrbgen
or amino acibs were rapidly generated”through the enzymatic
prehydrolysis :as well as the proteoiytic' break@own of

peptides achieved by the mold.

There is a slight difference between the concentrations

of organic acids reported herein and the data in.fhe

literature (Kihara, 1938; Ueda et al., 1879). For example,

<
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succinic acid, pyruvic acid, lactic acid in the commercial
soy sauce used in this investigation were lower than.those
in literature wvalues. This could be .ascribed to the

different products and/or different analytical methods used.

4.4.3 Salt Concentration ‘ J

Traditional soy sauce contaiés salt concentration of

around 17 to 21%. Too high a salt concentration reduces with

profein ‘digestibility and soluble ﬁitrogen yield, whereas,
too low a COﬁéentration may lead to the risk. of microbial
contamination. Sahples prepared in this project contained 18
to 20% salt. Table 11 shows the "contentration of NaCl in
various sauce samples. | ' o J ' |
4.4.4 Total and Reducing Sugar Contents

Reducing sugar concentration of the sauce was expressed

A

in terms of 'glucose equivalent, whgreas, xthét -of
-non=reducing-sugar-was reported-as—-sucrose—eguivalent:—Total
sugar content was therefore a combination of reducing and
nonfreducing sugaf values. Literature daﬁa reported about 4
to 6% reducing sugar content in most of the fermented soy
sauce. For example, the sauce produced bf Nbda Soy Sauce
Company contain approximately 5.99% reducing sugar, while

the koikuchi shoyu produced by Kikkoman Shoyu ‘Company

consisted of 3.8% reducing sugar. Canola sauce prepared by

enzymatic prehydrolysis in this research contained 7 - 9%

reducing sugar, while the commercial soy sauce sample was
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found to have 6.76% Total <.y. - contents of‘canola sauce and
commercial soy séuce were : . to be 8 - 15%; and 7.7%
respectively (Table 12). Since lactic acid b&ctéria.converts
simple sugars into orgaﬁic acids resulting 1in a émaller
amount of sugars and an increase in acidity in ﬁhe masﬁ as
fermentation proceeds, the difference in sugar 6o§%ents - of
the canola and soy sauce might be due to the differénce in
the length of time employe for the fermentation (5 wk. vs 1
year). Neveftheless, these fesults demonstrated a remarkable
similarity between chemical ébmposition of the canola sauce
and the cohmercial soy sauce. .

It Qas worth noting that the Munson and Walker sugar
analysis . méthod employed in this experiment was not very
accurate, especially in .ghe sampleé with minute
concentration. A reliaﬁility test was thereforé.performed
using pure gldcose and sucrose solutions with concentrations
similar to that present in the sauce. A deviation of 15% was
found among 4 replicates. These results might annotate the -
slighﬁ discrebancy found between the results obtained in
this experiment and those répofted in literature (Yokotsuka,
1981). Besides the inadequacy of the analytical method used,
erroneous results could also be madé by the :presence of
other reducing substances.

Sugar ﬁrofile'of the sauqe'was obtained with an HPLC.A
Unfortdﬁatély, separation of individual . sugars ~ was
unsuccessfully‘carried out. Sarkar et al. (1979) however

analyzed their canola sauce produced by acid hydrolysis
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and found that major sugars were glucose, fructose and
galacturonic acid with a minute amount of maltose, sucrose,

xylose and arabinose.

4.4.5 Color
Resultg of color measurement of canola sauce, enzyme'
hydrolyzate and commercial soy sauce are recorded in Table
13. Kikkoman shoyu with the 'a' value of 8.8 as compared
with 7.1, 6.0, 6.4, 6.9 of samples cs1, Cs2, CS3. Cs4,
respectively, appeared té be more reddish ,‘ while tne 'b'
values of 3.0,_ 2.7, 3.9, v4;6 in CS1, CS2, CS3, CS4 as
compared to 3.7 in Kikkoman shoyu respectively, 1indicated
insignificant ' dif erence\finvyellow ﬁint among the samples.
» Samples CS3 and C%E)with tﬁe L values of 6.6 ;nd 7.4 were
somewhat lighter as ocmpared to CS1 and CS2 with the value
of 5.0. | S |
‘Since color of the sauce is mainly due to the oxidation
of Amadori compounds and their intermediates formed‘"throﬁgh
the reaction between amino acids and sﬁgars, different
conditons, especially temperature ahd' time  employed :in'
production and pasteurization LK of the commercial.SOY sauce
and the sauce produced in this experiment‘might’explain ‘the
difference 1in color amohg the samples. Perhaps, the light
_reddish colof of Kikkoman soy sauce " was Adué to more
favorable fermentation conditions during  the .mash aging: -
(Okuhara and Saito, 1970c). Furthermore, different

constituents in raw materials would certainly affect the -
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Table 13 Color measurements of the canola sauces
and the commercial- sauce X

