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ABSTRACI‘ ‘ A
Canola sauce produced through a short fermentatron employmg Asperglllus oryzael
and A sojae lacked some organoleptrc qualtty assocrated wrth high qualrty SOy sauce, Thts was

., due to the absence of some secondary mtcrobtal fermentauons in the moromi stags.. ’l‘hese .
A
secondary fermentatrons rnvolve bacteria and yeasts whrch afe able to establtsh themselves in

w

" the moromi dunng long natural fermentation. L v

Y

"To 1mprove the saucet quality, Pedzococcus— }ralo;hllus; Saccharomyces rouxii and
Taruiopsis vers:ztilis cqnsidered the nlost important micrOOrganisms ”in the secondary
fermentatton of sQy sauce, »were delrberately mtroduceg(mto moraomi of canola’ sauce They’
were first 'trained’ to grow in medta contammg 18% w/v NaCl bef ore: tnoculatton

_ Transfers of the microorganisms- from their basic media. into high salmrty medla
4
involved pro'longed lag phases which were restored to normal after. suhsequent subculturmg in

fresh hrgh salinity medra After reachm‘g cell counts of 107 10* CFU{mL, they were moculated :

mto the ‘canola mash for fermentation, which lasted 31 d. One fermentanon procedure
involved the Stepw1se moarlatron of P. hglophilus at the begmnmg followed by S. rouxii and .
. T. versatilis after 4 days. The other procedure mvolved simultaneous (all -in) inoculation ol‘ ,

the three .rmcroorgamsms at the gtart of fermentatron. A batch with no inoculation served.as

v
1

“control.
LS

J  The défi,berately fermented canola sauces involving the stepwise and simultaneous

moculatrons resulted in final produycts which had chemical qualrtres generally srrml;tr to those

»

of” commercral Krkkoman sauce. The composrtronal analyses ‘of the dehberately fermented
Wytelded 1.2% w/v {otal soluble mtrogen (TSN) 0.40-0. 41%w/v ammo mtrogen a
nitroggn yreld Qf 67. 19% 1.60-1.88% w/v lactrc ac1d and a total trtratable acrdrty (TTA)
.value of 6. 75 10.19 meq/lOO mL sauce The glucose content ranged between 0.75-1.56% w/v,

“while 0.13-0.20% w/v_ sucrose was obtained in the fermented sauces. An ethanol concentration

of 1 5 1.6% w/v was found in the canola sauces and the final salt content ranged between -

17 46 17.52% w/v Most ol" these results compared favourably to the commercial Kikkoman

—~

sauce and to hterature values. '

o,



Glutamic acid, the most important amino acid in soy sauce, was found to be. higher in "
the. mxcroblal fermented canola sauces than .in Ktkkoman sauce Glutamic acid ranging from
- 49.62-53.32 umole/mL was found in canola sauces, while only 42. 00 umole/mL was found m‘

e . v

" the-soy sauce a{ -
" The concentrations of most of the organic ac1ds in the canola sauces especxally in the

g ed sauce were greater than‘ those in the soy sauce." .

anola sauces mdlcated excessive' lacuc fermentation.

D'-l‘

Ooncentrauons of about 1

| ':' L sauce were recordéd for the canola sauces, as '
compared to abeut 336-500 mg/lOO mL for the soy sauce. Except for a hngh amount of

f ormic acid in the all-in- moculated sauce, 70 mg/100 mL as compared to 48.14 mg/100 mL in -
\
the stepwise imoculated cgnola sauce and 63.7 mg/lOO mL in the coxpmercml soyA sauce, no

other undesirable acid was detected in the sauces. v

' e

The absence -of some characteristic soy sauce aromas in the canola sauces and the

[ 4

inconsisiency in sensory evaluation of the products by untrained panelists were factors in the °
N \ ™~ . . '
canola sauces being scored lower than the commercial Kikkoman sauce.

vi
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— . 1.INTRODUCTION Co

Techniques of enzymatically hydrolysing certain protbin ‘foods‘into arrrino acids and‘ '

~ small pepudes to make them more. nounshmg and flavourful, h\ve long beent known in the |
Orient (Yokotsuka, 1986). Amongst the protem foods S0 prepared by fermentatron are
- soybeans. ¢ —

Soy sauce is a popular quurd condiment produced by fermenting soybeans and wheat‘
//' mrxtures in: the presence of salt. This condiment is consumed daily in the Orient.
Its primary role in the Japanese dietisas a source of salt, flavour and colour f or their

bland and Basrc diet such as rice and boiled vegetablese. Soy sauce contrrbutes 2 4 g out of 80 g

e R

of the darly.protem intake in Japan; as such it has little srgmf rcance as a source of protein or

~ amino acrds (Bureau of Foods Japan. 1976 as cited by Yokotsuka, 1986).
' Soy sauce has garned commercral potential in the West, mamly because of the gre'atk
. popularity which the Orientdl cuisine (restaurant) has enjoyed recegr?tly Fukushima (1985)
reported that the productron of fermented soy sauce in the United-States has averaged a 15%
increase annually for the /10 years pnor to his review, and it has become wrdely acceptable to
the Caucasian people in the U.S. |

Unlike the U. S Canada has no manufacturing plant and relies on' imports of the

auce from Hong Kong, Japan Korean Republrc and Smgapore (Wood 1982). A major
ingredient of the sauce is soybeans, whrch grow, ona m-oemm parts of 'Canada On the other -

.a‘.‘ iy ‘

' hand, wheat is widely grpwn and is a major Canadran cfo’p Tﬂere{pfe i‘* manuf acturing plant
) would depend heavrly on the av’arlablhty o}:ﬁese raw ma rfals Soybeans as mdrcated are

not a major crop of Canada, so to subsutute for this 1aw mater1a1 in sauce producuon one'

-

-

must consider the availability of other protein-rich crops and, more importantly, their prices

relative to that of soybeans. « . =~ _ S

. v , .
Researchers  have come up with a protein-rich oil seed ‘from ‘the rapeseed family.

Usually referred to in Canada as "canola”, it is a source of edible oil for humans and the
protein-rich meal is fed to livestock and poultry. It is known as the "Cinderella, Crop” of -

Canada and, unlike other rapeswd crops, it has little or no erucic acid and the glucosinolate



content is very low, » . | oL
‘ Ca ada is one of the major rapeseed producmg countries in the world but, currently,
canola is produced only in Canada, - . |
| Canola supplies about 46% of the vegetable oil in the diet of Canadrans Qrely and
Salmon, 1981) QOn the average the protein-rich meal obtained after oil extractron contams
37- 38% protem and, dependmg on the cultivar, the protem could be as low as 35% and as hrgh “
as 40% (Clandinin et al., 1981). ' o ©) .
| Protein quahty of canola meal, as determmed by Campbell and Eggum (1980),
compared favourably wrth other protein products such as hrgh quality fish meal. The
brologrcal ~value (BV), which compares essential ammo acrds present in protem of. canola meal
to amino acrd requrrements of a growing ammal was* found to be in excess of 90%. The net
protem utilization (NPU) was found to “have an average value of 76%. Campbell and Eggum
(i98b) also reported that individual amino acids present.in meal were well digested and
' , 1nd1cated a value of 88% as the drgestlbrlrty coeffrcrent Sosulskr and Sarwar (1973') rated
canola meal as the best vegetable protem | ' A

-

. In 1980 00ra1kul et al. attempted to prove the feasrbrhty of substituting canola meal
for soybean meal in sauce productron The rapeseed sauces produced compared well with the
, commercral sauce. The success of the prehmmary studres involving canola meal and wheat in
~ sauce production led to further ‘research. An efficient techmque and, more 1mportantly,
relauvely cheap process was investigated. Ma (1985) was able to produce the sauce within 5
weeks by usxr}g an endoprotease to effectively break down the crude proteins present in canola |
meal (CM) Thus, | maximum proteolysis occurred when” the hydrolysed meal and wheat '
mixture was moculated with Aspergtllus cultures for sauce productxon Ma (1985) also
+ reported that the greatest defrcrencres in the qualrty of -the canola sauce produced were 1ts low
- acidity and lack of aroma. These deficiencies were attributed to the inadequacy of acid and

alcohol" ferrnentations, and contributed to the lower quality: of the canola sauce when
R o : J

compared to Kikkoman sauce.



\ In order to provide a greater understanding of these deficiencies, as well as to rectf y .
| them to imorove tlie sauce quality, further research was necessary. It_has been shown that
yeasts and bacteria, such v&s Saccharomyces rouyii, Pediococcus halophilt'cs.w Lactobacillus
delbrueckii and Torulopsis sp'ecies. are involved in the seconc'lary (moromi) fermentation of

soy sauce (Yokotsuka 1960, 1985, 1986; Fukushima, 1979 1985; Yong ands Wood, 1976
Hesseltme and Wang, 1972).

Under appropriate environmental' conditions, these organisms have been as‘s'ociated
with the production .of' 'organiczcids. alcohols and some other 'desiral)le volatile' compounds
~ during the fermentation (Yokotsuka. l986i Fukushima, ‘1985). The research described in this
thesis involves a deliberate introduction of some of these microorganisms into the moromi of

canola sauce, either in combination or sequentially.

\

The microorganisms were first "trained” to tolerate 18% salt concentration in growth'
¥
media, bef ore 1noculation mto the moromi.. Their growth actrvmes were momtored throughout -
. g £ U.J

,the 5 week fermentatron period by taking samples of the moromi at arpps@priate time intervals

o

to analyse for some of their metabolrtes The resultant sauces were then compared, chemically

o -

and organoleptlcally ‘with uninoculated (control) canola sauce and Kikkoman sauce.



2. LITERATURE REVIEW

2.1 Soy*Sauce

¢ L3

2.1.1 Hlstorical aspects

Shoyu Or soy sauce, a representative protéin food, produced in large quantities in the .

Orient, has had an -extraordinarily long history, It is basically a lrgutd food cond_xment,
prepared from freld crops through fermentation. | '

’ A dark browmsh 11qu1d wrth a drstmct pleasant aroma it is used widely for addmg
flavour toa great many foods, ﬂsuch as meat, poultry and fish, and for barhequeand other _-
sauces, for ﬂav:)uring cooked'vegetahles, and for seasoning in general (Hesseltine. 1965)._

- This historical brewing of soy sauce goes backlmany centuries in countries like China
. and Japan. Originating in China about 2,500 yea_rs ago, itﬂv;as introduced in Japan alongside a
change to vegetahle diet by Chinese Buddhist priests in the 6th Century (Hesseltine, 1965;
| Fukushrma 1985; Yokotsuka 1985). The orrgmal product was transformed into the present
day Japanese soy sauce by the 17th. Century (Fukushrma 1985) Since the mtroducuon in
Japan\ other Asian countries and even the United -States have carried out the fermentatlon of
soy sauce.

The manufacturmg process has always involved the growth of mouild on a substrate.
‘.Ongmally, the substrate was fish or meat but this was substttuted with soybeans before the
mtroductron of the sauce into Japan (Fukushrma,"l985). Presently, in the regular Japanese
soy sauce, wheat is used with an equal amount of soybeans and the characteristic aroma is

deveIOped from the wheat (Fukushrma 19857 .

" 2.1.2 Types and varieties
In Japan, two basic groups or types of soy sauces are recognised. These two groups
are the fermented SOy sauce and the chemical soy sauo): Though the genumely fermented

.sauce has had a long history as human food, the chemical sauce's history is only several

8l



decades long: (Fukushlma 1985). : L

Tradi ronally, the proteins and carbohydrates present in the raw materials [ or

concentration of 51 (7 8%), in the presence of wheat. koji, the resultant sauce sull has thc

undesrrable compounds but with 1mproved odour and flavour.

| The Japan AgriCultliral'Stahdard (JAS) recognises five varieties of soy sauce, each of
which i§ classified intd~ three grades, naméfy Spécial, Upper and Standard. .Grading is
determined. by organoléptic evaluation, contents of total nitrogen, alcohol, soluble solids other
tha¥l sodium chloride, and colour (Fukushima, 1985).'High quality sauce is a§sigry.-spocial .
gra'de as it is only made by action of microorganisms. As s{rch. chemical and/or onzymatic
hydrolysates are not consioered for special grade éoy' sauce. Table 2.1 shows rhe annual
production of grades of soy sauce (Fukushima, 1985). |

The five‘ var‘ieties mentioned above mclude Korkuchr‘shoyu Usukuchi-shoyu

‘Tamari- shoyu Shiro-shoyu and Saishikomi- shoyu Typrcal composmons of these varretres of *

soy sauce are shown in Table%j(/f‘

Koikuchi-shoyu is the regular soy sauce and the most'. ’representative Japanese

fermented sauce. Totalling about 85% of soy sauce consumed in Japan (Yokotsuka, 1985), it
: 4 K

~

is characterized by a strong aroma, myriad‘ flavour and deep-reddish brown colour
- (Fukushrma 1985). The sauce is made from approximately equal amounts of wheat and
soybeans The koikuchi mash is subjected to vigorous factic and alcoholic fermentations and
the finished product is pasteurrzed at about 80°C, grvmg the characterrstrcfreddxsh-brown

colour and strong heat flavour (Yokotsuka, 1985). ¢



Agricultural Standard (JAS) in 1982 in Japan.

Table 2.1 Annual producnon of soy sauce marked and nonmarked by the Japanese

- JAS Grades Kiloliters Percent
_Special® ’ 674,093 56.9
Upper 289,911 24.5
Standard 106’176 9.0
Non-JAS , 114,122 9.6
" .

Total 1,184,302

100.0

! Special grade is granted for the soy sauce which consists of f ermented soy sauce only.

Adapwd from: Fukushnma 1985.
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~ Table 2.2 Typical compositions of five varieties of S(;y sauce recognized by the Japanese .

government. -
Soy Sauce
. Koikuchi- ' Usukuchi- . ' Tamari- - - Saishikomi- ‘Shiiro
. shoyu shoyu shoyu . shoyu shoyu -
~ Baumé 7o 22.2 29.9 "26.9 26.9°
_ NaCl ‘169 189 190 18.6 190
(g/100 mL) ,
Total N , 157 119 55 2.39 0.50
(2/100 mL) _ .
Formol N 0.94 0.80 05 1.11 0.24
(g/100 mL) . )
Reducing . )
Sugar . 3.0 4.2 53 1.5 - 20.2
(g/100 mL) ;
Alcohol 2.3 2.1 0.1 Trace Trace
. (vol/100 mL) _ - v »
pH 4.7 48 48 48 4.6
~ .
Colour Deep Light Dark " Dark ' Yellow
' brown . ” brown brown brown’ to tan

* Adapted from: Fukushima, 1985 S “-
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Usukucm -shoyu, a light- coloured soy saucc. is made from a mixture containmg more wheat
and less soybcans than konkuchx type (Yokotsuku 1985). Fukushlma (1985) reported that the *
-rauo of soybeans to wheat in this type of soy sauce is the same as in koikuchi-shoyu, except
that f ermenta‘tion is done un\der conditions that prevent the colour development. Saccharified
_Tice- kOJl with water, called Amasake, is spmetimes ;dded to usukucm mash to ameliorate the
salty taste. The final product, a lighter red?lish brown sauce is of a milder flavour and aroma
and is used mainly for cooking when one wishes to preserve the original colour and flavour of
the foodstuff. Usukucm -ghoyu is ppmanly used in a western area of* Japan >
Characterxzed by a slightly hlghcr coment of amino acnds and lacking aroma,
Tamari-shoyu is the third variety of soy sauce in Japan which is consumed locally around the

Nagoya area, Only a small- amount of wheat is used, sometimes none at all, but the main

material of the koji is soybean‘s. Often, the ratio of materials making the koji is 10:1-2, of
. -~ - ‘ /’ .

soybeans to wheat. , g i

The next vériety is 'Shiro-shoyu, a yellow to tan-coloured p oduct which is made
mainlyfrom wheat and very little soybeans. Conditions for its fermentation prevent the
de\?eloomcnt of the‘ usual dark colour dssmiated w'igth koikuchi-shoyu and it has a low contem
of amino acids. |

| Saishikomi-shoyu is the last vnri‘ety of soy sauce and is characterized by aroma and
f ull-?)odied taste. ‘It is made by enzyxnatic degradation of a rnixturc of equal ppnions of
soybeans ‘and wheat to make the koji, and then mixed with raw soy sauce instead of the usual P’
salt soluu'on. As with Shiro-shoyu, it is psoduccd and consumed only in isolated localities o}

for special industrial uses in Japan.

2.1.3 Production and srade : | ) B 1

4 The Japanese m\anuf acturers of soy saucc are assumed to‘be less than ‘% ,000 in number
(Yokotsuka, 1985). lFive of the biggest manufacturers, namely Kikkoman, Yamasa,
Higashimasu, Higeta and Marukin, account for about 50% of the total production. Table 2.3

shows ihe. annual production of the five varieties of soy sauce. Yokotsuka (1985) reported

<
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Table 2.3 Annual production of soy sauce marked by the Japanese Agricultural Standard
(JAS) in 1982 in Japan.

Annual

A . Production
Varieties (kL) Percent
Koikuchi ;shoyu 902,862 84.4
Usukuchi-shoyu 138,261 12.9
Tamari-shoyu ) ) v 20,885 2.0
Shj;o-shoyu | 5,042 0.4
Saishikomi-hshoyu . | 3,130 K
' Total o 1,070,180 | 100.0

Adapted from: Fukushima, 1985.



v that the annual consumptron of shoyu per caprta in Japan is about 10 htres of whtch 4 4

o litres is consumed in the home and the remamder 56 litres, mstitutronally and mdustnally
\

TN

In 1982 Wood presented a concrse report “on the trade in soy sauce. He stated that k

fi rgures relatmg to exports suggest only a tiny part of the total soy sauce productron in Japan
since soy sauce is wndely made on domestrc scale for prlvate consumptron He concluded that

| "the total- trade in soy sauce 1s very substannal and is exhrbrtrng steady growth in real terms

" --:wrth the mcreasmg European and Amerrcan markets makmg a srgmfrcant contnbutron to thls :

i growth Recently, though Korkuchr shoyu has penetrated the U S, market through

' 'supermarkets and the productron of Ktkkoman Foods Inc. As much as 22 000 kL (ktlolrtres) o

per year was reported in 1983 1/1982 alone an estlmaged 50,000 kL was the annual

consumptron of whrch 20 000 kJT as produced by Krkkoman and 21 000 kL by LaChoy and v
S ~Chung ng Only 3 400-3,500 kL of soy sauce -was imperted from Japan 3, 200 3,300 kL

‘ ','f rom Hong Kong and 2 ,300 kL from ‘other countries (Fukushrma 1985).

____L__— ’

2.2 Manufacture B
6

—_ 2 2.1 Introductron to manufactunng practises

As mentroned previously,” sgyésauce is, drvrded mto two groups fermented soy sauce
whrch is the conventronal one and chemrcal soy sauce The chemrcal sauce 1s not recognrsed '
nor defined as:soy sauce but- only as an extender of SOy sauce m Japan Its partly 1mproved?

‘form the semi- -chemical type 1s essentlally a chemrcal SOy sauce due to the content of e

3 undesrrable compounds especrally in the form of orgamc acrds Frgure 21 compares. the

9

orgamc acids found in fermented and chemrcal soy sauces The undesrrable compounds

' .present in chenncal soy sauce mclude d\ark hurmns, furfural, drmethy_l sulphlde, hydrogen '

©

' sulphide.' levulinic acid, formic acid and the like (Fukushima,‘_’1985), which are not present in

-

fermented sauce. Lactic acid is the main organic acid in fermented sauce, ‘but formic acid is . :

'dorninant in chemical' sauce. The presence of levulinic acid, which does not exist naturally but,

: whrch is found in chemrcal soy sauce, - can determxne if fermented soy sauce has been-;

.';q_a,
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- adulterated with some chemical sauce.

“2.2_.2 S_um‘mary of Japanese Koikuchi-shoyu manufacture
- Wood (1982.), Ful‘gushima (1985), Yokotsnka (l'98§) and severalbther workers have
outlined_' the basic steps'involyed with ‘the processing of soybsauce_'. Categorizing the step‘s inte
five main p'rocesses., Yokotsuka (1985) lists these steps as: |
1. . treatment of raw materials;
2. ko_u makmg process\\ '
| 3. mash making and aging (Brme Fermentatron Process; Fukushrma 1985);
- 4 pressmg (Refining Process; Fukushlma, 1985);
, 5. refining (Refining Process; Fukushima;l\Q\gS).\

These steps are shown schernatically in Figure 2.2. . o

2.2:2.1 Treatment of raw materials

o Initially. whole sbybeans or, morecomrnonlyi defatted soybean flakes or grits are « I

morstened and cooked under pressure, thereby mfluencmg the dtgestrbrlrty of 'soybean protem

‘ _ Wheat on the. other hand, is roasted for a few minutes at a temperature between 160- 180C
then.coarsely ground into 4.or 5 preces (Fukushlma;, 1985; Yokotsuka, 1981, 1985). '

. o
s

2.2.2.2 Kop makrng process

The. drgested soybeans and ground wheat, mixed together in equal proportrons are
inocula:ed with-a pure cultured starter of Aspergrllus oryzae or sojae, called the "koji starter , |
or "seed mould". The rni:lture is spread on shallow perforated vats or stainless steel plates and

' then aerated for 3 days with a temperature "of 30°C and moisture- -controlled air. A decrease in
moisture content of materials from about 40- 45% to 25 35% allows growth of the mould with
‘2 yellowrsh green appearance as a result of sporulatron Thts is koji and 1t contains the -

necessary enzvmes to hydrolyse protems and carbohydrates m the raw materials into sugars

peptides and amino acrds.

e
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r-L
‘Soybeans, 400 kg Wheat"340 kg %oji mould
o . ‘ 1 Seed culture
- x ; = - 0.1-0.2% weight
. Soakingvin water Roasting " of that of
o ' 4 - raw materials
Autoclaving Cru?hing i
. l : 4
r1i;cLing «] Hoisture content

- '40-45 %

tul'turing mould Moistu._re con‘te)nt
(koji making) of koji 25-30%

. Salt, 276 kg , 48-72 h pH 6.5—7._0‘ .
Water, 1200 L — o -
, - Mixing
, (mash making) ,
~t” . 'S
Fermenting tank 2000 L, 6-8 mo.
l o (1) 'enzymatic degrada-
"~ Aging . tion of materials
e l . (2) 1actic acid-
. fermentation ,
Pressing (3) yeast fermentation. .

Sbg cake, 220 kg | Raw shoyu, pH 4.8-5.0,
ca. 30% moisture ‘ 1500-1600 L
: ; . .- . T.N. 1.6-1.8%

Pasteurization
) . 1 . ’
R
-~ Refined shoyu - Sediment
| lpH 4.7-4.9
Bottling

.. Figure 2.2 Koikuchi-shoyu fermentation. Adapted from: Yokotsuka, 1985.



-2 2.2.3 Mash making and aging (brine fermentation)

Transferrmg the ko_u into fermentation vessels-and then mrxrng wrth saline water of

22-25% (w/v) salt are the initial steps for the brine fermentatron. A saline solution of, about ﬂ

120-130% volume of tHht- of raw rtrétetia_ls is used. This mash or "moromi mash” as it is
'called is held for 4-8 months, under appropriate temperature controls with occasional
.aeratron to mix the contents and to stimulate mtcrobral growth As fermentatron proceeds
enzymes: from koji hydrolyse most of the proteins to amino "acids and low molecular wetght
_ peptides. Most of the starch is converted to simple sugars, whrch are fermented primarily to

lactic acid, alcohol and carbon- dioxide by lactic acid producing’ bacteria and yeasts. Only

about 20% of the starch is consumed by the mould during koji cultivation (Yokotsuka 1985).

" Most Japanese workers have reported the presence and use of Pediococcus halophzlus (lactic

acid bacterta) to produce. lactic acid, whrch lowers the pH of the mash from an initial value

-
v

of 6.5-7 to 4.7-4.9.

_ Other reports have mdlcated the productton of lacttc acid by Lactobacillus delbruecku

A(Yong and Woo:  774). The. ‘reduction in pH stimulates yeast growth thus lacttc -acid

f ermentation@ repmted by yeast fermentation, resultmg in vigorous alcoholrc fermentation.

Torulopsls strains have been observed to grow at’ the middle and last stage of moromi

‘fermentatton producmg phenohc compounds and addmg some aroma to the sauce
(Fukushrma. 1985). Thrs is another group of salt-resistant yeasts.

Recent techniques have established a controlled ‘mierobial presence during the brine
) f ermentatton whereby pure-cultured lactic-acid producing bactena and yeasts are used to
produce a constant desirable quality sauce. ‘ )

The salt concentratton effectively limits the "growth of microorganisms to a few

desirable osmophilic types and it stabilizes f inally at a concentration of 17-18% (w'/v).

2.2.2.4 Refining process

Fukushima ( 1985) put together the pressing of the mash and refrmng as. the refmmg

~ process. Thrs mcludes f 1ltenng and pasteurrzatron by heat. The aged moromi mash is wrapped .

in.a cloth and pressed wrthshy@rauhc press until the moisture content of the residue is. less

14



) Lo
than 25% The filtrate, whxch is the raw soy sauce, is heated to 70 80°C by a plate heater and
stored in a semi- closed tank where settlement of the coagulum results in a clear supcrnatant \

This clear.supematant is bo_ttled or carined,

;2.3 Processing and Raw Materials
| Readily available and cheap 1aw materrals have been used as -the ingredients for_g}oy

sauce production. A . ‘ Je"

231 Soybeans
— Yokotsuka ﬂ(_1960) obserred that there were slight diff erehces in the chemicai .
composmon of soybeans from different countrres This could probably be due to geographrcal
v condrtnons and may cause sllght dif ferences in composmon of soy sauces produced
Defa_tted= soybean grits are usually used in the preparation -of soy sauce. Yokotsuka
(1985) reported that only 3.2% of the total soybeans used in the production of soy sauce in
1978 was whole soybeans. The choice of the defatted soybeans rs based basically.on cost,
enzymatic di\gestibility\ > of proteins, fermentation ﬁperiod. and relative difficulty in .
- rhanuf ac_turihg, espeojally‘ in'koji; making and n.ie‘sh' controlling. Also important are the quelity
of the sauce, in terms of chemical comporents such z;s glycerol, flcohol and lactic acid,
organoleptic evaluation, and the st‘ahility of the prod‘uo_t (Yokotsuka, 1985). |
However, Wood (1982) reported -that members of the whole food and "mz‘rcrobioticu"T
food trades preferred the use of intact beans in these markets, and that whole beans seemed ’ &
to be widely used throughout southeast Asiav.. :

232Wheat - ] ' "‘ - ’_ - L
Wheat is the carbohydrate source for culturing-the mould and in fermentatron of the

mash. Whereas Wood (1982) considers a low-protein wheat ‘as su:taple, Yokotsuka (1985)

reports that hiéh-protein wheat kemel§ are preferred. Studies by : some ._Iapanese authors

. suggest that aromatic compounds such as vanillin, vanillic acid and 4-ethylguaiacol, are

o ' V ’ -~
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produced on cooking wheat and these contribute significantly to the aroma and flavour of the
sauce (Wood, 1982) ‘ ‘
The role of wheat in soy sauce producnon rePorted by Yong and Wood (1974) to

have been listed by Yokotsuka i in , 15 as follows

" moisture  content of material to be cultured with mould - just
adequate f or mould gr ‘It must be about 45% in order to minimlze the damage due to the

-

crushed wheat serves to decrease the moisture of the material.
To assxst in obtarmng the highest proteolyuc activity from the ko_n -- the actmty
is hxghest when the starting material is an equal rmxturc of soybeans and wheat -- along with
greater growth of the mould. . I A .

3. To serve as the major source of carbohygrates as ‘the precursor of sugars, alcohol
and organic acids. " \ ' B '

4. To serve as the source of lignin and "glycosides; the precursors of : vanillic flavour
of shoyu. 4 \ e |

5. To serve as a rich source of ggitamic acid, an important taste ingredient in shoyu.

2.3.3 Ratio of soybeans to wheat S o ;
' ’ 'l;he use of wheat decreases the nitrogén content of soy sauce but it contributes aroma,

flavour and glutamic acid. The best soy sauce is believed to be made from a soybean to-wheat
Tatio -of 50 50 by welght (Yokotsuka 1960 Yong and Wood 1974) or 52:48 by volume
(Yokotsuka 1960). Any adJustment to the ratxo of the ma&enals would result in a sauce of
drfferent qualrty Differences arise in moisture content as well as nitrogen and carbohydrate'

iy

contents.

234 Salt o

* Aside from acting as a preservative, sodium chloride exerts a selective action on the

_ microorganisms which grdw during the ‘fermentation of the sauce. As such, an exclusive

e
?
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deVelopment of flavour and aroma- formrng yeasts and lactrc ‘acid bacteria results, as reported
;b? Yong and Wood. (1974) from studres by Yong m 1971 Salt eliminates all dangerous
anaerobic bactena such as-C. botulinum, whrch otherwise would thrrve on the soybean- wheat -
"fr[nrxture Yong and Wood (1974) reported that the Japanese used sea salt, and also observed
that commercral sodrum chlorrde though contammg forergn substances other than basic salts
of calcium and magnesrum and other 1mpur1t1es produces good sauce. There does not seem to
be any interferenge from the 1mpunt1es Punf 1ed sodium chloride has been used successf ully
for laboratorydwork only occasionally in Japan. They also reported the successful use of a
"laboratory reagent grade sodium chlonde on a laboratory scale, but stated that the
application of pure cultured yeasts and Lactobacilli -may have influenced the fermentauon ,

a
Tesults.

2.4 Biochemistry andx Microbiology. of Koji and Moromi

2.4.1 Koji | : s

Sections 2.2.2.1 and 2.2.2.2 as well as most of section 2.3 introduced koji as a part in )
“the process of producing soy sauce. Simply put, koji is just an enzyme preparation produced
by growing a mould, such as Aspergillus oryzae or A. sojae, ?on steamed rice or other cereals,
and grains. - V' . ‘&‘

Malt is used wrdely in the Western world as an enzyme source in the™ preparatron of-
foods such as beef and whrsky erewrse koji has been used widely f or centuries in the Orrent
. as. an enzyme source. It is s« in the preparation of soy sauce and miso, a fermented
paste -like product from <~ t... =y .ereals, as well as in the production of the traditional
Japanese alcoholic beverage - e Lo ez (Yong andﬂw_ood, 1974; Fukushima, 1985).

Basically, the umnigieress of kuy lies in the utilization of its amylolytic and/or
'proteolytic enzymes IO-COHVLM §le: » o fermentable sugars_and to break down-proteins and

R

polypeptides into amino acids.
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. To obtain a godd quali}y k(;ji. Yokotsuka (1985) indicated that it is necessary:
1 to obtain sufficient.growth of mycelia; ‘ | ‘
2. to produce_maximum ambunﬁs of enzymes needed, such as protease, amylase, and
" other plant degrading enzymes; \ |
3. nbi to destroy ihe activity of enzymes once produced;
4, to minirqise the consumption off starch caused by the g;owth é_)f mould;

/5. to avoid bactérial and mould contamination:

2.4.1.1 Koji moulds |
Strains of Aspergillus moulds have been used for centuries to produce soy sauce and
“other fermented products. The specles emplqyed _linclude A. oryzae and A. sojae, Both of
which belong to the sarne’group _ggd are charécte:izegl by the absence of mycotoxins (Wood,
1982). Seed koji, produced by culturing A ‘or'yzae or A sojae on either stgamed polished rice °
(usu;ﬂ practice in J‘apan) OT a mixture (;f wheat bran and soybean flour (China) is thé starter
culture used t6 inoculate the soybean-whcatl’mixtute to be fermented. _

Yokotsuka (1985) liéted certain pomts*no "be considei'ed when choosing strain_s of
.Aspergillus for food fermentatiops. Tﬂpse points included: '
1. favour aid colour of the final product;

2. good spore forming ability, which is n_ecessax.y to prepare the seed starter; |
3. strong and rapid gr‘b“;th-;" a |
© . 4. . high enzymatic activity, esﬁ;:cially of proteolytic and macerating enzymes;

lower consumpiion of starch during growth;

- genetic stability; ' ;

N v

.- length of stglkl (short stalk strains are most suitable for 'mebhanical koji
' cultivation); - D | ‘.
8. no production of taxin. ?
The "seed koji” to be used as mould starter, having been incubated at 25-30°C for
75-100 h, produces as many as 1-2 x 10° spores per gram .(Yokofsuka. 1985) of the inoématéd

pure mould. Tradj,u‘bnally; the inoculated koji mixture was put into small wooden=tfay§__and

7 .
v
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kept for 3 to 4 days in the koji-making room. Although this practi*:c is still followed in many
factories.. modern automatic koji-making processes hnve been developed to replace the
traditional method. Aidoo et al. (1984) propos;d mechanized methods‘ for improving
technology at the koji stage. The control of temperature and moisture during‘ the growth of

the mould is important and usually the culturing temperature is around 25-35°C. As the rnould

. . grows, the temperature of the «méterial increases and could get as high as 40°C. Such a

temperature mhlblts mould growth and several authors including Yokotsuka (1960 1985)
Fukushima (1985), Yong and Wood (1974, 1976) and Wood and Yong (1974), have stressed
the importance of cooling the koji, by strmng. Coolmg is usually done two times, at about 20

and 40 hours after inoculation (Yong and Wood, 1974, 1976).

The mature koji: after 72 hours of incubation at 30°C, has a clear yellow to yellowish-

green colour on the surface and throughout the whole mass (Yong and Wood, 1974). Whereas‘

0.1-0.2% of "seed koji" or starter mould added to the mixture of wheat and soybeans has

.been the usual practice in making koji {Yokotsuka, 1960, '1985), studies by. Wood and Yong

(1974, 1976) have employed suspensions of washed fungal sbores as inoculum. ‘
Lot_orig (1985) reports the finding by Bhumiratana et al. (1980) that A. flavus var.
columnaris. has been isolated from Thai soy sauce koji, and has been shown to produce

improved quality soy sauce when used as inoculum alone. It was also shown that ity did not

. produce afYatoxin,

Koji enzymes

Koji has been described as a unique source of enzyrnes. The production of .the
enzyrmes: involves a unique technology.‘ whereby microorgnnisnls are _cultu‘redl on a solid
medium of ‘cereals ‘(Fukushima, 1985). This technology has been‘
recent years (Hesseltine, 1972, 1977; Canne! and Moo-Young-, 1980; Aido et al., 1982;
Steinkraus, 1984) as the Solid State (Solid-Substrate)i’ermentation.1 '

Ko;r prepared in this manner contains macerating, amylolytic and proteolytic

enzymes in large quantities and in a well-balanced ratio (Fukushxrna 1985). The proteolytic

.

described thoroughly in_
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enzymes have an unique composite system of proteinases and peptidases.-Together, the system

breaks down the cell structure, hydrolysing most of the cell components, into smaller was.
' £

[y

* The most unique i’eatures of koji, as enzyme source, are that:

1. koji is the solid culture of green-yellow Aspergilli.

2. the proteins can be hydrolysed to the extent of almost free amino acids, w{th a
high yield (Fukusil“ima, 1985). | )

The maéerating’. amylolytic and proteolytic enzymes reported to be present in soyl;ean
koji include various classes of enzymes, nar'nely sucrase, proteinaées, lipase(s).L
phosphatas:e(s), cell{uase(s). amylases gnd maltase (Wobd, 1982).“ Among these, proteolytic
enzymes hydrolysing the raw m‘aterigrs' have been considered the most important. reaction ‘f.or
the produ;tion of soy sauce (Nakadai et al., 1973). Fpkuséx’ipma (1985) reported'th[at 90-92%
of ‘the proteins con;aincd iﬁ the ra;w materials for SOy sauce prodliction are‘ﬁ;drolysed into
the liquid’ phase as f fee amino acids by proteolytic enzymes. R

. Selverzﬁ research papers, including those by Yong and Wood (1974, 1976, 1977a,b) and )
Ceol ‘a_nd Wood (1978), report on';he sequence of enzyme releass:/gnd the hydrolytic products
_ thereof. - ) /

Proteolytic enzymes '
Also tef erreci to as proteases, these eniymes contribute imfimensely to the final qualit}
’

of soy sauce by hydrolysing crude protejns into peptides and amino acids. As such,_the

produ'ct yield in terms of solubl.'e niﬁqgen is increased, giving soy sauce its palate fullness and

nutritional yalue. ’
Th:am\oéi:n\ase complex is. divided in threé. These three divisions are acid, “neutral and
alkaline;.proteinases, which are also subdivided. Table 2:.4, from Fukushima (1985), shows the
proteinaées found in koji. The proteinases degra_de‘ proteins into p‘?\ﬁidps, and not individual
amino acids. B | . “’ |
Fukushima (1985') gives an account of the ‘proteolytic henzymes in soy sauce koji.

Other workers have also investigated the presence g‘,yactivities“of t;iese enzymes and have
#59% / Qo
: PR




Table 2.4 Proteinases in koji.

21

. Optimum . Enzyme
Proteinase MW x 10° pH Activity! ‘Weight!
Alkaline 23 10.5 929 . 418 ‘
Semialkaline 32 8.3 55 ---
Neutral I 4 7.0 80 131
Neutral II 19 6.0 9 ‘ 152
Agid 1 39 3.2 44 617
Acid 11 100 . 3.0 10 )
Acid I 31 3.0 5 -

! Unit against casein per gram of koji.

* Microgram per gram of koji.

Adapted from: Fukushima, 198S.
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- . /
repotted on them (Yong and Wood, 1977a; Impoolsub er al., 1981; Nakadai et al., 1973a-g).

Table 2.5, after Yokotsuka (1985), lists the kinds of enzymes that have been isolated

f rom koji mould.