. L ‘a b
CS1 5.0 7. 3.0
€S2 5.0 6.0 2.7
. CS3 - 6.6 . 6.4 2.9
. CS4 7.4 6.9 4.6 ;
K 5.9 8.8 3.7 SN
EH 6.8 6.3 © 3.8
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colorization of the sauce as suggested by Hashiba et .al.

-€1981).

4.5 Sehsory Evaluation <>
. ' Three .sessions- of 'sensory evaluation were conducted

‘using either Kikkoman shoyu, Chinese soy sauce or chemical-
soy ‘saucé as a control in each session. Aroma, tagte and
overall acceptance of the samples were rated according .to
individual prekerence,

Results obtained from the analysis of variance and

Duncan Multiple Rangé test 6n the saores from the first
seésion indicateé that Kikkoman shoyu was superior in all
the three attributes to the canola sad@e samoles (Table '14).
The avergé&scores of overall acceptaﬁce for the canola sauce
(cs1, cs2, cs3, cs4) and}xékkéqgn éhoyu weée‘4.36, 4;59,‘
4.55 5.50 and 7.59‘resﬁectively.'From tﬁé genéral comments
of ,the panelists, - Kikkoman . shoyu - was scored the highest
because if its stronger- aroma andISWeef céramel taste. The
canola sauce, on the other hand, was found to have some raw
smell ana taste. The unpleasant sﬁell_in the=‘canola sauce
samples might‘bé'due mainly to insufficient pasteurization.

Compariéon of the canola sauce and Chinese so§ sauce in
séssion 2 indicated that the \panelists~ vere unable to

distinguish any dﬁfference in taste among the samples/\
(Table 15).‘ However, aroma of the canola sauce was still

rated inferior to that of the Chineée soy sauce. The rank

order of the aroma scores on the samples was Chinese soy.
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sauce, CS4, CS1, CS3 and CSs2. Duncan'sfhultiple Range test
of the fesults on overall ac;bptanée of the samples revealed
that sample CS4 was rated comparable to the Chinese soy
sauce, while the remaining samples were rated inferior. The
average acéeptance‘ scores‘ for the Chinese 'soy éauce, CS1,
céz, Cs3, Cs4 were 5.1, 4.6, 4.9, 6.0 and 6.8 'ré;_,pectix)eiy.",

Results obtained from session 3 using a chéﬁical soy
sauce as control wgfe found to be similar’to_those: obtained
from session 1. (Table 16). However, sample CS4, which was
rated as the second best in all the three organoleptic.
"éhafactéristiéé in session 1 and 2, was ranked the podrest
in this session. This suggested the inconsistancy of the
panelists' assessment among the ditferent sessions.

To investigate the reliability of:‘the _panelists'
assessment, analysis of variance was pefformed on panelist
and sessions.. Results indicated that there was a high
signifitantly discrepancy in bthé' judgement among - the
panelists. gvaluation of the same 'sampies by the same
panelists “also varied significapgly from one session to
- another. This inconsistencf inbjudgement made the results of
'sensory agéessment‘ questionable., A .conclusion, might be
.drawn, therefd}e,,fhat the,écéeptability_oﬁ aléaucé  §foduct
depended largely on individual preférence"which "varied
widely, at least among the panelists used in this:

, ’ o , o c
investigation.ﬂsExaminatioh of the assessorsvfeVealéd that
individual p;efgrgnée waé greatly {0 influenced :by: the

difference in racial and cultural backgrounds. For example,
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canola sauces was more readily accepted bj the drientals
than 'by- the Caucasians, as the latfer,%by and lafge, wefe
more conditioned to Japanese style soy sauce which is more
readily available in C;nadian super' markets.