The three types of fungal protemases characterized by pH. exhibit distinct
) specificities (Wood, 1982), and are all endo-type prote:inascs. These havé boen categorized
suchlthat tteutral proteinases Or proteases are satid to be specif ic fo; hydrophobic atpiho acid
residues, on the amino side of the bond beinAgabroken Kundu and Manna (1975) reported the
| t‘ormatton of both neutral and alkaline proteases in A. oryzae, whtlé Sekine (1976) reported
on two types of neutral proteases in 4. sojae. Unlike neutral proteases alkd(ne proteases arc
specific for aromattc or hydrophobtc \?mmo acdid residues located at the carboxyl side of the‘
bond  undergoing hydrolysns The pH optimum is around 10 (Wood, 1982). On ‘the other
hand, the acid proteases with’ pH around 3 to 4 are satd to be specific for aromatic or hydro-
phobtc amino acxd residues at both sides of the bond being hydrolysed )
Initially, kOJt is at a neutral pH and, ‘as such, the mould enzymes which predommate
would be the neutral and alkaline proteases (Lotong, 1985; Impoolsup et al., 1981; Yong and
Wood, 1974). Tttc early tttororhi ‘Stage will a}so have these two enzymes dominating the
- _proteolytic enzymes while the activity of ‘acid protease is minimal. In the presence of 18% salt,
_ the activities of neutral and alkaline proteases decrease conmderably and, at the reduced pH of
moromi, the acxd proteases are thought to be the chief source of proteolysis (Wood 1982).
Peptidases, present in koji as exo-type peptidases, liberate amino acids from- thek‘i

carboxy- or amino-terminal of peptides successively (Fukishima, 1985). Usually present as

carboxypeptidases and ammopepttdases they have been found to be spec1f1c m thelr reactions,

especxally since all four carboxypepttdascs have optimum pH in the acid region, while the /-

seven aminopeptidases are specific for the amino~te mal leucine. They are commonly e
referred to as acid‘carl»)oxypeptidases and leucine os. Altogether,.they‘ liberate |

amino acids, including glutami.c acid and glutamines. Part of ¢he glutamines is converted to'.
he rest is converted to

glutamic acid by the action of glutiminase of the koji mould, and

‘ pyroglutamic acids. The importanpe of glutaminase, as part of . the ert\zy atic digcstidn taking
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., .
Table 2.5 Enzymes isolated from koji mould. A
L d
Molecular . Isoelectric .
weight x 10° point
L;ucine.- S 26.5 . 33
. amino- : 40 39
‘peptidase , . 61 4.1
. 99 4.4
145 6.1
Acd> ™ 2 ' 43 : 21
carboxy- ' 61 . 4.2
peptidase T 125 ‘ : 44
6.0
\ : . . :
Acid : : 36 , A
proteinase ‘ 55 . ' 4.1
120 4.6
' &
Neutral . . .
proteinase 1 . 4 4.3
Neutral .
proteinase II : 19 ‘ , 5.8
Alkaline '
proteinase . ' . 22 © 18
Semi-alkaline .
proteinase C32 6.5
* a-amylase ' : 23 ' 3.6
Glucoamyiase ! — \ 80 | 5.8
Carboxy : 17.5 . ! 8.
meth)’l . 22 Fe TIROINS e 4.3
cellulase , 31 : 185
. 89 ~ 9.6
Glutaminase ) | 81 3.9
< 4.6

Adapted from: Yokotsuka, 1985.
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place in kOJt 1swobserved in the mcrease of glutamrc acids, the most 1mportant flavour' g

component of sﬂy sauce thure 2.3, from Fukushrma (1985) sums up the rt_tv4 of eachv ‘\

enzynie in ko;r durrng protei‘n hydrolysrs o

Yong and Wood (1977a), assayed for protease actwrty m a brd to detect the overall .
protem hydrolysrs in an expenmental kop Protease acttvrty was detected from the start even '
though the level was very low and desprte the fact that Aspergzllus spores had been washed -
: three ttmes to prevent carry -over of enzymes from the old mycehum (Yong and Wood 1976) :

A srmtlar observatron was made by Impoolsup et al (1981). Frgure 24, adapted from Yong
| and Wood (1977a) shows the protease actrvrty in koji made frorn A. oryzae stram 1989 (See

Appendtx for defxnrtlon of enzyme actrvrtres.) From the graph (Frgure 2.4), protease actrvrty

"
B 4" LN

is seen to increase” raprdly between tlre 20th and 30th h of mcubatlon reaching a maximum i
“around the 40th to 50th h, Thereafter Oprotease activity declmed Impoolsup et al. (1981)
.observed that durrng the- frrst 20 h when acttvrty of protease was low the fungus growth was o
raprd The raprd lhcrement in protease activity coincided with the late growth and formatron

‘ of spores.

Proteinase B protease activity' was observed to decline sharply lwithin the first' two

L daysj of mixing koji w'ith salt, as shown in ”Figure 2. 5 (Yong and .Wood, 1.9776') Similar

“eff ects were observed by other workers: A plausrble explanatron for this behaviour is grven by '-_ ,v
/ Yong and Wood (1977b) that an - initial denaturatron or precrprtatron of tl?e eniyme occurs
: followed by re-solubrlrzatron and/or the release of fresh enzyme upon lysrs of mould hyphae.
Thxs could explam why an equally raprd increment m ‘proteinase actrvrty occurs soon after the ;

' mrtxal declme

Carbohydrate-hydroé)'smg enzymes a | o - e 14
The enzymes in thrs category whrch have been reported mclude sucrase, endo amylase o
. or a-amylase (Yongwand Wood 1974 1976 1977a b) cellulase and exo- amylase (Goel and

-1Wood 1978) amyloglucosrdase and maltase (Ardoo et al., 1981)
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 Figure 2.3 Role of each enzyme in koji during protein hydrolysis. Adapted from: Fukushima

. 1985, R S
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Figure 2.4 Protease in koji inoculated with A. oryzae strain 1989 (adapted from: Yong and

~ Wood, 1977).
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Figure 2.5 Protease fn_moromi ‘(adapted ‘frém: Yong and Wood, 1977b).
- - (O ) moromi with no microorganisms added. ,
( @ ) moromi with added L. delbrueckii and S. rouxii. . -

day
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a—Amylase activity was detected af ter 20 h of koji incubatioh but, sihee reducing sttgar level .
had tncreaeedvduring the first 20 h, Yong and Wood (1975, 1977a) were able to demonstrate
the presence of sucrase and, consequently.{ attributed the'pro.d.uction' of reducing sugar to itt
In the ‘presem':e of 18% s‘alt; the_re,gv)as an inftial'deeline'in a-}an'lylase activity followed by a
te'covery (Yong and Wood, 1977b), as was the case for proteinases, ut in general da-amylase
was observed to be ‘less stable, and the extent of_ loss of activity was very pronounced~(Figire ‘

“
v

2.6). | ! ,
| Goel and Wood (1978) did not diff erentiate between amyloglucostdhg and B-amylase
activities and reported on total activity in terms of reducing power, thereby incorporating the
-+ production of reducing end vgroups' through _a-arttylase (endtf-‘amylase),aetiyity. The levels of
‘ cxo-amylase in koji (Goel andZWood 1978) increased moreirapidly than'endo-amylase levels
(Yong and Wood 1977a) after spore germination. " This was followed: by a period of slow -
rising of exo- amylase concentratton between 30 h and 50 h of fermentatton and. then a steady
declme in activity durmg the remainder of -the fermentatton ThlS steady decrease dtffered
)f rom the behaviour of endo-amylase, which showed a falr}y steady level during much of the
koji fermematioh. attd. a further increase towards the end. In the moromi stage, a marked
contrast was observed in the stability of both amylases. It turned out that ertdo-amylase wae _
lessstable in moromi. Fijure .2.7 shows the activities of eXo-amylase in both koji and :
moromii, o | -
The presence of cellulose- degradmg enzymes assxsts in mcreasmg yields of solubthzed ‘
carbohydrates and protems from the soybeans and wheat f'lour by dxsmtegratmg the cell walls.
Goel and Wood (1978) measured cellulase actwtty such that the preduction of reducing power
‘measured the overall cellulose degradatton Flgures 2.8 and 2.9 show the activities of cellulase
in both koji and moromt N A .
| Aidoo et aI (1981) showed the activities of both amyloglucosxdase and .maltase -
(a glucos1dase) in ko_n (Fxgure 2.10). Desptte the dtfftculty in dtstmgulshmg between the -
,acttvmes of these two enzymes (since amyloghicosidase has’ maltose-type acttvxty), there is

evidence that A. oryzae . produces extraceliu}ar amylolytic etizyme"s,, _having both ,
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Figure 2.10 Amyloglucosidase ( @ ) and maltase ( O ) activities in koji fermentation..

(adapted from: Aidoo et al., 1981).
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amylc;glucmidase and .méltase activities, in a complex koji fef‘@entation. Their' report showed
that maltase increased in: conccntration’ throughout .the fé;mentation, resulting ih the
-disappearance of maltose from the koji and the accurxiulation 'of\' glucose. Though amylogluco-
sidase was dct:hected abo;xt 2 h after tk;e Qppearance of maltasg‘, ‘i'.c. at 20 h, its concentration -
decreased later on. Only small amoum; of both enzymes were detecu;d 1in the final soy sauce.

The production of the enzyme a-ga)actosidgse' has been r'éportpd by Smiley et al.
(1976). Yokotsuka (1985) also cited a repor} by Ishii et al. (1972) on the' p'roduction‘of some *
enzymes by A."'sojaye having a stroné plant tissue degrading activity, which was attributed to
pectin#ses. Pentosan-degrading enzymes', hemiédlulase .and B-galactosidase are some other
enzymes which have been said tb. be involved in the enzymatic degradaﬁon of plant tissues of
soybeans and. wheaf. kernels in soy sauce fermentation, A"ltogether, they relate tg the yield of |
sauce, the éase of pressing of tﬁé moromi mash, and the quality of the final product.

-

Other enzymes

@

Lipase, tyrosinase, phosphatases, deaminases, and nucleases are a few of the other

L4

‘enzymes thought to be present in soy koji. .

'Yong and Wood (1977a) reported on both lipasg and ty\rosinase. The presence of
lipase causes the breakdown ‘of lipids present in soybean into free fatty acids and some
ngycerol. Though glycérol contributes to th‘e flavour of the sauce, the free fatty acids are
undesirable in tastl;' ahd have the potentﬁal of developing ranc'idity. The use..of defatted
sdybean meal minimizes the level of free ifafty udg.\\ : A

Although Yoﬁg and Wood (1977a) Qid _ot ?detect tyrosinase in their soy sauce
fermentation, Oba et al. -(1974) detected';t_l‘le _presen':;e of tyrosinase in rice koji, and observed
that the tyrosinase level corr;:lafed with'tﬁe extent of browning in-koji.

Wood (1982) mentioned the report by. Aiaoo (1979). suggesting the presence of
extracellular deaminases in the last stages of koji fermentation. Pectinasc; was .not detected 5y

Wood and colleagues, though several papers report on its ‘prodﬁc\ﬂoﬁ\ Kuninaka et al. (1980)

~ have also reported the production of phosphatases, deaminases and ribosidases.



2.4.1.21CIrgmical changes occurring in koji _

Besides influencing:the degree and speed of ehzymatic degradation of raw materials in
the salty mash, the quahty of koji also mﬂuences the chemncal and organolepuc quality of the
final product (Yokotsuka, 1985). Wood and Yong (1974), revrewmg changes qccurrmg in koji
development, cited the study done by Yong (1971). Table 2.6 shows these changes.

Thelpresence of sucrase and a-amylase (Yong and Wood, 1977a) and B-amylase
(ex'(l);amyla_se;r Goel and Wood, 1978)¢ contributes to the productio.'n of redif®ing sugar
throughout the koji fermentation. As indicated in section 2.4.1.1, the differenr periods

0

associated with the production and release of ‘these enzymes correlate with the reducmg sugar

levels (Figure 2.11). The total soluble nitrogen level increased st(,adlly between 20- 70 h after

-

‘inoculation, corresponding well with the proteinase level in koji, while the amino nitrogen

level fluctuated throughout (Figure 2.12). The amount of amino n‘itrogen .presem in koji

.suggests the extent of protein hydrolysis to amino acids and small peptides. Free ammonia is

produced during koji fermentation, but the increase is very rapid after 40-50:h. coinciding

Rv;ith the onset of sporfxlation (Wood and Yong, 1974; Yong and Wood, 1977a). High levels of

ammonia in soy sauce make it unacceptable, so together with other important parameters,

‘ ir{éluding maximum amount of compounds and enzymes, koji is allowed to Ferment for 72 h,

after which it is terminated. Prolonged koji fermentation will result in a sauce having a

mouldy off -flavour and excessive ammonia content (Yong and Wood, 1977a).

3

2.4.2 Moromi mash fermentation,

Moromi mash fermentation, also called brine fermentation, was dealt with briefly in

‘section' 2.2.2.3. This (is the second stage of fermentation, which is essential in soy sauce

production so that a complex interaction of microorganisms under severe conditions in the soy
mash will produce a subtly aromatic brew.

Long fermentation periods have been the_ tradition in sauce brewing, resulting in very

gooa quality soy sauce. In addition, tradition requires the exposure of the mash Jeing
E : ) LY s .

ferni“ented to seasonal cycles of temperature. Today, though, manufacturers stress natural and

-



Table 2.6 Changes in corhposition of koji during soya sauce fermentation.

36

Total

Reducing
: sugars as - soluble Amino  Ammonia
Time Temp. Moisture glucose  nitrogen  nitrogen  nitrogen

(h) pH ('C)  (Bw/w) (g%dry (g%dry (g%dry (g%dry
©owt) wt) wt) wt)
0 6.55 28.5 47.0 0.3 0.57 . 0 0.02
18 6.49 728.5 49.0 2.2 0.63 0.02 0.04
22 6.44 30.5 48.0 2.8 0.62  0.09 0.03
29.5 6.48 410 490 3.7 1.04 0.34 0.07
42.0 6.74 47.0 2.5 1.07 - 0.49 0.11
470 6.86 39.0~ 42.0 2.4 125 0.29 0.20
52.5 6.90 - 36.0 39.0 1.7 1.30 10.26 0.30
66.0 7.08 32.0 36.0 2.1 1.44 0.39 0.34
3O 734 31.5 340 2.5 1.59 0.32 0.40
%5 7.48 350 21 15, 033 039

7.50 30.0 1.7 1.58

©96.5

. 34.0 .

) 033 .
. g’,- :A.‘

W

.0.39

Adapted from: Wood and Yong, 1974.



i
- 437
1] ’ J f
i { J
. « B
LT
SRR
PO I NI
1R o
5 Yo '
F !
" " :
C et
[ TRa Y
A
®
;
E ¥ .
13

Reducing sugar, mg glucose/g dry wt.

4 i 4 |

0 20 - 40 60 80 100

Time afi:er inoculation, h

v

Figure 2.11 Reducing sugars in koji inoculated with A. oryzae strain 1989 (adapted‘ from:
“Yong and Wood, 1977a).
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traditional forms of the process good quahty sauces have been produced in much shorter

 periods, and wrthout the exposure to seasonal cycles of temperature

4' ,.,2.4 2 1 Mrcroorgamsms during brme fermentatlon

Yokotsuka (1960). reported that sometrmes other fungr such as Montlla Pentcilllum .

-and Rhtzopus are present in mash; in addrtron to Aspergzllus oryzae-or A. sojae but had no‘

relation to proper agmg Fukushrma (1985) mentroned ‘several mrcroorgamsms as - |

contaminants present in ko;r, such as some species of yeast, the genuses Mr_crococcus, Strepto-
coccus, Lactobacillus and Bucillys, and attributed their presence to the non-aseptic operation
of koji making However these contaminating microorganisms are not resistant to the high‘

concentratron of salt. and therefore die within one or two months (Fukushrma 1985) It has

been reported (Yonf‘ and Wood, 1976) that mould from the kO]l exists as spores m the

moromr mash and throughout the fermentatron wrthout germmatmg The same is true of

*Bacillus, survrvr’ng as spores, but these spores are killed by hrgh-temperature-short time

pasteurrzatron before botthng (Fukushxma, 1985). B v
© Asa result of the composmon .of moromi, especially’ ﬂe hlgh salt content of about

18% (w/v) sodrum chlortde growth of mrcroorgamsms is lrmrted to specxal lactlc acid bacterra

— .

" and yeasts whrch are resrstant to hlgh salt concentratrons Most Japanese researchers have

reposted the presence of Pedzococcus halophzlus as the sole bacterrum vrgorously growmg in |
\

soy mash Studres by Ho et al, (1984) confrrmed the presence of P. halophtlus in the brme

phase of. soy sauce ferrnentatron .in. Malaysra Also, Japanese workers have reported the

presence of Lactobacrllus in the moromi, but not much stgmf icance has been attached to this.

‘Lockwood. (1947) clarrned to have produced a good soy sauce usmg L. delbruecku as the only

bacterrum in the fermentatron Following these reports Yong and Wood (1976) used Z
delbrueckii in their e)_rperrmental soy sauce.productron and the quahty of the sauce was found .

1o be good. - ' B DA W W \\
The SOy yeasts were found to be salt tolerant Saccbaromyces rouxu whrch also

L:q

tolerated hrgh osmotxc pressures Yong and Wood (1974) éﬁrted the observatrons by

Yokotsuka et al. (1967a) \“hat two strams ol‘ yeasts ‘were’ mvolved m the good flavour
. M { : " : o



- cannot grow in 18% (w/v) salt ;when pH is above 6. Growth of S.@

" . rouxii, which is more anaerobic than "Tondopsis snecies' (Fuku

< ' B “. o ) : 40

production and actual .fermentation of soy mash. This and_other reports indicate that the

'yeast strains were S. rouxii and Torulopsis species (halophilic yeasts) Yong and Wood (1976)

produced a”good* sauce without Torudopsis. species, whereas the Japanese reports 1nvolve-

' Torulopsis to produce the characteristic ﬂavour of aged mash. ©

~ “The change in microflora during the ‘brine fermentation is dependent on the conditions

in the moromi mash At an initial pH of about 6.5-7.0, wrth a salt content over 18% (w/v)'

and containing reducing sugars as well 4s many nutrients such as amino acids, base of nucleic -

acids and vitamins produced -by the koji digestion, growth of P. halop_hilus is favoured.

Growth of P. halophilus rapidly decreases the pH of the moromi mas_h to about 5 or below by

- the production of organic‘ acids, mostly lactic acid. At this pH value, the lactic acid

) fermentation is talcen over by S. rouxii. Yong and Wood '(1976) reported that yeast .will only

grow up vrgorously in soy mash when pH has dropped to below 5 5. They also crted Omshr )

;w

report of 1957 that "soy- yeasts could only grow Whén pH lay between 4. an

associated with the production of alcohol, - after ‘which theé gro

Although Torulopsis|species start grOWing at an’early stage, the. “than. that of S.

1985‘ ) However,

S. rouxii

Torulopsg grows durtng the latter part of brme fermentauon takmg over growth from S _

. rouxii and producmg atkyl phenols and aromatic alcohols as cited m Teviews by Yong and-

period of brine. fermentauon and the presence of alkyl phenols and aromatic alcohols offer

" resistance to growth of S. ‘rouxii such that fermentatron is taken oVer by Torulopszs specres

The addttton of pure culture mtcroorgamsms to moromt mash has been observed to

accelerate the fermentation process and also to shorten the period requtred to produce the

sauce.

..

Yong and Wood (1976) inoculated- their - mash with pure culture of Lactobacillus

i @ed that ‘some tnvestxgators obtamed good results when they added pure ¢ultured
W

R

-Wood (1974) and Fukushima (1985) “The higher accumulatron of total mtrogen m the latter

a delbruecku and S Louxii and produced a good qualtty sauce in 31 days. Yokotsuka (1986) also



a
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Lactobacrllt to their new mash He cited work done by Jose et al. (1976) in which an initial
moculum of 10z 10° Lactobactllx in shoyu mash, during lactic fermentauon reached 10° af ter
- 3 months. A large inoculum, on-the other hand, wag found to decrease the pH value as well.
as decrease the protein digestibility. -~ ) |

Yokotsuka (1986)%again cited other reports where pute cultured yeasts, S.. rouxii an&l{
Torulopsz's species were added to the mash. This accelerated the alcoholic fermentation and
shortened its developmem time. In addmon the good volattle flavours were produced in the

final product

Properues 0 f lactic .acid producmg bacterla

P haIOphiIus is a gram posmve mrcrococcus with a ceIl diameter ol‘ 0.6-0.9 um (Ho
et al 1984; Fukushtma 1985) lt is halophrlrc and facultatrvely anaerobrc Fukushlma (1985)
reported that the opttmum water: v ies for thls bacterium are 0. 99 0.94 wrth the lowest at
0.808, correspondmg to 5-10% (wﬁnd 24% (w'/v) salt’ contents, r‘especuvely. In thrs hrgh
- salinity, the growth temperature‘ is elevatcd to about 42'C though 'the lowest temperature in -
salt free medrum is around 20°C. P halophtlus grows well in the pH range between 5.5 and
9 0, and 1ts optunum temperature for growth 1s 25 30’C
' On the other hand Yong and Wood (1974) reported that some ‘lactobacilli grow at
temperatures up-to 47°C, in more normal medra In thetr experimental soy sauce producuon m' T
1976 Yong and Wood employed a temperature of 40°C during the brine fermentation. They
observed that growth of L. delbrueckii enhanced the rapid decrease in pH by the contmued
productron of lactic acid, leadrng finally to a decrease in viable numbers by the end of the r
l‘ermentation period (Flgu_re 2.13). The decrease in pH stimulatesyeast fernkentation, however”
* indications by Wood (1982) and Wood and H‘odgé (11985) show that the lowering:ol”v pH is not
“the only role of the lactic acrd bacterta This opmxon resulted from a drfferencc in organo-'
leptrc assessment of SOy sauce whtch had ‘been produced by moculatron of pure cultured yeast
on soy mash prevrously soured wrth lactic acrd to a pH of 4.5 (Yong and Wood 1976)

™

Furthermore, Noda et al. (1980) recogmsed that P. hq(ophilus (lactic acid bacteria) produced

-
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a metabolite acétic acid, during the brine fermentation, and this had, an inhibitory effect on
thé- growth of osmophrhc yeasts They also reported that the lactic acrd produced was slightly
inhibitory. In 1982 a further investigation by Noda et al. revealed that this mhrbltory activityl
 of acetic acid was greatly increased as the pH of soy mash decreased.
‘

'Properti.es 0 f yeasts .

In so-v’sauce oroduction. the , principal atcoholic fermentation during the brine |
" fermentation is the responsibility of the osmophilic yeast-. S. rouxii. A salt-tolerant yeast, it

can grow in amedium with as high a salt content as 24-26%. (w/v), but it can also grow in |

v-salt\-fr'ee media. The water aCtivities corresponding to the high salt contents are in the range
of 0.787-0.810 (Fukushima, 1985). In 18% (w/v) salt, grthh of S. rouxli occurs at pH 4-5
" (Onishi, 1963 Yong and Wood, 1976). Temperature for growth in such high salinity
envrronments is elevated to 40'C (Yong and Wood, 1976; Fukushima, 1985) and growth here .
mvolves a-process of physrologrcal adaptanon (Onishi, 1963 Onishi et al., 1984).

In salt-free medrurn the pH ‘range for growth is 3-7 at a temperature between
20- 35C S. rouxii ferments both ‘glucose and maltose in salt-free mediumg to alcohol but
ferments only glucose in media containing high~s§i;{.¢ concentrations (Fukushima, 198%). Onisht
(1963,‘1984), Yong et al. ( 1980) and Fukushima (1985) have described some of the properties
of salt-tolerant S. rourcii and its involvement in soy sauce production ‘when salt content is
high. - ﬁ |
'Yong and Wood (1976) observed that viable cells of S. rouxii decreased in soy mash;
- as long as the pH was above 5.5. An increase was observed when the .oH dropped below 5.5,
.after which it remained 'at'a maximum level (Frgure 2.13) .This was not observed when the
mash initially soured wrth Jactic acid at pH 4 5 was inoculated with S. rouxii, but there was a
lag period of one day. These observatrons correlated well with a report they revrewed winch
mdrcated that "soy-yeasts" could only grow when the pH lay between 4 fhd 5. Yong et al,

. (1978) showed that optimum yeast growth is achieved in the- shortest possrble time when the

mash is acrdrfled to pH 4.5 wrth lactic acrd Growth was much less when the medium was



.acidified with hydrochlorrc acid. ,

| B:own (()1978) observed a specral feature of S. rouxii. He indicated that, in high salt
media, S. rouxii produces. and accumulates.. polyalcohols, especrally glycerol, as a compatrble
solute” which gives the yeasts™ their resrstance to salt, by protecting enzyme activity at low‘
levels of water actrvrty Onishi and Shiromaru - (1984) described the physrologrcal changes
occurring during the adaptatron of salt- tolerant yeasts. Yong and Wood (1974) reported that
furf ural in kOJl is converted to furfuryl alcohol, and together with glycerol contrrbute to the -
flavour of soy sauce. ‘ ‘ ‘ » .

Torulopsis species have beed isolated from older mash -(Ho et al., '198'4)-.." T'h'ey' are

halophilic and are not .responsible‘ for the principal_'alcoho‘lio‘ fermentation,y'tﬁo'ugh they
convert’ sugars. into alcohols. Sugaes other than glucose, for {example maltose, under 18%
(vlv/v) salt,_'are‘ermented by this spectes of yeast (Fu-k'ushima, 1985). Like S. rouxii, they can
grow with or without salt, having water activities betWeen 0.975 and 0.840. Rather similar in
properties to S. rouxii, they are able to.grow- in as much as 26% (w/\r) salt. In‘lS% (w/v)
salt' the growth temperature has an upper limit of 35°C, ."but in salt-free medium, the
temperature Tange is reduced to 20- 30C Here agam optimum growth depends on pH such
that PH 4- 5 is necessary ‘for growth in 18% (w/v) salt medium (Fukushima, 1985)

Torulopsis versatilis and T. etchellsu, present in the late stage of fermentation,
produce” certain componerrts in soy sauce which are notvp;roduced by S. fouxii (Ho et al.,
" 1984). Yong and. Wood (1974) teported the observation by Yokotsuka ef al. (1967a) that
these co'mponents_‘ produoed by. Torulopsis species gave the soy sauce the characteristic flavour - |
~of aged soy rnash." The alkyl phenols (Yokotsuka, 1981, 1985) and the aromatic alcohols
(Fukushima, 1985), narnely 4-ethylguaiacol, 4-.ethylphenol and- thenylethanOI, are the
»irnportan't cornpOnents formed only by'Torulops’is species, and are’ responsible for soy "sauc'c‘f
aroma. These species tolerate salt in.a manner sirnmo S. ra;xii by._@';fhjsiological adapta- N
tion and by producing polyalcoholssueh as glycerol and ‘erythritol V(Fukis'h”ima,‘ 1985).
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243 Cliemieal(gémges in moromi / ‘

Large quant‘ities;oleucose are liberated into the brine from the starch ~containetl in
~ the materials through the action ‘of the koji enzymes (Fukushima 1985) ln addition to '
glucose, other hexoses and pentoses*result from the hydrolysis of the carbohydrates.._'r_ogether
these are metabolised partly into about 1% of Aactic acid .gmd other organic acids, mclud\s/
acetic acid and formic acig, by lactic acid bacteria (Yokotsuka, 1985; Fukushima, 1985). The
yeasts convert the hexbses and pentoses into 2-3% of ethano! and other' flavouré)us comp‘ounds"
(Yokotsuka 1985), and- what is left of the sugars is present as 2-4% of glucose. Yokotsuka's
(1985) review rndicates that the enzymatrc degradatron of the protems m the raw materials
mto lower peptides, free ammo acids and ammonia stSps in 2 or 3 months from the begmnmg
of .the mash fermentation, dependrng on temperature. As well temperature control ,
contributes to the shortening of the f er;rrentation period. v. |

Aging of the mash, consisting'rrfainly of browning reactions, contributes immensely to
the outcome of the final product. YokOtsuka (1985) observed that the colour degree_oi” shoyu
" mash becomes abdut double in thisﬂ latter stage of fermentation, and the pH value stabilizes at
4.8-5.0. | |

© Wood (1982) indicated that, at the end of the fermentation, the moromi possesses all

-the eSsential attributes of soy sauce: flavour, aroma, saltiness and colour. as well as an
abundance of :reducing sugars and amino-nitrogen compounds in the liquid. He also reported
“that contributions made by tlie product's salinity, pH value arid alcohol c_onter’rt éiye the sauce
its property of resistance to further microbial action.

J/

2.5 Product

—

Yokotsuka (1960) indicated that a good quality ferm<nted S0y sauc_e contains 1.5 g of
tot@&ﬁ'ogcn and 18 g of NaCl per IOO.'_’mL, and appropriate\ang proper amounts of amino

acids, sugar, alcohol, glycerine and organic acids. Firesauce, he reported, should have a high

buffer 'capacity, stability, and good aroma, flavour and cdlour.
. £



2.5.1 Typical composition o | : \

2.5.1.1 Nitrogenous compounds 4
Yo}otsuka (1981‘, 1985) statéd that, in order to achieve a palatable taste for a shoyu,
about half liof its nitrogenous compounds must be free amino acids, and more than 10% of the
nitrogenous compounds must be free glutamic acid. He observed in 1960 that the nitrogen
compounds consist of about 40‘-»50% amino acids, 10-15% arnrnonia? 40-50% peptides and
peptones, and less than 1% proteins, thereby relating the quality of ) the sauce to its’ total
nitfogen content. | |
| The Kjeldahl method has bed widely used ~f0r total nitrogen measurements, however,
variations have been observed with the use of catalysts. Yokotsuka, (1960) concluded that

!

tmercurous compounds are the beSt catalysts ‘ A

The crrterron for judging quality of sauce is the ratroLYlof amino mtrogen to total
nitrogen (Yokotsuka, 1960). A high ratio mdtcates high qualrty. Sasaki and Yokotsuka (1957)
observed that the differen_ce between, the formol and ammonia nitrogen could be regarded as
amino nitrogen. Fukushima (1985) described the formol nitrogen as the a-amino nitrogen

content of thf sauce and total nitrogen as the non- protemous nitrogen. Several reports on

soy sauce have identified amino acids, existing mostly in free forms, as well as glutamic and

T aspartic aCids which exist as conjugated forms‘ Yokotsuka (1960) cited most of these Teports.

Of particular mterest is ‘glutamic aCId which he showed to be an important flavouring agent
~“and, together w1th its salt was observed to be the chief mgredrent respon51ble for the delicious
taste of S0y sauce. Table 2.7, adapted from Fukushima (1985), lists some of the amino acrds‘
present in SOy sauce, | |
Nunomura et al. (1978) isolated some nitrogenous compounds from soy sauce. These
are the pyrazines which are formed in- the Maillard reaction, occurring during the heat
treatment of raw materials, aging -of moromi, and pasteurization of the raw shoyu. The
pyrazines 'have been identified as flavour comoonents of various ted foods. Yokotsuka
(1960) cited the presence of derivatives of nucleic acids, mcludmg adenine, cytosine and

others in soy sauce. These were produced by the mould enzymes during the koji stage

2



s N

Table 2.7 Amino acid composition of Koikuchi-shoyu.

Amino Acid ' . Koikuchi-Shoyu (%)

Arginine | —~ 26
Histidine - B s
Lysine" ' 4 | ' 6.5 .
Tyrosine : » i.O
Tryptophan o \—/ | e
Phenylalanine ‘ » ' ‘ . 42
Cystine - ) ' : 0.9 |

Methionine N " 1.4

Serine | _ ) | 5.3
Threonine ' ; 42
Leucine e o 7.3
Isoleucine - ' : ' 4.8
Valine | | | . ‘ » 5.5
Glutamic Acid ‘ ns
Aspartic vAcid ' 10.5

' Glyéiné ' , ' - 3.9 : J
Alanine \ o : 44
Proline _ | - ' | 6.5
Ornithine : | s \_

Adapted from: Fukushima, 1985.
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Yong ‘and Wood (1974) cited sqme | reports that maximum soluble protein,
polypeptides, peptides and amino acids were obtained from koji havtng equal parts of raw
materials. He also indieated that mixing koji with more water caused. a better utilization of the -
total nitrogen of the raw material, although this may Tesult in some undesirable effect on the
composition of the sauce. The report also noted ‘that va lower salt content ensured a bett’er B
utilization“’of total zrnd amino -‘nitrogen as well as a better fermenuation Work "'by other‘
investigators (Yong and Wood 1974), on the composmon of mashes aged differently, showed
that free glutamic acid could be used to &ermme the optimum aging period, since glutamic’

nitrogcn was at its-maximum after 10 or 11 months of fermentatioq.

e
-

2.5.1.2'Sugars and alcohols

Yokotsuka (1960) listed the sugars present in soy sauce as arabinose, xylose, glucose -
and galactose, and sthted ‘that the 3-5% reducing sugar required in good quélity sauce is
expressed as glucose equivalent. In 'his review,jrticle in 1985, Yokotsuka indicated that the
carbohydrates are hydrolysed to hexoses and pentoses which are partly wed by the '
microorganisms and that the final mash contains about 2-4% glucose and trace amounts of
xylose.

Fukushima (1985) reported that soy sauce contains monosaccharrdes made up of 0.62
"mannose, 0.77 arabmose 1 72. galactose 0. 55 xylose, and 20.50 glucose (expressed in
mg/mL). In addition, he listed drsacchandes, olrgosacchandes and poly_sacchartdes, and'
expressed the total omotmt of sugar as4.45% glueose.

Also found in- the sauce were two sugar alcohols, glycerol and mannitol, a_nd a non-
" reducing oligosaccharide (Yokotsuka*, 1960). Ethanol and some other hlcohols are present
(Fukushima, 1985). Nunomura et al. (1980) identified . 15 alcohols in shoytt flavour
components. ' |

Glycerol or glycerin differentiates a soy sauce prepared with whole soybeans from that
made with defatted soyb€ans. Yokotsuka (1960) reported that 0. 4-0.5% gtycerol is produced
_ in sauce made’ from defatted meal ‘while 1.0-1 2% results from whole beans. Onishi (1963)_

and Onishi and Shiromaru ( 1984) have also reported that, as a result of physiological
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adaptation to its :pigh saline environmen},_ S. rouxl( produces some gls;cerol. S. rouxil.
metabolises glucoso. in mofomi to ethan6 thereby giving the sauce its al'cobolic content of
2-2.5%. Yokotsuka (1960) concluded thatl) 5% oI more of glycerol by wexght in soy sauce is
organoleptlcally detectablé_@causc bf itt sweet taste. Yong et al. (1981) also suggested that
}the presence of ethanol and gluco “hw the moromi mash enhanced ester formation by lhc
yeast. Ethyl acetate a.\tther esters synthesized are respons;ble for the chaﬂcmtgﬁcmquet
and flavour of the maturd soy sauce. : ~ '

Tﬁe sugar conient in soy sauce hasl been determined by ‘different methods, and
Yokotsuka (1960) listed some prObiems associated with these‘methods. Yong and Wood
(I?77a) ‘emplc;yed Sumner's 1925 “method. In 1985, Osaki et al. determined the residual
élucose in their soy sauce, p{oducgd with immobilized whole cells, by a glucose analyzer, and
the alcohol was monitdred b;' a Teflon tubing method with flame ioniiation“ detector or ga;

-Sensor.

2.5.1.3 Acids and related compounds

In" raw soy Sauce, flactic acid accounts for .85% of the organic acids and acetic écid is .
8% (Yokotsuka, 1960). Investigators hayve observed that the organié acids are important to the
arc;ma, flavour, colour aﬁd storagé* quality of soy sauce. Yokotsuka (1960) réported that the
major acids found in thg sauce include acetic, lactic, succinic and }.\hosﬁhoric acids. Their
salts, however, taste bitter. Table 2.8, taken fforri Yokotsuka (1986), shows she 6rganic acids
* as found in shoyu and analysed by Ueda el al. (1958). | '

Yokotsﬁka (1960) also reported thgt the amounts of citrig aﬁd malic acids present at ’
the start of the brine fermentation decreased throughout -the fermentation period. Propionic
and formic acids are als® present in soy sauce. Usually, formic acid is the main organj¢ acid '
in chemical soy sauce.and, together with levulinic acid, differentiate chemical soy. sauce 1
fermented{soy sauce (‘Fukl‘xshima, 1985).

Acetic acid is produced by P. halophilus (Noda et al., 1981) in addition to lactxc acid.
- It is also produced by S. rouxii, when grown at the initial stage where pH of moromi is about

6.5-7 (Yong et al., 1978)." The two organisms metabolise glucose present in the mash to the



-Citric

-

Table 2.8 Con‘%gt of major organic acids in shoyu.

€&
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Organic Acid ‘

Pasteurized Shoyu (mg/100 mL)

T

n-Butryic
Propionic

Levulinic

. Acetic

Pyruvic
Formic
a- ketdbutyric
Lactic (
Succinic
nybglu?airﬁic
Glycqlic
Malic "

0.5
4.0
4.4

49.8 i
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acids, but P-#alophilus also metabolises citric acid present in soybeans to lactic, acetic and

formic acids (Fukushima, 1985), and also metabolises malic. acid (Kéanbe and Uchida, 1982). .
Nunomura et al. (1980) identified 13 organic acids as flavour éon’ipoﬁehts of so& saute.

| Yokotsuka (1960) reported that titratable acidity was effective in gxﬁeliorating the h
- salty and acidic tastes and in promoting the sfability of soy sauce. Onaga et al. {1957).
indicated that total acidity appeared to be important to flavour acceptance. Samples of sauce

which had high total acidity were ranked higher in flavour. -

2.5.1.4 Colour

. According to Hess'eltirig and Wang (1972), a perfect fegmenled moromi should have a

]

briéht reddish-brown colour. This is important since it is associated with flavour (Yokotsuka,

1960). v
. Yokotsuka's (1960) report also mentions that the ¢olour development of soy sauce is

P

chiefly’due to the browning reaction. Many typeJ quring are made by this reaction, and

¥ "3

the browning reaction,,t_)a_kes place among many kinds of important flavouring ingredients, -
" Ty

such as amino acids and sughks.

i

-1

Yong and Wood:(i977a) cited a report by Qba et all. (1974), who observed the
presence of tyrosinase in rice koji and correlated tﬁc browning occurring in the koji with
tyrosinase level, implying an enzymatic browning. On the “other hand, Yong and Wood h;
(1977a) wefe not able to detect any tyrosinase in sdy koji, and this was in agreement with an
observation’ by some other investigators. Thus, although the colour of moromi mash deepens

" during fermenté.tion and maturation, thi§ could probably be due to non-enzymatic reactions
(Wood, 1982). @

Non-enzymatic browning of soy sauce o;curs also during pas%urization process ‘and
storage. In both cases the browning was developed* on heating or;spﬁntaneous oxidation.
Oxidative" bro;vning (durihg storage or after opening) is undesirable .since-it is accompé;lied by
the bdeteric'iration of Lasfe and flavour (Hashiba, 1972). Hashiba (1973) observed that amino

acids and sugars were highly related to. the browning of soy sauce on oxidation as well as

~ heating, but Hashiba (1972) also pointed‘éut that, while both sugars and amino acids were
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| involved.in‘ the oxidative browning, heat browning mainly involved sugars with the 4mino as
acids, proba\ly actrng as catalysts. «Hashrba (1975 1976, 1978) observed that Amadorr
“*’fmpounos played an 1mportant role in oxrdatrve browning of the sauce‘.and 1solated 5 such’ :

e compounds He observed that’ therr formatron was by reactron of glucose ‘and neutral ammo

crds These frve Amadorr compounds are fructose glycme fructose alamne frucLose valme ’
fructose- 1soieucrne and f ructose leucme and they exmblt remarkable browmng mwthe presene'e |
of oxygen and rrofn but darkened very httle without oxygen or iron (Hashiba, 1978) Hashtba» ‘
et al (1981) mcluded fructose.-prohne as the sixth Amadorr compound 1solated from soy

sauce. The presence of these compounds and, therefore therr rsolatron from the sauce, 1s

v explamed to be that they are present in large amounts or that they are more stable Though

R

not 1solated it is consrdered that Amadorr compounds from pentose are- present rj SO¥:! Sauce
“The contribution o. pentose to. oxrdatrve browmng was' estrmated to be 75%, whereas hexose_
.‘contrrbuted 25% Hashiba ¢t al. (1981) alsogbserved that the Amadorr compounds derived "
vfrom peptrdes and hexose were more reactrve in non- oxrdatrve (heat) and oxrdatlve brownmg ;
‘than those derrved from ammo acids and hexose but less reactrve than the Amadorr
' 'compounds from pentose |