In general, canola sauce and soy éauce were comparable
in taste to that of commercial soy sauces. However, éhe
former lacked the reminescence of the myriad aroma
associated .wich scy sauce. Séveral interpretations might be
made. Firstly, the canola sauce produced in this :esearch
was not fortified with any artificial flavoring agents. On
the other hand, mdnosbdiu% glutamate, alcohol, molasses or
caramel were added to most of the commercial soy sauce.
These artifical flavors might éxert a synergistic effect on
the natural taéte and aron of the sauce, making it superior
to the raw taste of the canola sauce. Secondly, as concluded'
earlier the -canola sauce was deficient in acid as well a;

s

alcohol fermentation_ which served _an. importantK role in
producing charécteristic aroma and taste in the product.
Thirdly, inadequate pasteurizatioﬁ- of canola sauce miqht
also result in‘?be failﬁfe to bring out desirable aroma and
taste in the saﬁcé. Further_investigations are, tﬁerefore,'

neede to bring about improvement in organoleptic quality of

canola sauce.
v



e

5. CONCLUSIONS

v The feasibillty of using canola meal as a’faw ‘material
substitute for the productin of soy sauce type product has
further been confirmed. ‘Instead of the corrosive acid
hydrolysis semichemical, approach aftemptea.by Ooraikul et
al. (1980), a more moderate, yet ef%icignt method employing
enzyme to pfehydrolyée the canola meal and hésten the
subsequent fermentation was demonstrated. Since no additipn
or modification of equipment éiready used in thevindustry
was required, application of this process _in largé scale
operatién. appeared‘ to be praCticable.VPreliminary’work on
the enzyme also demonstrated the usefulness of ‘Response -
Surface Methodology in industrial optimization.

Chemical composition of the sauce ~produced by this
méthod revealed that the product h@d_supé:ibr total soluble
solids, amino nitrogen and total soluble nitrogen contents,
which denoted the potent proteoiytic conversion of the
enzyme. Moreover, the high amino nitrogen to total soluble
nitrogen ratio indicated that the process had the potential .
for producing “superior product. The~ overall amino acid

content of the canola sauce was slightly lower than that of

_the commercial soy sauce. However, the sauce had a

substantial amount of glutamic acid which was consiaefed;%b i

be an essence in flavofing (Udo, 1931). Reducing sugar %énd

salt composition were found to be well within the commercial

Soy sauce standards.

153
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The greatest deficiencies ih the quality of ﬁhe cénola
sauce were their low acidity and lack of aroma. These were
attributed to the inadequacy of acid and aicoﬁol
fermentation. Artificial inocuiét{on of lacéic bacteria and
yeast would be necessary to bring it to the ‘high standard of
Kikkoman shoyu. In spite of these defigienciés,q'abSence of
levulinic écid in the sauces suggested that the undggiréble
compound produced in the acid hydrolysis was ﬁot produced in
the enzymatic process. \

Inconsistency of the. judgement by the panels Eendered
the results of Sensgry evaluation of the products
unreliable. Howevér, general comments by the judges poiqted
to the fact that the canola sauce possessed some 'raw' smeil
and did not have the traditional soy sauce aroma.'
Improvement of the flavor bouquet of the product would
require further investigation. Nevertheless, the chemical
composition of the canola sauce pfoduced by this method
suggesﬁed that the .products had a great potential to ,be
improved and,developed'into a diStinctiveréauce with quality

comparable to that of first class soy sauce.

e



6. SUGGESTIONS FQR FURTHER RESEARCH--

. In order to rectify the deficiencies .in quality of
canola sauce, further research is - hecessary. This may
include the following :

1. Previous studies indicated that ‘pfotein digestibiltiy
increased when raw materials were soaked and autoclaved.
Applying these treatments to canola meal may increase
amino acid content in canola sauce. |

2. Since inadequate acid fermentation_ was generally
concluded from this study, inoculation. of lactic acid
bacteria at the beginning of moromi fermentation‘may help
to improve the acid fermentation. Recording bagferial
counts during. the coursé of the férmentatioﬁv;ay also
help to disclose the - extent and progress - of the

fermentation.

3. Absence of alcohol ferhentation in the moromi was
Quspec;éd to be responsible for lack of characteristic
aroma in the sauce. Inocuiation of yeast to the mash at
PH 4.5, achieved either by -‘addition of lactic acid, or

. lactic acid bacteria,,'isAanticipated to-ameliorate the
flavor of the sauce. | |

;.fPasteurization at higher temperature for a longer time
may help get rid of the raw taste as well as darken the
color of the sauce. | | .

5. Sauderuality may also be improved thfough for%&f%éation
with artificial  flewors or addition of Suit;pft ebzymes

at suitable stages of fermentation. This  would, of

155
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course, involve extensive study of biochemist;yvof.sauce
férmentation.

6.7Finally,vtrained panelists were recdmmended for sauce
quality evaluation so that a more reliable judgement may

be 6bta{ﬁed.
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