[

The Ted colour of SOy sauce orrgrnates front‘ the sugar moiety of Amadorr compoun)ds
" (Hashrba et al 1981) They noted that any mcrease in srde chain of amino acids corr;posmg .
thc Amadorr compounds decreased\gtgcolour mtensrty.. . RERE : R
In hrs revrew paper m 1986 Yokotsuka rndrcated that 50% of the colour of Korkuchr !
: shoyu is formed durmg fermentatron and agrng of mash -and’ the remaining 50% dunng , 4
‘;pasteunzanon The browmng occurrmg for the former is mostly due to Marllard reactrons :
xwhrch as prevrously mentroned occur heat- de’pendently between amino compounds such as '
- 'arnmo acrds peptrdes and protems }ﬁ carbonyl compounds represented by sugars '
,Yokotsuka (1986) also crted -a report. whrch rndrcated that soybeans and . wheat both‘
. contrrbuted to the he\at dependent browmng of soy s‘auce by 60% and 40%, respectrvely Also
‘ :contnbutmg to brownmg reactron as rntermedrates erther in absence or presence of a1r “are
3- deoxy -D- glucosone 3~deoxy xylosone furfural and acetaldehyde whrch be.ug carbonyl

o

;.M



* soy sauce. They fractionated the soy sauce into basic, acidic and neutral components. then

#

- 'produced by T orulopszs versatzlzs and T. etchellsii (Fukushima, 1985). An mvestrgatton Yin

O
v

. 50 100 ppm,_l"lEMF.-.mazlices the greatest cont,r/'ibuﬁon to the good aroma of the acidic fraction -

53

compounds react with the ammo acids " present in soy sauce.

e

f

. o
t of soy sauce. A detailed account on the colour of soy sauce is given in Yokotsuka S

) 86) review.

| 2 5 1 5 Flavour components and quality evaluanon
. Yokotsuka (1980) reported that nearly 300 volatile flavour compounds in the
fragrance of Korkuchr shoyu have been rdentlfred by Japanese investigators. The compounds'

T or components mclude 51 carbonyls 24 organic acrds 41 esters, 31 alcohols 3 acetals 11

"The type of lactobacillus used in the salty mash fermentation also contnbutes to the

sulphur and 36 nrtrogenous compounds 17 phenols and 62 others He observed that the most '

) 1mportant fragrance characteristic exrsted in the weak acrdrc fraction of shoyu

Nunomura et al, (197& 1978 1980 1984) studied the volatile flavour components of '

isolated and identified the important flavourous compounds present:

YOkotsuka (1981). obse‘rved\ that, on neutralizi'n@ soy sauce with alkali, the

charactenstrc fragrance of the sauce drsappeared and drd not return af ter it.was re- acrdlfred |

Thrs and the fact that the strongest. fragrance was observed in the phenolrc fractron led

: 1nvest1gators to isolate the important flavourous compounds from the weak acidic fractton of
,soy sauce. The presence o% 0.5-2. 0 ppm. of 4-ethylguaiacol was observed to have the taste
' (

characteristic of fermented shoyu and it also amehorated “the salty taste of the sauce'

1960,. into shoy_u_ mashes, showedv thatg the organoleptically good mashes contamed_ the

Toruiopsis species(Yokotsuka_, 1985). A % SR

Hydroxy furanones, ‘fourfd in the acidic fraction ’were observed to have'caramel'llke

flavour Included here are ‘4-hydroxy-2(5)- ethyl- 5(2) methyl 3(2H)-furanone (HEMF) ‘

A.,4 hydroxy 2 5- drmethyl 3(2H)- -furanone (HDMF) and 4-hydroxy-5- methvl 3(2H) furanone_

- (HMF). With a low threshold value-of-0:04 pp,b-a_nd 1ts presence in soy sauce frn amounts of

Y

L 5

g

'(Yokotsuka 1985) Together with p- ethylphenol 4- ethylguaracol and 2- phenylethanol are - |
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(l\lun’omura‘ et al., 1980). As‘ide" from havirrg an intense 'and f.ruity.‘aroma peculiar to soy
?:'sauce flavour the content of HEMF correlated positively to the quality of shoyu (Nunomura
el al., 1980) and 1t was concluded that HEMF is the most 1mportant constituent of "the
charactenstrc ﬂavour of shoyu " ‘ '
Pyrazmes were found to be the major consutuents m the basrc fraction, which gave -
the so-called "heated ‘flavour to soy sauce (Nunomura et al., 1978) Formed mostly by the
| Matllagd reactron they are consrdered to occur’ durmg the heat treatment of Taw materrals
| aging of .mash, and, more srgnrf 1cantly, during the pasteurrzatron of raw sauce. Accordmg to
'Nunomura et al (1978) the flavour concentrate from whrch the basic compounds are
removed has a heavy note to some extent, organoleptrcally, and the basrc&mmunds play theﬂ
role of reducmg that heavy note of shoyu aroma, rather than partlcrpatmg in the essentral_ .
qualities of shoyu flavour. The basrc compounds can: thus be judged to be 1ndrspensable to the
shoyu flavour ’ '
Phenylacetaldehyde present in the neutral fraction, was observed to contﬁbute greatly'_
'to the aroma of SOy sauce (Nunomura ét al., l9§4) The fractmn also contamed 2-phenyl- |
ethanol whrch is produced by Torulopsis specres (Fukushrma 1985) | co
+ Reporting on work done by some rnvestrgators on the flavour evaluation of Koikucht
shoyuf-léekotsuka (1985) pomted out that the fragrance of a fermented shoyu is roughly‘.
@proportlonal to its, content of ethanol, whrch is produced by yeast fermentatron It was

observed ‘that 11 chemrcal components, mcludmg alcohol degrees Baumé (densrty ), sodium

chlorrde reducrng sugar total nitrogen, formol mtrogen trtratable acrdrty a.nd pH contrrbuted" ’

_only 46. 3% {3 the preference for shoyu with ‘the alcohol content havmg t&re hrghest valu
Eleven aspects of odourous characterrstrcs contributed 96. 5% to the preference for odour f}
| f shoyu whrle 9 charactenstrcs regarﬂmg taste contnbuted 97 6% to preference for the taste of
- shoyu. Good after- -taste,_pure taste and. palatable taste had the highest posmve correlatron
coefficients, whrle too sweet too sour, abnormal taste and lack of harmony and body were
' the opposite. In conclusion, the mvestrga\tors st;essed that a good flavour shoyu must be made
'v by a totally fermentatxve m_ethod. free. frorn_' .drsagreeable odour denved from bactenal»- .

s
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contamination, must be well fermented by yeasts, and must have well-balanced chemical

) components Thus, an organolepttcally preferable shoyu has not only good harmony of taste

,components such as salty acidic, sweet, bitter and delrcnous but alsd good aroma.

. I 1

" dt
C NS

‘R_
2.6 Substjtute Raw Matertals for Sauce Productton o . ’
According to Yong ahd Wood (1974) several attempts had been made at progucrng
' soy sauce from Taw materials other than soybeans and wheat Though these attempts proved
unsuccessful it is of great interest to researchers in product development 1o make use. of raw "
" materials, whrch otherwrse have had no srgmftcant use for human consumpuon mto sauce
products whrch could be substrtuted for soy sauce, or .could remain as addttronal sources ol'
- amino acid- peptrde hydrolysates. - | o . “ B o ‘
Yong and Wood (1974) cited Church's expenment in 1923 in Wthh peanut press cake
.. 'wa,s use_d mstead of soybean and wheat mixture to_make the sauce. The sauce obtained was.i
gvi‘dently peanut’sauce slnce the taste of peanut was greatly retained. The authors feported in K
thrs paper that srnce control of bacterral growth and acttv;ty in such a process would be 5
extrcmely drffrcult fermentation of peanut press cake on an mdustrral scale would not be.- ;
easy. They also revrewed the work by a Japanese mvesrgator Apparently, during -the Second # ,
’,World War, the Japanese were desperate ‘enough to try to produce soy sauce from garbage
"Not long afterwards m 1949‘-~0da et al. prepared a. substrtute soy satIce ‘using acorns and ‘
: wheat wrth an Aspergtllus culture which produced tannase In 1964 the prOdUC[lOll of soy& ’
s sauce from soybean hull was eattempted by Kato and Matsumoto (Yong and Wood 1974) _
By 1966 as,,reported by Yong and Wood (1974) copra meal had: been found as’ a, \

cheap source of - protetnaoeous matenal by Baens -Atcega, who then clarmed to . have,

successfully utrhzed it together wrth soybeans, in a ratio of 1:1, for the mould process ol"
manufacturrng soy sauce. “ ' e . . | = .

- Luksas (1971a, b) suggested the productron of sauce from whey by fermentmg with -
Saccharomyces lacus and S cerevrsrae More recently, though havmg rnvesttgated the

E possrbrlrtv of brmgrng a lugh proterh crop mto acceptable form -of human food Ooratkul et

.



al. (1980) utilized rapeseed meal, a by-product of. cil extraction process and a cheap source of

- protein, to produce a sauce comparable in its aeceptability toa commercial soy sauce.

Asa result of the success of the prehmmary study on the utilization of rapeswd meal '

“10 produce a sauce srmrlar to soy sauce attempts have ‘been made at 1mprovmg the quahty of

the sauce (Ma and Ooraikul, 1986).

2 6 1 Rapeseed meal and sauce productron
- Orrgmally called rapeseed meal, thrs by- product of oit extractlon process of rapeseed
contammg lrttle or no erucrc acid and very low glucosmolates is now referred to as canola
meal. -
Contammg as much as 40% protein and rated as the best vegetable protem by Sosulski

'gil‘_

and Sarwar (1973), Oorarkul el al. mvestrgated the feasibility of rts use as a ravv material to

. replace soybean meal for sauce productron Table 2. 9 compares the proximate and amino acid -

composmons of canola meal and soybean meal.
Ooraikul et al. (1980) produced the sauce by usmg both the Conventronal (adapted
: from Umeda et al., 1969) and Semr-c’hermcal (adapted from Hesseltine and Wang, 1972)

methods. Results from the . twc} fmetgods proved that canola meal could be substrtuted for

(3 .
soybean meal in sauce produttion. Though the semi- chemrcal approach shortened the

fermentatron perrod to about one month th’e use of udrochlorrc acrd to prehydrolyse the
canola meal was observed to be economlcally unsound of an mdustrral scale For rnstance the
hrgh concentration of acrd is COITOSiVE, and to be used industrially would regmireé processing

eqtiipment which is resistant to the acid, in which case production costs would be too high.to

AN e .56
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<

. be competitive. The process would require the use of food grade acid and alkali, which, are

expensnve and the use of the acid would result in the undesrrable compounds peculiar to

chemrcally hydrolysed meal Oorarkul et al (1980) observed that yeast fermentatron did not
. occur for this semi- chemrcal process, and this deprrved the sauce of the’ aromas and flavour

characteristic of soy sauce.
: uee.
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Table 2.9 Proxxmate and amino acid COﬂlpOSlthnS of canola meal and soybean meal.

lo-
»

" ———— R g
L LN L€

Canola Meal ;’A :'S,v Soybean Meal
- / B oo ‘ P . :4

Proximate Composmon ‘ : o J
Moisture ) 749 0 - 00
Crude Fibre S 11.09 .
Ether Extract - . . 3.8 R
Protein (N x 6.25) , 37.96 , 45 01
Amino Acid Composition
(in protein %) « . C . :
Alanine - T 4,56 : : " 4.20

- "Arginine - _ ' 6.11 , 6.44
Aspartic Acid ‘ 8.03 _ . 11.20
Cystine v .. 1.23 ) P 0.65

. Glutamic Acid o 16.69 . ' ' 18.00
Glycine - ; 4.96 . 4,60
Histidine = o o 2.81 - ) oo 2.40
Isoléucine 3.98 . 469
Leucine . 6.97 S 749
Lysine , o 598 . , 6.22
Methionine - - o 1.78 - 1.40

‘ Phenylalanins 4,01 o . 4.80
Proline - ©7.00 ‘ 4.89
Serine 4.39 s 5.00
Threonine o 4.50 3,80
Tryptophan 1.16 : .. 120,
Tyrosine } ' ’ 2.46 - - 2.80
Valine ) . <51 5.00 .

. Adapted from: "Canola Meal for Livestock and Poultry ; June 1981 D.R. Clandmm Canola
.Councxl of Canada, Publication No. 59

t



- canola meal per se is hrgher in su

| 5
, g )

As a result of these problems, an improvement on the semi-chemical process was researched.

N

.

2.6.2 Improved short-fermentation method .
' In a bid to solve the problems encountered in the procedure used by Ooraikul e al.

' (1980) the acid hydrolysis of canola- meal was ehrmnated and replaced by a -moderate

hydrolysmg agent in the form of a proteolytrc enzyme, alcalase 0.6L (Ma, 1985) An endo-’

'protease of the serine type, alcalase 0. 6L was used to prehydrolyse the canola meal after

which the digested meal was mixed Wwith roasted wheat and inoculated with Aspergillus oryzae.
. o}

and A4 'sojae'. The mixture. was then allowed to undergo the natural fermentation. The process

is outlined in Figure 2.14.

2.6. 3 Result of enzyme-hydrolysed canola’ meal m sauce productlon
The condmons under which alcalase 0.6L was used to prehydrolyse canola meal

resulted in a total soluble mtrogen (TSN) value which accounted for over 60% of nitrogen

J\:

yield of the canola - sauce. Although the cznola sauce prepared with a cbmbrnatlon of A4

<

" oryzae and A. sojae produced the greatest TSN value of 1 34% and mtrogen yield of about
73.38%, 1t had the lowest ammo mtrogcn (AN) content” mdxcatmg that other mtrogenous

) A;,compounds were- present but drd not contribute srgmfxcantly to the ta'ste or aroma of the

i ‘sa‘uce As evrdence of a good qualrty sauce, a$ reported' by Hesseltine and Wang (1972), the '

AN/TSN ratio must be about 50%. Ma and Oorarkul ( 1986) indicated that most of the canola
sauces had AN/TSN ratxos greater than what was observed in the Krkkoman sauce used as
control except the sample whrch was made from the combrnatron of. Aspergrlh (Table 2.10).

» The amounts of the amino acids present in canola sauces (Tgble 2.11) were mostly

"lower than those found in the Kikkoman sauce (Ma and- Oorarkul 1986). Cystrne and

B

methromnc conccntratrons were hrgher in. canola sauces than 1n the Krkkoman sauce because'
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Table 2.10 Total soluble nitrogen (TSN), nii_rogen yield, amino nitfogen (AN) and AN/TSN
ratio of canela sauces, Kikkoman shoyu and enzyme hydrolysate of ‘canola meal (averages of

two replicates).

TSN (w/w) - - Nitrogen? , AN (w/v)

Samples* %)  -Yield (%) %) - AN/TSN
“csl o .74 08 606
CS2 . 1.16 £ 63.53 0.70 60.34
CS3 | 134 - 13 066 48.50
cst 12 VY S £ s
KS © 138 o - 0.70 '58.72
EH 0.85 sS4 064 75.29

1 CS1 = canola sauce prepared with A. oryzae and initial moromi pH of 5.5.
CS2 = canola sauce prepared with A. sojae and initial moromi pH of §5.5.
CS3 = canola sauce prepared with A. oryzae and A. sojae and initial pH of 5.5
CS4 = canola sauce prepared with A. oryzae and initial moromi pH of 6.5. A
- KS = soy sauce produced by Kikkoman Shoyu Co., Ltd., Japan. ‘
EH = enzyme hydrolysate of canola meal (wnh Alcalase 0.6L). prior to Aspergillus
fermentation.
? Nitrogen yield = TSN in sauce/total nitrogen content in raw materials (4.565 g/100 g)
 From Hesseltine and Wang (1978).-"
Adapted from: Ma and Ooraikul, 1986.
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Table. 2.11 Amino acids in canola sauce, Kikkoman shoyu and enzyme hy‘dro‘lysaté!)f canola -

 meal (mMole/mL, average of triplicate determinations). |

 Amino acid sl o2 C® Cs4 KS  EH
Asparticacid  24.40 3450 3550 3950 6570 © 435

- Thregiine 1440 16.70 24.25 1985 060 195
Serine 14.45 29.45 3140 3150 5235 430
Glutamicacid - 6185  83.40 87.75  76.80 8655  9.65
Proline ~ 20.80 2525 - 34.25 21.85 52.00 6.35
Glycine 935 2510 2890 28.90 3.0 340
Ainie 305 40.00 4195 4395 5565 6.7
Cystine | 6.20 7.35 8.7 7.00 340 490
Valine - 29.80 38.3’5‘ 450 88 T 595 . 670
Methionine ~ 13.60 12.10 17.15 1190 10.05 5.85

" lsoleucine  19.05 2355 2655 2290 4130 470
Leucine 3445 .4L75 - 29.10 40.15 65.10 8.15
Tyrosine ~ 11.20 13.75 16.15 1315 690 170
Phenylalanine ~ 16.45 1865, 285 1700 . 3105 3,95,
Lysine 11935 \23@@“ . 00 2405 49.05 145
Arginine 1765 25.70° 30.55 2575 2175 2.00

For an explanation of abbreviations used, see Table 2 10
Adapted f rom: Mag and Ooraikul, 1986.

g}’



50 g ground canola meal
+210 mL water
+15.39 mL Alcalase 0.6L

l

enZyme hydrolysis at 69°C, 2 h, pH 9

vb———water ‘
’ . i)

until mash contains 250 mL liquid

{

adjust pH to 5.5 with conc. HCI
. -

+ .. d |

140 mL liquid - ' - residual mash
+ salt -~ +50g¢g roasted,

: ' ground wheat’

+ Aspergillus -

culture
_ mcubated (kO_]l)
18% brine . ‘ at 28°cC, 72 ,
_ L : ' ]

pH adjusted to 5.5 with
conc. lactic acid (if necessary)
moromi
&
fermented at room
temp. for S wk

g

cake (-—~—-pressed ’
‘L pasteurized
'wuor——> 75°C/30 min
centrifuged _10,000 rpm

- Canola sauce

©

Figure 2.14 Flow chart of enzymatic production of canola sauce (adapted from: Ma, 1985).
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hydrolysis not only breaks down crude proteins to larger peptides, but also continues the

converSion of some ‘pe_ptides‘io amino;acic;l\s. The presence gnd amount of glutamic acid in the
sauce is highly significant since it is important as a flavouring agent in soy sauce. Yokotsuka
(1960) - has reported Udo's (1931b) cbticlusion that the chief ingredient responsible for the
delicious taste of soy sauce was glutamic acid and its salt. | | '
Like Yong and Wood (1976). QOoraikul et al. (1980)>also~reported a two-step increase
of total solublé solids (TSS) in the conventional method of sauce production. This“ waé
attributed to the,tv»;o-stage fermentation, involving lactic bacteria grOWth initially,‘ then th;:
growth of yeasts. Yeast gro’w(h coincided with a mash of pH below 5. On the other hand,
Ooraikul et al. ( 1980) obsgrvéd that there was only one rise of TSS in their acid h&drolysed
' pr0cedu'fe. which remained ﬁnchanged.to ihe end of the férmeritation périod. This observation
was also réported by Ma (1985V). Their cohclusidns were similiar, in\‘that there was no yeast
fermentation to give a second rise and, most imporgantly, yeast fermentation could not be

. ' O
initiated at pH above 5. The changes in ‘TSS and pH

the conversion of the.
proteins and sugars present in the- mash to amino 4cids, organic acids and 6ther "con;pound;i '
(Figures 2.15 arlld 2.16).
As a result of the improper development of. lactic acid and .yeaSI fermentations, the
titratable acidity found in the cancla sauces was slightly lower than that observed in the
Kikk/{nan séuée. Yet, based on the qualitative and quantitative characteristics of organic

acids in the sauces, Ma and Ooraikul (1986) indicated that the quality of the canola sauce

%

appeared to fall between that of naturally -fermented and éhemical,soy sauces. As indicated in

Table 2.12, the organic acids in canola sauces were generally less than what was found in

3

Kikkoman sauce.

The salt and reducihg sugar contents of canola sauces cémparcd favourab{y with
Kikkoman sauce (Table 2.135,'but greatér amounts of .non-reducing Sugar were present in the
former, probably’ due to the shorter féi'méhtatjon per_iod and, possibiy. the use of different

)

raw materials.
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Table 2.12 Total acxdnty (meq NaOH/100 mL) and organic acnd concentrauon

(mg/100 mL) of canola sauces, Kikkoman shoyu and enzyme hydrolysate of canola meal

—

(averages of two replxcates). ‘}r

e csl Cs2 CS3 Cs4 KS EH

Total acidity 24.40 16.65 23.45 29.95 33.35 - 16.30
 Citric acid 8.60 - 6.50 12.46 4.60 7.13 1.48

Isocitric acid ~~ 2.65 ©0.66 218 1.7 3.03

Pyruvic acid 014 ~ 007 - 015 013 0.18

Unknown 1 ++ + + + T +

Malic acid 29% 144 307 2.51 4.75

tr-aconitic acid  0.03 + 0.02 10.02 | .
-Unknown 2 ++ + + 4+ ++ ++ A

//9
Glyoxylic acid 0.08 - - -
, iy .

" Succinic acid 074 - . 0.74 0.52 o+

Formic acid 14.12 1676+ U/E 6.86 1687 0.57

Lacticacid -~ 36.01 63.78 U/E - 7458  87.86

Propionic acid 10.90 220 *3.80 7.60 48.49 -

For an explanation of abbrev‘iations used, see Table 2.10.

++ = significant amount; + present - =.absent; U/E = unable to estimate due to
g overlap. &

Adapted from: Ma and Ooraikul, 1986.

»~
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Table 2.13 Sugar and sa:lt contents of canol | 'c A K,lkkoman shoyu and enzyme hydrolysate

of canola meal (averages of two ref&hcates) ¢
N
Reducing sugar . Non-reducing sugar Total sugar Salt

Sample (% glucose) (% sucrose) (%) (% NaCl, w/v)

Csl '8.81 C . 658 15.39 19,

CS2 \? 7.43 o 1.26 8.69 18.72
- Cs3 8.77 . 2.08 “ 10.85 19.85

Cs4 9.67 . 0.49 10.16 20.37

KS 6.76 0.95 77 18.12
"EH * trace trace trace trace

For an explanation of abbreviations used, see Téble 2.10.

Adapted from: Ma and Ooraikul, 1986.
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‘Figure 2.15. Change in total soluble solids of the mash during the moromi stage of canola
sauce fermentation (adapted from: Ma and Ooraikul, 1986). - ' -
(A ) CSl, A. oryzae made koji, initial moromi pH 5.5
CS2, A. sojae made koji, initial moromi pH 5.5 -
CS3, A. oryzae and A. sojae made koji, initial moromi pH 5.5
CS4, A. oryzae made koji, initial moromi pH 6.5
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A . Fernentat i?n[ time, Qeék
S : * o .

¥ “o

"l 'anure 2,16 Change in pH of the mash durmg the moromx stage of cdnola sauce fermentauon
- (adapted from: Ma and Ooraikul, 198 o)., e K - . A
. (&) CSl, 4: oryzae made koji, initial moromi pH 5. 5 R L o
-(® ) CS2, 4 sojaemadckojx initfal moromi pHSS o BRI o\
' ; CS3, A. oryzae and A, sojae made koji, initial moromr pH 55 R g

(o
(A Cs4, 4. oryzae made kop mxnal moromx pH 6 5

» A R g } .
%y B S L
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The colour dlfference between canola sauce and Klkkoman sauce ' was attrxbuted to the
] e N
: drfferent condrtrons espectally temperature and ttgne employed m the productton and.
pasteunzatnon of the sauces and also to the constttuents of the different Taw matenals lt was
observed that the colour of canola sauce was shghtly darker than Ktkkoman sau% and it had

s

a yellowrsh tmge whtle the Klkkoman Was more reddish ,' . - ~
_ Even though the sensory evaluatron results were mconcluswe and diffi icult to mterpret

. the overall acceptance suggested that the: c 'ola sauce was mfenor to kakoman sauce. but

‘comparabla'rto Chm? sdy sauce. The rep”_ t-also indrcated that the canola satice lacked the_ .

- mynad aréﬂw& typfﬁoﬂ 7',Engh qlﬂunln;y soy s;uce a dlfference wludh was attmbuted to the

'deftcrency in acrd and sugar fermentatlons curmg the moromi stage ol' sauce production.

: Although the taste of canola sauce was Judged to bg/ qutte similar to goy sauce an

inprovément in organolﬁptlc quality was necessary. ' A i

T, . N
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3. EXPERIMENTAL  * °
. 3.1-Culturing of Microorganisms

3.1.1 Reyitilization of stock mould cultures . | o o ©
* 3.1.1.1 Materials
1, MterOOrganisms

Aspergtllus oryzae 14895 (NRRL 1989) and Aspergrllus soja 16320 (Amerrcan Type -
- Culture: Collectron [ATCC), Rockvrlle MD) Both cultures were mamtamed on Pciato .

" Dextrose Agar
| 11. Media — _ o _
& ”Potato I).er(.trose'Agar [PDA] (Dif co Labor'atories, Deti'oit, I»:IN'); »Peptorle Water"
- 3,.3 i ‘2 Quip‘rient . k ‘ . N

| o ,‘.;) AMSCO IE‘B/ Isothermal Autoclave (Amerrcan Sterrlrzer Co “Erie, PA) _

(b) Low temperature mcubator (Thelco Precrsron Sc1entrf1c GCA Corp., Chrca%/

(c¥ Roux bottles and,l'co'rrrinorr 'eulturing facilities.

KN

3113CultureMethod _, e o

Mould mycelra were aseptically transferred from roux bottles irrto separate sterile test
: tubes contammg about 5 mL of sterile peptone water, and mrxed horoughly Approx 0.1 mL
"'pomons of thp suspensxons of both mould ultures’were transferred aseptrcally onto separa
‘ PDA plates and mcubated at 37C for S\¢ untrl proque sporulatron “‘occurred. Spores were”
: scrape‘d and. the aseptrc transfer process to peptone water was repeated A Ioopful of. spores .
was streaked on PDA plates and mcubated at 37'C for 48 h A smgle colony from each type "’t"‘
'of moyld plfed was then subcultured 3 times, and transferred onto slants. These were ;

2 A
mcubated and marntamed thereon T PR ‘ ' o



g "Fwe mL peptone water was added to slants of bofh moulds and the myceha were °
loosened with a’ stenle spatula into the hqmd phase One mL of the suspensrons from both
slants was  pipetted 'as_eptlcally ontq separate pre-prepared PDA beds in: sterlle roux bottles.
and the suspensions spread smoothly oversthe agar bed with a sterile glass spreader. The,roux
bottles were plugged with sterile dispo plugs and incubated at 37°C for 48 hr. '

3.1.2 Rehydration of freeze-dried bacteria and yeast cultures -
3.1.2.1 Matorials . e ° : ‘

. . T ) » a
1.~ Microorganisms \ ‘ i v v L
ra

's'f‘

Pedzococcus halophzlus ATCC 21786 Saccharomyces rouxii ATCC 13356, m . |
. ' »*; S
Torulapsts versatxlts ATCC 20191

-

. 11. Media and reagents
(a) Sodlum Acetate Medrum 1 (SAM 1), broth and agar (formlggtlon described in
ATCC Catalogue Rockvxlle MD). The basic components of SAMl broth are: (33 g) SOdlle
Acetate (10 g) Glucose (3 g) Yeast hxtrart ( 10 g) Peptone (5 g) K ,HPO,,-(5 g) NaCl and
dlStllled water to make‘ty tollL. (15 g) Agar was added to the broth composmon to make
- SAMlAgar | RS : o ‘ RS \{
) (»Dﬁvl broth and Agar (DifdJ Laboratories, Detrort MN)..
() Stdrile 1 M HCl B

3.1,2.2 Equipment .

- Controlled Envifg:rlment Incubator Shaker (New Brynswick Scientific Co., Inc

Edison, NJ). - S /

3 1. 23Cu’lture methods - 4' : _ v
' ’ Y o
Freeze dried - cultures were aseptlcally removed from the wals in the f ollowmg
N . 8;7} - : . " .

- £

manner

For the double vial preparatlons the tlp of the ou 'ta was"f‘h_eated in ‘a“flame, and
a few drops af water were squrrted on- the hot trp to crac'

»

ss. A file was used to strike ¢

e



~.

» gauze wrapped Kwnh the same gauze and the tip broken at the scored area

the ﬁp. after which the inner vial was removed. With sterile forceps, the cotton plug was
. ) L)

' removed from the inner vial.

Opemng sthe smgle vral preparatton mvolved scoring the ampoule once wrth a sharpl

f xle about an inch from the tip. The ampoule was then disinfected wrth aleohol dampened
/

‘ .

Sterrle SAM 1 broth and Y™ brdth which had been prepared before hand were used

o

to rehydrate the’ freeze dried cultures SAM 1 ‘broth (0 4 nmil) was aseptrcally added to the

‘trarﬁlpe'rred into a stenle test tub; containing 5 mL of SAM 1 broth, pH 6.9. A drop of the

orlgmal mixture of culture was punched m% an agar slant ‘Both slant and inoculated broth

| were then mcubated at 30°C for 3 to.4 days. The culture margtamed on the slant, ‘was then .

stored at 4°C. - @ s | | oL -

o Both yeasts Sacchara#ryces rouxii and Tpndopszs versatzlzs were rehydrated m at

&'glmrlar manner but in sterile: YM broth and mamtarned on the surface of ™

| separately iffo 6 tes( tubes Bach test tube contamed 5 mL. of broth wrth the salt

~i

3.1.3l'Ada'ptation of misroorganisms, to high saline environments -

nts.

The pH of . thie oth was kept at 4 5 Inoculated brothu.«and£ slants were also mc\ubaﬁ’atz 263
“for 4 days m a shakmg mﬁbator The cultur& malﬁ’ﬂnled%n the slant was. stored at 4°C.

All the growmg cuItures oT P. halop)ulus S rouxu and T «dersaalzs were subcultured/

" times until the growth was profuse ¥ o 'B} ‘. . .
v ’ : \

° <
- Cultures of mlcroorgamsms mamtame therr respectrve ?nedra were subcultured
. ’-‘ﬂ
monthly
& . R R . L . . . A ‘ %?3’9'&’

4

. Pk
v
o

o ’ . v

3 1.3. Trammg procedure

Broths of both medra were made with mcreasmg salt content of 3 6,9, 18 and 18%

(NaCl W/\Q\ The pH ‘of SAM 1 broth was adJusted 106.9- 7 0. Nsterrle 1 M NaOH whrle :

~

the pH of YM broth was adjusted to 4 5 w1th stenle 1 M HCI ' 7 v o

freeze-dried Pedtococcus halophrlus culture wnh a stenle prpette mrxed thoroughly and then.

T A

One mL each of’ the cultured mrcroérganrsms (sectron 3.1.2. 3) ‘was moculatyl/

-

v i

3

VS

>



‘concentratrons mdrcated above All the cultures -were mcul:?ated at 30C The bacterra cultures

314, 2 Procedure

- were tncubated statically f or one @ek whrle the yeast cultures were mcubated for § davs ina

shaking mcubator , »
Cele growmg in the 18% NaCl (w/v) media were thereafter transferred tnto fresh

medra but wrth same sahmty«: Subculturmg of cells growmg in 18% salt medlum was done 7x

'vat a weekly interval. The tramed ciNtures were mamtamed m 18% salt medtum mcubated for

se of S. roule and T versaulls. then stored

Z\*l.-l;4 “Growth_ of tralne:l Imrcroorgantsms; ' PRt | R “3’.
'3141EquipmentA : o .

< fe (a) Spectromc 20 (Bausch and Lomb)

(b) Sterile 250 mL_ srde-arm erlenmeyer ﬂasks.
(c)‘ Petr-dishes; dispo plugs. .
. R €

v

’ . " ol { R
Frve mL each of tramed P halophtl‘us S rouxn and T. versatzhs cultures were -

!

»“A o

1

transferred mto 3 sterrle 250 mL srde-arm erlenmeyer flasks, one contammg 50 mL of 18%

’v,shakrng mcubator for 6 days

N

,NaCl -SAM 1 broth and the other two containing 18% NaCl YM broth. The pH of SAM 1
broth was adjusted to 6 9-7 0 and YM broth to pH 4. 5 The flasks were plugged with sterile =
- .

non-absorbent drspo plugs which had’been wrapped wrth alummum fonl and mcubated at

»

30C. P. halophzlus was mcubated statrcally for 11 d, while the yeasts were mcubated in a

" The outsrde of the srde -arms on the flasks were wrped clean with alcohol, the contents |

PR 4 PR

culture in the arms. The srde arms were then mserted mto the cell $ ot of the spectrophoto-h .

meter and the_,optrcal, densrt_res read at 550 nm. Uninoculated 18% NaCl- S,AM 1 broth and - 18%

e , | e

_-in the ﬂasks shaken thoroughly to rmx the cultures ang thg ﬂas?trlted to obtain some

4

, -



o2 LN
'v

e
T e

"._srmrlar flasks, were; tised as rcference blanks EE 0"

. "NaCl- YM"brot[h.‘;'

I

On ‘¢ach day of OD measurement 1 mL of mocula from all3 tramed' 'cultures was
_aseptl‘cally pipetted into 3 separate stenle test tubes havmg 9 mL of 0:1% sterile peptone water ‘
and’ contatmng 18% w/v. NaCl @nally drluted bacterra cultures (0 1 ﬂL) were plated on both

bastc and salt contaming SAM 1 Agars agd wowed to dry, at;pr ﬂlch molten: SAM 1 agars

' g

wrth snmrlar composmons were poured over 310 %eate mrcroaerophtlic condmons The d&
Y .y} »

plates were inverted and mcubated at 30C for 6 d m a c fr;olyetﬁbylene "bag'to prevent

dehydratton of the medrum Dtluted yeast cultures (0 I mL) were also plated on b%sielg&ld o A

‘0 4

LY

-

» salt- contammg YM Agars dned inverted- and incubated: at 30‘C fo*r ’3‘.61 ?éfore the colomes .

\&ere counted
: %‘ " To enumerate the microorganisms growrng in the canola mashes both the basrc medta

}, . sie.
* and $hedia contammg 18% NaCl were used, and 2 Sgof sodtum proptonate was added to :each -

_ lttre of rnedtum The- yeast medtung was then acxdrfted to pH 4.5 with sterrle 1M HCL

9

3.2 Preggiratloaoji ‘.

3.2.1 Miiterials

i

(b) Wheat grdlns purchased from a local suppher o ' 9

|- P ' e’ .

(c) ~Alca1ase 0 6 L ('Novo Industri A/S, Enzyme Drvrsmna Novo Alle Dagsva.erd

N ?' Iy
(d) Mould cultures Aspergzllus oryzae 14985 (I& 1989) and Aspergleus.s'so_@

' 16320 (Arcc Rockvrlle MD).

‘Denmark). - ' . T e
on , \ S

. 'fo PR ‘C(? . » ’
322Eqmpment L, R L _..‘(L‘

(a) © mbr Tttrator 3D (Metrohm AG, Herrsau Switzerland). The combrnatton of

pH meter 512 Impulsomat F 473 and Multt -Dosigraph* E 425 served as a regulattng devrce to ‘
hold pH at a constantgvalue whtle the canola meal was being digested by the enzyme The '
\ " -

“ “¥

Lo
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. 3.2.3 Procedure E ”Q |

alcalase 0. 6L in the hydrolysrs vessel and strrred contmuously wrth a ma@etrc strrrer .(;}}dn

,"!' : " ‘ P , - .13

Dosrgraph recorded the quantrty of reagent that was required to keep the pH constant, thus
permiltmg the progress of hydrolysis to be followed. The Multi- Dosrgragt was connected 0a A

dor]‘blé walled Jacketed hydrolysis vessel with a multi- socket lid whrch had opentn@gs for an

autoburette and pH electrode, and which was mamtamed at a constant temperature wrth a

water‘bath.‘. The hydro]ysrs substrate in the vessel was automatically titrated with 1 M NaOH

to marntarn a constant pH. &

(b) Temperature Controlled Water Bath (Thermomix 1480 B. Braun, West

o

Germany)

(d) Wine Press (Walker Desmond Stockport England) manually operltd% r,,s tg t
E (d) v g@ﬁ%od eLadenCo Cosp., Kansaszﬁlltx MO) N

E3 .

K . . +

L

@

The temperature of the hydrolysis vesscl was mamtamed at-69'C with the water bath

Defatted canola meal (50 g) was mixed wrth 210 mL of drstrlled water and 15. 4 mL of

of pH during the hydrolysis was monrtored contrnuously w:th the lmpulsomat pHumeterg

¢

| - through. the alitoburette into the hydrolysrs vessel.J’he hydrolysis was termmated after 2 h-"

e
and the volume of NaOH used was recorded by the Dosrgraph C e . v

»

* After 2 h drgestron the pH of the drgest was teduced to 5.5 wrth conc. HCI”A*’ and

about 66% of the total hydrolysate in the drgest was pressed 'but Roasted and ground wheat

‘

-*(50 g) was added to the resrdue of the hydrolysed can&r‘neal and mixed thoroughly T‘hei

~ final morsture content of the mrxture was about 40 45% The canola meal wheat mixture was

>

placed rn a shallow stenle alummum pan and aseptically 1noculated with 0.1-0, 2% per gram v

dry werght meal of .a mrxture of A oryzae -and A soya prepared 1ﬁ section - 3 1 1.3. The

inoculated mash was incubated at 30°C for 72 h to form the ko;r. It was stirred after 20 and

" 40 Ir of incubation.

*
".
.‘-

Al
the pH s deviating from the set pH of 9.0 were readjusted with 1 M NaOH, automatrcall)[ f 5%

v
P

Y
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3.3 Moromi Fermentation .

~3.3.1 Moromi
Salt (NaCl%was added to 140 mL of enzyme hydrolysate, Wthh had prevrouslyv
pressed out -of the @nola-meal digest, to make an 18% w/v NaCl solutron This. was added.to”

the 72 h ¢old mature kop which had been transfe mto a stenle 500 mL wide- mouth

erlenmeyer flask to form the salted mash (moromi) The pH, ofr.the moroml was adJusted to

- T
© 6.5-7.0 with HCI. L
e BT .
‘:/‘ :%.?‘[ .
3.3.2 Fermentation procedure | A 7 \ w !

Three batches of moromi were prepared for the productxon of canola sauce (CS).

_ They were 1dent1fled as CS1, CSZ and CS3. The traln& mlcroorgamsms from section 3. 1 3. 1
Awere mcubated in fresh 18% NaCl media prior to the preparatxon of the moromi. About 7 mL"‘
of trained 7-day-old P. halophzlus culture was moculated into CS1 and CS3 contained in the

stenle wide- mouth flasks, thoroughly stirred with sterilized spatulas and plugged with sterile
dispo plugs wrapped in aluminum foil. CS3 was also moculated with about 7 mL ea‘t:h of -
. 3;day-old cultures of §. rouxii gnd T. versatilis. CS2, the control, was not moculated with any

\ Coe . '
mi‘croorganism All inoculations were done i\ a sterilized UV hood.

CEN

The morom1 masheg were aseptrcally sampled before the 1noculatlons and analysed for
composmon "The moculated CS1 and €S3 and umnoculated CS2 were mcubated at 30C The

{_
mashes were stirred - and aseptrcally sampled every 2 4 d throughout the 31 d period of

fermentanon for chemlcal analysxs and v1able counts of m1croorgams S present The analyses
'mcluded tcgal soluble sohds (TSS) total soluble mtrogen (TSN) /le‘cose sucrose glycerol

lacnc acrd ethanol ammo mtrogen (AN) pH and tota / tit¢atable ac1d1ty (TTA)

. measurements.

-’)‘ ’
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3.4 Extraction

3.4.1 Materials arld equipment .
(a) Wine Press (Walker Desmond, Stockport, England), manually operated.

(b) Cheese cloth and glass sample bottles.
i

'
-

P
3.4.2 Procedure
The fermented mash was wrapped in layers of cheesecloth placed m the wine press,

and pressure was manually apphed by means of a screw The extract obtained was the raw ""4’"
canola sauce. ‘ : h e,

. &

-~
"

a0

3.5 Refining

This process involved pasteurization and filtration of the sauce before bottling. we

“ K . S .
2y % . i
o
I . w

35.1 Equrpment : . @ Q:"‘J? _ ‘ l
(a) AMSCO Lab/lsothermal Autoclave (Amencan Sterthzer Co Erie, PA). . | %
(b) 250 mL poly rbonaté centrifuge bottles (Beckman Instr. Inc., Fullert%n CA).
(‘c) Prcparatrve ntrifuge equipped with JA-14 rotor (Beckman| Instr. Inc.,
’Iﬂert_on., CA). } o . | | | |

(d) Whatman No. 1 filter pads, 12.5 cm (Fisher Scientific Co., Fair Lawn, NJ).
A : 3 N

.

p ~. ‘ R
A v Lo : : ¢

3.5. 2 Procedure ’
The 12W canola sauces contarned in the sample bottles were loosely capped and placed ’
~in the 1sotherma1 autoclave, whtch had bs set at 80(: The samples were heated for 30 min.-
“ The pasteunzed sauces were cooled slowly at room temperature to allow sedrmentatron of
: Aprotemarceous matenal. The cooled sauces were decanted‘,/ into centrifuge bottles andl .
'\ centrifuged at 10,6_00 rpm for 30 min in vthe JA-14 rotor. The supernatants were then filtered

in the sterile UV hood. ST j)

»



3.6.1 Fractionation of canola Sﬂlﬁ

'8. . : 76
)

The manufacturing process for the production of the canola sauce is outlined in’
) _

Figure 3.1,

¢ r : - .
o . )
J . ———— e

3.6 Soluble Components of Sauce

N

.

_‘3 6.1. 1 Matenals and ERuipment

(a) Cauon -exchange resin; Dowex 50 W X8, 100-200 mesh in H* form (SERVA &

Feinbiochemica, Heldelberg. FRG)

(b) Anion- exchange resin: Amberhte IRA 400 20-50 mesh in- Cl form (Terochem

Lab. Ltd, .Edmonton, Alta.).

hi-Rotavap-R (Foss Electrxc Canada Ltd., Cornwall, Ont. ) thh water bath

Y . . )
mamtamed at 23 G and 30°C. : @, ’ . o
~(d) Burettes 4 M NH,OH; 1 M NaOH 1M HCl . '

. £ b e 0 Lty w0 n z_\% e v\\ A:

3.6.1‘1.2 Precedure for fractionation

3
A Preparatxon of exciyznge columns

. "
(fatxon exchange column A slurry dY catlon exchange Tesin was packed to 15 cm

henght in a burette plugged at the bottc}m with glass wool. Distilled watekamdlfled with 1 M

HC] to pH 1 was slowly passed through the column to equ1hbrate the resin. The eicess acid Y

was washed off with distilled water ,unul the effluent was neutral to pH paper. A layer of /.

glass wool was also placed on top of the resin column

Anion- exchange column. A slurry of the arhon exchange resin was packed into a

‘burette to a height of 25 cm. The Cl- forfn was converted to the OH form by slowly passing

b )

\ 1M NaOH_ ,through the column.. About twenty-bed-volumes of NaOH were used for the

conversion, after which the excess NaOH‘ was washed off__with distilied water until the

" effluent was neutral ‘to- pH paper. The top of the resin bed was covered with glass wool to .

prevent disturbance of the resin layer.

> ::" -
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B. Fractionation
Two mL of canola sauée ,k: ,

poured down the cation-exchang'&‘ - The sample was allowed to penetrate the resin béd
until it was level with the top lahy

and 40 mL of effluent was col}® a rate of*1 drop per sec. This 40 mL of effluent was

further passed through the anm

100 mL of effluent was collected .as' the neutral-fraction.

\

change column and washed with 60 mL water. A total of

_ The cation- exchange column was eluted\wrth 110 mL of 4 M NH‘OH slowly, and 110
‘mL of effluent was collected This contamed the nitrogenous compounds and amino acids.
The anion-exchang¢ delumn was then washed with 200 mL of 1 M NaOH and 200 mL
of effluent was collected. This fraction contained the organic acids, which were in the form of
© Na- salts.’ | | |
.

C Regenerauon of exchange resins “

¥

completely, followed by acrdrfrec@"‘ter pH 1, tg convert the counter-ion back tg H*. About

i _ 3-bed-volumes of the acidified water was used. . 7 ; Cy

hl

4«

The anion-exchange column: was srmllarly washed with water, f oliowed by 1 M HCl to
regenerate the Cl- form of the resin. . s i’ - '

D, Coﬂcvntration of fractions = | '

_‘Te'n' mL of the NH,OH fraction was co.ncentrated by-evaporation in the Rotavap at

30°C, and made up 20 18 mi with distilled H,0 acidified to pH 2.2 with _con.ct HC). This was

-used for the amino acid analysis. . o ; - -

.
@" he NaOH fractron contammg the orgamc acids was also concentrated by evaporatron

B4

~in- the ﬁgtewap at 23 Cf then dr’luted 10x wrth distilled water. i %,, & ‘,

b//'\/

e Tesin. The column was washed with 40 mL of water .

Water was slowly passed through the cation- exchange column .to wash oy the NH.OH :

.‘ I T T . R
s;’,v ,,'_gh,l,‘, ‘j"'aw
g * )

«
%
a
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© 3.7.2 pH measurement . ~ N

5 7
fe

19

3.7 Compositional Analysis -, : o o .

V3 7.1 Total soluble solids (TSS) measuremen} o .{l

One gram of mash, taken over the period of f ermentauon (every other day in the first
week, then every 4 days thereafter until the fermentauon was terminated on'day 31) was
pres£d to extract the liquid. A drop of this .extract'was used for :TSS measuremént with an-

Abbe refractometer (Carl Zeiss, W. Germany}). ' , | I
v ° ‘ /\ . LY

> . -
The residue, after extracting the liquid from the samples taken, was used for the pH

0

measurement. The method was adapted from A.O0.A.C. 14.022 (1980)/. Two grams of Tesfdue
was weighed into a clean, dry: beaker and 20 mL of recently boiled water at 25°C was added.
The mixture was shaken and surred f or 30 min to suspend the particles evenly. It was allowed

to stand for 10 min, after whrch the superratant was decamed and pH delermmed
j L4
immediately with a Fisher Accumet Selectrve lon Analyzer model 750. '

3.7.3 Analysis of ‘nitrogen-containing compounds

3.7.3.1 Quantitation of total soluble nitrogen (TSN)

TSN of the samples was determirred on 0.3 mL of the extract, using a #icro-Kjeldahl

»
I

method adapted from AO.AC. 47.021 (1980). 4 | S

» B ! * . » &\
3 7.3. 2 Quanntatlon of amino-mtrogen (AN) Co A . / .
- - .
'AN of 'the samples was getermmed on 2 mL of 1000x dnutcd extract with 2 method
adapted from AO A.C. 10.179 (1980) A Beckman DU-8 spectrophotometer was used t‘or

,absorbance measurement at 570 nm.



’

present were ‘separated

3. 4 l Quantltatlon of total tltratable acldity

il : B - *

3.7 3 3¢ Quantrtatron of niino acids. B o

A Beckmsn Ammo Acrd Andyzer modet 121 MB (Beckman Instr Inc Palo Alto
CA) was usedy, for the analysrs of ammo acrds T he catron exchange ef fluent was actdlfted :
£
wrth dilute HC, pH 2, 2 mjected mto sample storage corls and placed on the turntable of the -

utomattc sample mJector (ASI) . \»'. S | o

A contmuous stream of '3 buffer solunons was pumped consecutrvely through the

resin column, aftert the sample had been m_t%d at a pomt between the’ buf fer pump and the

' resin column. Thrs.samili became a part of theteluent stream. The ammo rt‘d' components

the column by‘ the drfferences in thetr af frmtres forhe resin. The

" column effluent was mtxed with nmhydrm reagent, passed through a heated reactron coil l' or

colour development and ther through a colorrmeter‘ l‘or detectron The c&lbur mtensrty of :

N

' ﬂeach amrno acid was recorded ona chart recbrder. L N\

The operatmg mstructtons as prov:ded in the users manual for the Beckman Amino
Amd Aqalyzer model 121 MB, are as follows column size: 2'8 x 300 mm; resm AA- 10 resin .
bed helght 200 mm; buffer flow tate 10 mL/h; ninhydrin /flow rate 5 mL/h first buf fer pH
3.28, 0.20 N Na*; second -buffer pH 3.90, 0. 35 N Na*; thtrd buffer pH 4.95, 0t140 N Na P

sample drlutmg buffer pH 2. 20 regenératmg reag&n NaOH 020 N; column temperature

,hrgh 65 yOX .column temperature low S%C £

'3.7.4 Analysis of Acidic compounds: ., - LT | 3

One mL of the pasteurrzed sauce was drluted 5x, decolorrzed wrth about 1 g of pre-

prepared carbon decolonzer and ftltered through Whatman No ‘1 paper. One mL of ftltrate

,-fwas trtrated wrth 0. 005 M NaOH using phenolphthalem as mdrcator The ‘method. was

) adaptedffrom Onaga et-al. (1957)

>
C.
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- o ~ - v - " . ' e \,. L - ‘: . v, v . ‘. .
3. 4 ZQuantltation of lactic acid S ‘ _ S /e
\
* A 0. 1 mL aliquot ol‘ a 100x dlluted extract from the mashes and also 0 1 mL each of 4

r?w and pasteurxzed sauces (100x dnluted) were used to determme the amounts of lactic acrd
present A UV method adapted from Methods of Enzymatlc Food Analys1s (Food Analysrs
Boehrmger Mannhelm) mvolvmg test combmatrons was used

The pnncxplmnmlved in the determxnatnon is as f ollows
L-LDH

pyruvate + NADT-I + H‘

(2) pyruvate + L glutamate SPT, E-alamne + a- oxoglutarate

(1) L.- lactate + NAD’

where L-LDH = L -lactate dehydfoqlase, GPT = glutamate pyruvate transammase

L]

The amoun,t/oﬁ\IRDH formed in reaction (1) is stonchrometnc thh the cont.entratlon ‘
-of L-lactrc acid; as such the increase in NADH‘IS determgned by means of absorbance at 340
/nm%’? The general calculatlon formula is: v‘ s

RN . 2

o Concentratnon (C g/L) = (Vx MW x AA)/e xdx V X 1000 -

o .wheré,: V = fmal volume of reaction mixture (mL) 224, v = sample vo].ume (mL) =

C0.1; MW, = molecular werght of lactic acrd = 90.1; d = light path (cm) ¢

adsorptnon coefficient of NADH at, 340 nm (L mmol- cm” =63

Al

- Therefore: ¢ ' B .‘ o S o
—(224x901xaA)/(63x1x01x1000) ~

2018x(AA/6 HxF : R o -
bl ey \ H
glvmg g lactic acid /L sample solution, and where: AA = absorbance difference;

o

. F= dlluuon factor lOO.

- 3,7.4;3'Quantitation of organié acids using HPLC

Materials ' St S L

b ' . .
Fxsher Scientific: glacial acetic acrd 99 8%, oxamf‘anhydrous propromc acid,

4 99% succmlc acid, 99.6%. .

ngma Chem Co.: citric ac1d anhydrous glycohc acid; lactlc acrd 30% solutnon ]

pyroglutamtc acid; pyruvrc acid, Na salt, crystallme

ey
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K integrator (Varran Modq

Aldrich Chém- Co.: L-malic acid, 99%.

- . -
. . R

‘< BDH Chemrcals formic acrd 98% : L "
0. 008 N sulphurrc acrd ' }
Eqrupmenz h SR - _ 9‘

_ The HPLC system consrsted of a Model 300 LC pump in combmatron with a Model
210 Guardtan (Scientific Systems Inc. ) and a Spectro Monitor D variable wavelength detector
with automatrc ze;g.(LDC/Mrlton Roy, Riviéra Beach._‘FL). Results_ were recorded thh an

270) and a recorder ('Varian AssoclateS' lnc CA) A 20 uL loop

- was attached to the pump and to the HPLC column for a constant, 20 .zL loadmg, of the .

sample- The synnge for sample AmJectron was from- Rheodyne -lnc (CA)v ‘A resm-based

Ammex HPX-87H column. was used bdth with®and wrthout a column heater. Both the column

and the column heater were manufactured by Bro Rad Laboratortes (Mlssmsauga Ont ).

Procedure ' ot ‘ < -

A“0.00S N H,SO, solution was employed as the eluent for the analysis, and the -

conditions used were: column temperatures, room temperature and 65°C; "'U-V' detector

- s

monitored at 210'nm; U-V range 0. 1 attenuation 32 and 64 Saart speed (').5. cm/min; mobile |

phase (eluent) flow tate 0.7 mL/mm R B N '
3 . ) ' .
Solutions of the mdrvrdual organic acids, as found in commercial soy sauce

A3

(Yokotsuka 1986), ‘were preparedﬂ and analysed in triplicate with the HPLC»at both

o temperatures and retention’ trmes and peak areas were’ recorded o ‘

a -

A calrbratron curve was m v or- the standard orgamc acrds by plottmg peak areas '

 against the concentration of the acids.

¥

The organic acid fraction, ?tamed from the anion- exchange column, was then

~ analysed ina srmrlar manner,

Retentron ‘times of the peaks were compared to those found fot the standard orgamc

R

acids’ to identify the individual acids present.;‘l".he ‘samples were 4_then sprked 'with known

OrganiC~acids\to confirm the acid identifications. Individual acids present,ifn' the sample were
R \\ . . X - -\:‘.\.‘. o .

AN . . . . -
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‘ qua‘rJif iéd using the standard curve. - N B ‘ .
375 Analysls of sugars L e e ' ' ’ o
. ) B e I . . o o ' .

R
!

3. 5 1 Quantitatlon of glucose as reducing sugar and sucrose as non-reducmg sugar .

KThe analyses were performed on 0.1 mL of the 100x dxluted samples The glucoSe

| conceﬂtratlon was -determined before and after the enzymanc hydrolysis, usmg thenp

N UV method fmm Methods of Enzymanc Food Analysxs (Food Analysis, Boehnnger S
Mannhetm) The pnnc1p1e for thls' method mvolved the determmauon of «glucose before

inversion reactions (1) and (2), and then the enzymatu: inversion, reactlon (3)f
“ HK

(1) Gliicose + ATP =—> G6P + ADP B '
. G6P-DH ‘ .
(2) G6P + NADP —_— gluconate- phate + NADPH + H* .
"The NADPH formed in the above reaction was stomhmmetnc thh the amount oﬂ N

4
glucose and was measured by the increase in absorbance at 340 nm. :

(3) Sucrose + H o B-fructosidase, glucose + fructose . |
/ The dlfferense between the glucose before and after enzymatic inversion was
calculated as the sucrose content fﬂ)sorbance was measured at 340 nm. HK = hexokmase
B6P-DH = glucose -6-phosphate dehydrogenase.
The general calculation formula is: |
Concentratipn (C, g/L) = (V‘x‘MW .x AA)/e x d x V x 1000
For sucrose con(:entration :‘ |

C = (3.02 x 342,30 x aAsucr) / ¢ x 1x 0.1 x 1000

= 10.34'x (AAsucr/6_.3) x F
o . » . i ) ) ) v \
giving g sucrose/L. sample solutlon; where: aAsucr = aAtotal gluc a aAglc; F =
dilution factor (100). ' |
For glucose concentration

= (3OZXISOIGXAAgluc)/63x1x01x1000
='5.441 x(AAglq,c/6 3) xF /



giving g glucose/L sample solution. - '
3.1.6 hnalysis of alcohals . R

] ' .7

3 7. 6 1 Quantltation of ethanol L~
| Ethanol determmauon was done on 0 1.mL of the 100x dtluted sample extract. The
fprmcrple requtred that the NADH produced (whtch was stoichiometric with half the amount

of ethanol present) be measured #} 340, nm ThlS procedure was adapted from Methods of

3

Enzymanc Food Analysrs (Food Analysrs Boehrmger Mannhelm,

Reactions: . o
- ’
(1) Ethanil + NAD" ;':P.P_L acetaldehyde + NADH +H

o (2) Acetagdehyde + NAD‘ + H,0 A—L—IE» acetlc acid + NADH + H'

where ADH = alcohol dehydrogenase AL- DH = aldehyde, dehydrogenase
The general calculation formula is: ’ )

. Concentration (C, g/L) = (V x MW x;A)/e x dxVx2x 1000 ‘ » '
yielding: + . S ‘ | | |
G= (-315x45‘07xAA)/63x1x0.1x2x1000.‘

= 07256x(AA/'63)xF

giving g ethanol/L sample solutxon and where A = 'absorba‘nce‘ difference. in

satnple; F = dilution factor (100). ' S : SN

N

3.7.6.2 Quantltatron of glycerol as polyalcohol _ :

The UV- method adapted from Methods of Enzymatlc Food Analysrs (Food Analysrs
,Boehnnger Mannherm) was used in the determination of glycerol. This mvolved catalysed
reaetions whrch consumed NADH. The NADH used up was)storchrometnc thh the amount
of glycerol present a’g this was deterrmned by measuring absorbance at 340 nm. -

(1) Glycerol + ATP GK

-(2) ADP + PEP 35» ATP + pyruvate

glycerol -3- phosphate + ADP
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(3) Pyruvate + NADH +H-. LDH, | lactate + NAD'

' where GK = glycerokmase PK = pyruvaté klnase, LDH lactate dehydrogenase.
' ‘The general calculation formulads: o - = .*'{. !
Concentratron (C,g/L) = (V X MW x AA)/e xdxVx 1000
yleldmg
'—(3ozx921xAA)/63x1x01xrooo ;‘ |
= 2.781 x (AA/6.3‘) x F [‘/N A : : ' -
wgiving g‘ glycerol/L_Asample solution, and where: AA = absorbance dilfference_ of

- £l X . -

sample; F = dilition factor (100). ~ °
) . % o . ' C? &
% 7.6.3 Quantitation of phenylethanol '

A

~ Reagents -

-.‘#.

Phenylethanol (phenethyl alcohol or PEA) standard solutions":

" (1) 1% stock solutron (10,000 ppm) prepared in, dlstrlled water; reagent from Eastman

. >
Yy

-Kodak Co (Rochester NY)

- s g

e . - — .,,,,,‘,

(2) Working solutions: 1, 5 10, 25 50 ppm (by dilutmg stock solution thh distilled
water). . | T T A
"Equipment ‘ ‘ '
‘ ' A Vanan Model 3700 gas chromatograph equrpped wrth hydrogen flame 1omzat10n
detector and a Tenax GC column (Apphed Science "Labs., Inc., PA) was used The |
chromatograms were recorded on.a chart recorder (Cole- Palmer ‘Instr Co. )

Procedure 4 ' . .

v

\\. The separauon of phenylethanol was made under the followmg operatmg condltrons
« column’ packmg Tenax GC 60-80 mesh; carner ‘gas hehum 41.5 p.s.i. mlet pressure, 25
" mL/min flow rate; detector, flame 1omzatxon “lkdrogen 30 p.s.is arr 60 p.si.; column
temperature 210C mgector temperature 250(} detector temperature 270°C. |
‘ Four ulL of. each workmg solutlop as. injected several times mto the gas
' chromatograph The PEA peaks eluted after about 4 mm and the peak heights were measured <

in mm. - o e



lu l ‘ . l . ’ ‘ ) . . 86
A.plot of average peak herght agamst concentratron in,ppm of the worklng solutions

was made to obtam a standard curve (Figure 3.2). Four, uL of 20x drltlted pasteurlzcd canola

sauces and Kikkoman sauce were also mjected several times, and pealt herghts measured '

ot

Sprkmg wrth known amounts of 50 ppm working solution to sauce samples was done w
confirm the identification of ‘PEA in the gauces. PEA m the sauces was quantif ied using the

; - ‘standard eurve. ‘This procedure was a ‘slight modrficatlon of that described by Kahn and
Conner (1972). |

- .

\ . : F

-~

3. 7 7 Sodlum chloride determinatron ' L

A Commg pH/ion -meter 150 (COrnmg Scrence Products, Essex, England), attached to

4~
reference and sensing electrodes was used to measure_the electrode potentral (mV) for NaCl

deterrnnm‘atron. The arr'rount of NaCl present was ex_pressed in terms of % chloride.

- Twenty-five mL of standard solutiohs of NaCl -and 25 mL of sample solutions diluted
100x were ad}usted with 0.5 mL -of 'ISA (ionic strength adJustor a5 M.,NaNO, solutron).
-_before mV readrngs were taken A standard curve (Frgure 3.3) was plotted, showing mV of
standard NaCl solutrons agamst molarity-. The chloride ‘concentration ‘in samples was

T - W v

determined from the curve.

3.7.8 Moisture .determination 'A

‘ .

An Automatic Volatility Computer Model AVC-MP (CEM Corp, Indian Trail, l\h) .

4

was used for the determinWre content in the samples. The principle involved %

-

" weight loss due to drymg by exposum to mrorowave radratron The water present was

selecuvely heated and rernoved through vaporization, usrng 0.5'g of sample and recording

morstur_e content automatrcally with the instrument.
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anure 3.2 Standard curve for determmanon of phenylethanol concentrauon (average of four
determinations). Equation of line:

Height (mm) = -1.09 + 2.51 x concentration (ppm)
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Figure 3.3 Standard curve for determination of so&um chlonde concentration (average of

three determinations). Equation of line: . \ Sy
Electro?fe potenual (mV) = 110.3 - 1199.5 x Molarity
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3.8 Colour Measurement
A Humer L,a,b Ooionmeter model D25L 2 and detector D25 Optical Head
(Humcrlab Falrfax VA) was used for the cofour measuremem of sauces. ’I‘he different
() .

coloured cerazmc tiles were used to standa:dnze the instrument before sample readings were

: record&d Mtquots of 20 mL of each sample placed in petri- dnshes were used for the
4 T 3 .

' ‘measurenfents. &V
., 3 Y .

3.9.Smmﬁ I:Jypluatioy Tests .

| Two sensory evalﬁation sessions, involving 7 panelists from the Department of Food‘
Scnence University of - ‘Alberta, were conducted.. |
| The 3 canola sauces produced in the experiment were compared to Kikkoman sauce
purchased on the local market.: A~9-pomt hedonic scale was used, where a score of 9 indicated
an extreme preference or liking for the samples, and 1 indicated an eitreme dislike or the least
preferred. - - .

The attributes studied were colour, flavour, aroma and the overall acceptability of “the

sauces. <

Statistical evaluation, mvolvmg analysns of variance (ANOVA) and Duncan's Muluple

Range Test (DMRT) was performed on the results obtained for the sensory evaluation.
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. ) . 4.RESULTS \A\ND DISCUSSION

4.1 ’fraining of Mlcroorganisms
To gbtaiﬁ the inocula for the canola mash stage of lhc sauce fermentauon it yas .
esscnud to tram the microorganisms to adapt to and grow in a high saline envxronmem
similar  tq that found during brine f-ennentauon. As reported by Yong and Wood (1976), -
'untrained’ cultures did not grow when ‘Inoculated directly into media of high salt content. |
W It was observéd‘._c‘igring this experiment that eoch trapsfer“ of microorganisms into
media with increasing salt coméni resulted in a lag peﬁo’d of growth. Also observed .u”/a>s the
- fact. thai, even when the microorganisms were transfer;ed (‘;{rectly into media witﬁ 18%‘W/v
NACI media, growth -otcurred after a lag period. Therefore, transfe?s through‘focdia with
jncrcésing sal‘t comcrit were deemed unnecessary 'and, subsequently, cultures weré inoculated
directly into media containing 18% w/v NaCl, f ollowed by a series of subculturing into tho
same high 'salt meoia.
As observed by Yong ondb“%ood (1974), wiable cell counts decreased on s'ubcplluring.
Figure 4.1 shows that S. rauxii' and T. ve}satil}s grow to their‘maximum viable cell’ co.unts of
7 x 107 and 1.5 x 10° 'CFU/mL respecuvely after 3 days of incubation, which
corresponded to opncal densnty (OD) values of 1.50 and 1.78 (anure 2, However further
~ incuba‘tion resulted in a slight decrcase in vioble cell counts. P, halophilus, on the other hand,
exhibited a much longer I'lag phase beginning with a slight decrease in viable cell count within
the fifst thi)se ‘da'ys (Figure 4.1) and, did not reach .thev maximum count of 3 x 10’
'CFU/mL, corresponding to an OD of 0.33, until the ﬁinth‘ day .- '
| It is interegting to note thz;t the increase in the OD valuesj of the inocula corresponded
we,llv with the increase_in viable cell* counts of the yea;ts initia'l'ly', until the counts reached a
maximum. ’However, the OD continued to rise even when the cell 'courns'siartcd to decrease.
| This "sugéested that,vas the- cells cohti’r;ued to reproduce, a considerable number of the cells

were killed. The OD measured the cell mass in the broth, while only live cells were accounted

for in the viable cell-count.
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Figure 4.1 Growth of 'trained’ microorga;u'sms (average of duplicate plate counts). (@ ) P.
. <!

halophilus; (B ) S. rouxii; ( Q) T. versatilis.




"

‘“'QD (550 nm) & ;

\n- -
.
104 .
-~ -
B
.
- .
- 6?'
/
1 o .8 ¢
: S o.m ‘
: ."
,1_ R
. B ] ’ P
-— ..'
- -.'
- Vo "

. 0.01 I T T T ]
= 0 2 4 6 8 10 12
Time (days)

Figure 4.2 Optical density (OD) measurements of growth of 'trained’ microorganisms at 550

-

nm (average of two determinations). (@ ) P. halophilus; () S. rouxii; (Q) T. versatilis.



[

~

The culturmg method descnbed by Yong and Wood (1976) was modtfted by reducufg

 the rncubatron temperature from 40C to 30€, smce “this temperature has been used -

. thenr tramed' La?bacrllus delb,eﬁecku was properly condrttoned after 7d ot‘ mcubatron
h

| mcubatmg them for 3 d'in the 18%_NaCl YM medium! before mooulatron mto moromi masﬁ

. and noted that lactlc acrd bacterxa rmtrated the fermentatron process at pH 6 5 7 0 As well

successf ully by Japanese workgrs for both mtcrobral mdubatton and sauce fermentatton o ) ;‘

Yong and Wood (1976) estabhshed the successron of rmcrobtal growth in soy mash ’

" Thus, tramed P/ halophilus was cultured statrcally at pH 7 in Sodrum Acetate Medfum 1 |
(SAM 1), contammg 18% salt for 7 d before bemg moculated into the cariola mash with |

snmlar envrronmental condrtrons Both specres ‘of ~ tramed' yeasts _were ; condrttoned by

The pH. of the ‘NaCl-YM medrum was- ad]usted to 4, 5 lee 1. M HCl as drd Yong
~and- Wood (1976) However Yong et al, (1978) proposed that for greater growth, ?

acrdtfrcatron of' yeast growth medrurn should be done wrth lactrc acrd Howe T, since Jactic {
famd was to be measured as a metabolrte produced solely by P, haloph/}us 1&3@rtant |

i

that no lacttc acrd reagent be used for acrdtf 1catron As such HCl was used to. mamtam pH at

E 4, 5 in- the YM medtum

A

42K011Preparatron .' - | _ N

Ma (1985) usmg response surface methodolOgy, obtarned optrmum condrttons for the

<
1

hydrolysrs of. canola meal by alcalase 0.6L. At a temperature of 69’C pH 9, enzyme/substrate : .;
(E/M) ratlo 0 31 (v/w) and meal/solvent (M/S) ratio of 1:5, the maxrmum yield of total
soluble mtrogen (TSN) after 2 'h was 0.848%. Applymg a sumlar procedure in - thrs
expenment the TSN yreld for the canola meal hydrolysts was 0 917% The hrgher 'ISN val
here 'could be attrrbuted to the fmal M/S ratxo obtamed after the requtred 2 h reactron penod

iy

Wxth ‘the automanc “addition of 1 M NaOH by the FH- stat to marntam pH 9, the tesultant

4

M/S ratro was approxunately 1 §3 Thrs was closer to the optrmum ratio of 1:10 found by ol
Ma (1985) than 1 5 whtch she actually used in her expertments Ma (1985) had to use the

“M/S ratlo of 1 5 to obtam a more. concentrated hydrolysate 10 produce a sauce wrth a |

Al
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' concentratron comparable to soy saiice. Also expcrrments had shown that the increase m 'I'SN ,

yreld ‘leveled off from the ratro of 1:5 and hrgher In’ this expertment/ the M/S ratro of 1:6.3
<4
was mamtamed throughout v ' . , /

- v

"The pH of hydrqused canola meal ‘was adjusted to 5.5 /6ef ore about 66% of the ltqtnd

N m—

™ Wwas pressed out for latter use, The ‘residue was mixed w)ér roasted ground wheat, whtch, ‘

reduced its morsture content to 40 45% This level of .m 1sture content, together wrth pH of .

5. 5 was necessary for the growth of the Aspergrlly@ moulds The canola- wheat mlxture
inoculated with 4. oryzae and A soya f ormed the l;op whrch was mcubated at 30° 'C for 72 h

)
Strrrmg of the kOJl after 20 and 40 h (Yong ahd Wood 1976), was necessary to cool the

material. Yokotsuka (1985) reported that the Koji mcubated for 72 h somettmes reached

temperatures of over 40°C, whrch harmed the mould Thus strrrrng at mtervals kept the kOJl

farrly open-to penetratton of air, enmred an even drstrrbutron of water through:the kOJl and -

~»

prevented execssive drying and early sporulatron of the mould and also over heatmg of the
koji mass (Wood, 1982) ,_ '/A e p' : | ‘ ' , , 4. J

W
After 72 h, the mat7/ koji had a yellowish-green appearance a slrght ammomacal

'smell and a reduced moistyfe content of about 30 35%. It was then given a f‘mal stir. and

-.,mrxed with 18% salt solytion. The salt solutron ‘was made by drssolvrng salt m the enzyme-

hydrolysate which had/ n pressed out of(the hydrolysed canola meal prror to the additiori of

i the ground wheat /”f' he salted enzyme hydrolysate then served as-the rmmedrate source of

o nutrrents for the r/ermentatron On commercial scale Yokotsuka (1985) reported that brme

'solutron in| ratro of 1 2 1.3:1 of 1aw materrals was often used Yong and Wood (1976) on

: the other har.ld used a3 ratro of 1:2 of raw matenals to brine solutron for therr expérrment&l

SOy sauce productron and reported good qualrty product Ma (1985) using a ratio of about : .

1:1.4 of Taw materials to 18% NaCl -enzyme hydrolysate was able to produce an acceptable

saude from canola meal. The ratro of 1: 14 was used in thrs experrment SO as to obtain a'
sauce s1m11ar m consrstency to that produced by Ma (1985) By mrxmg the salted enzyme-

' hydrolysate_ ‘with the matured,ko;r, rnorornrwas formed and thrs_. served as _the substrate for -

s .

the brine fermentation. : SR B
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4.3 Brine Fermentat\m - .." o

In the natural‘ fermentation process, the pH of soy mash at the start of . brine.
f ermentation. is usually between 6.5 and 7. 0 This, together with the available nutrreﬂts from
1 'the breakdown of proteins and carbohydrates from the raw matenals supported the growth of ,
lactic -acid bacteria and yeasts Because fermentatron time of - canola sauge was shortened to,

4-5 wk the mash was deliberately inoculated mth lactic acrdfbacterra and yeastv cult-_uresto

rmprove—saueequah’cy——q » \ ‘ , ‘ ,
o Yong and Wood (1976) reported that lactic fermentation - is followed by yeast

fermentation when pH of mash drops below 5. To confirm thrs hypothesrs canola mashes-‘
Csl1 and CSS were moculated thh tramed P halophtlus S rouxu and T, versatllls the

f ormer. sequentrally» and the latter sunultaneously CS2 was used asa control and therefore

‘th vany of the mncroorgamsms Thus, in CSl after P halopiulus had

decreased rthe p 1:from 7 to. about 5 S rouxii and T. versatilis were 1noculated into the mash.

CS3,'on the other han : ,was mdculated wrth the three 'trained’ mlcroorgamsms at the start of

‘ “the brme fermentatlon : ‘

. To ehminate the possrbrhty of contammatron dunng the fermentauon the mashes
were kept in stenle contamers stoppered wrth sterile- drspo plugs wrapped in aluminum. foil,
and incubated at 30°C for 31d. ». A ‘ ' Y

. i » ‘.'A!

4.3.1 Microorganisms during moromi fermentation

- i

4.3, 1 1 Growth of microorganisms in canola mash . " e

| To prevent mould spores present in moromi mash from germmatmg and. therefore.
overgrowmg the plates used for enumeratrng bactena and yeast cells sodlum proplonate was
added to the medra as suggested by Yong and Wood (1976) It had been observed from av.
. number of expenments that adding NaCl to the basic medrum contarmng 0. 25% sodrum
’propxonate prevented mould growth Yong .and Wood (1976) used 5% NaCl/L of

" enumerating medrum ‘while other studies have used as much as 18% When salt was added to

< the' enumerating medrum to make 18% NaCl medrum dehydratron of the medium was



o

o T

| ob_served. Therefore-, theinoc_ulated plates were plac_ed in polyethylene bags bef ore“incubatlon |
to minimize the dehydration. Howeyer, if NaQl 'was‘ not'added to the platlng medium, the
plates had to be incubated in. an anaerébic jar to prevent rnold growth when P. halophllu.“s was
enumerated It was also observed that when the mash samples were plated on medium

contammg 18% NaCl, the viable cell counts were greater than when plated on basic medium..

| " The growth of the organisms inoculated into the canola mashes is shown in Flgures :
--43 and 4.4;_In the 'stepwisel inoculated. mash,_.CSI (Figure 4.3), when P. thIophilits was the

‘only microorganism in the initial .stages of. fermentation; its yiable ‘count was greater
compared to that in CS3,, he ‘all-in’ moculated mash where yeasts were also present (Frgure,

4 4) This could be due to a.possible competmon for nutrrents between the bacterium and the
yeasts in CS3,‘thus nerther grow to therr full potentra']q aT in CS]. It has also been _reported_

(Yokotsuka, 1986) that the salty conditions the 'i“nitial hig;h pH and the presence of the lactic

bactena inhibited growth of yeasts It was‘ thus not surprtsmg to notice a decrease in vrable l
counts of the ygasts in CS3 (Figure 4.4) durmg the first week of brine fermentation.
The growth of P. halophzlus resulted in more Hactic a¢1d being produced in CS1 than in -
CS3 (Tables 4.4 and 4 5) The lactic acld produced accelerated the pH drop in the mashes
(Frgure 4 6) thereby glvmg rise to a slightly lower pH in CSl AltBough studies havej
mdtcated that the acrdrc and salty condrtrons as well as the metabohtes produced by the lactic ..

bac)erra killed the bacteria by the end of the fermentatnont (Yong and Woed, 1976
Fukushxma 1985; Yokotsuka ( 1986), the results ‘frem this experiment mdrcated that some of
the bactena survrved but drd not grow. It 1s possible that extending the fermentatlon penod

- would result in a lower viable count e k

Smce the CSl had 1n1t1ally been moculated wsth P. ﬁalophtltis its growth raptdly

reduced the mmal pH tb about 5 within 4 d. Therefore, -:whe_n yeasts wé';e subsequently

' . TR e : - o 5
: inoculaled they grew rapidly (Figure 4.3). There was no period of inhibition as was observed
in CS3 (Frgure 4, 4) This drfference in growth of the yeasts (CS1 and CSB) was due to the

fact that S rouxii and T versatzlzs in 18% salt medlum grow best when pH is bctween 4.5and.

s \,
5.0 (Osaki et al., 1985).
L 3 . =
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¢ 4.4.1 Total soluble ﬁlids (TSS) and pH changes during mash férmentation

°

4,4 Compositional Analyses

R .
. .
" . ’ 99 3
. v N . +

i ' oo
The curvesf shown in anures 4.3 and 4.4 do not represent growth curves - of the
individual yeasts but ﬁ’ combmed growth, of both S. rouxli and T. versatillst_Studres have

shown, however, that . rouxii initiated the alcohohc fermqptauon and then lost most of its

. actmty as the condltlons in the mash changed These conditions then favoured 7/T versatll(

whrch grew in more anaerobic condltions and even utilized mtrogen for growth (Ho et al.,

1984). Hence, T. versatilis became more agtive in the latter stage of fermentation.

=

-

As a result of degradatron of components present m the mash the \soluble sohds
content increased from the begmnmg of the fermentatmn until day 31, when the fermentatron

was termnnated‘ (Figure 4.5). Both Csl and CS3 started with.a lower "ISS value than CS2 due

. to the dxlutron of the mashes by mocula. Yet, within 4 d, the total increases in %’l‘SS in the

moculated mashes exceeded that in the uninoculated mash.. Obvrously, the presence “of the

mrcroorgamsms caused faster degradation of the substrate It is rnterestrng to. note that,
although CSZ was not moculated. the TSS content increased. In effect, degradation of the
substrate was not only due to the rhicroorganisms. but also to other factors, e.g. enzymes
carried over from the koji, which are not affecte"d by high salinity o

CS2 was tested at the start and at the ehd of fermentatron for possible contamrnauon .

v w1th the mocula but the results were nega{fve It was possrble that contamrnatron by

adventitious mtcroorgamsrns during incubation of koji occurred, as incubation was not done
under sterile conditions. This 1mphes that any-contaminating microorganism mv,_olved must be
other than )"halophllus S. rouxii orT. versaults ’ ’ '
‘ There were two distinct rises of TSS in CS1 and CS3 wrthrn the first 2 weeks of :

fermentation. In addmon, a slight rise was observed before the -.fermentatron was terminated.

(Figure. 45). A sim_ilar'" observation was Teported by Ooraikul. et.al. (1980) in their -

conventional »fermentation of eanola.'mash.. They attributed the first fise in TSS to acid
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" ferrnentation,«where. carbohydrates in the su‘bstrltes were converted to sugar and OIgrrnfc
acids, and proteins to arnino acids. The s‘econd‘rise was attributed to alcoholic f errnentation as
well as sugar breakdown. - Y L | . .

Yong and Wood* (1976) also reported a two- step fermentation in their expenmental'
80y sauce productron. The first step involved ldctrc acid bacteria, follqowed by yeast growth in
 the second step. Ma (1985) reported that, although two rises were observed in one pf her

experiments, it was concluded that the second rise could not have been'>d1}(o4aat2growth :
. since in 18% salt medrum yeast growth could occur only when pH is between 4.5 and 5 0
(Yong and Wood, 1976; Omshr 1963). Hence the second rise observed by Ma (1985) could
‘be a result of some fluctyations-in growth of other microorganisms.

The first rise m CS1 and CS3 corresponded wrth sharp decreases in pH (Frgure 4 6).
lee pH in CSZ also dropped as the fermentation progressed P ‘halophilus metabolized the
'sugar substrates predommantly to lactic acid, which accelerated the {‘pH drop as well as
increased TSS in CS1. The second rise occurred after the addition of-the yeast inoculum. At
PH of about 5, the added yeasts converted lar;er sugars to simple sugars-, then to alcohol and
‘ volatrle compounds -which increased TSS\ in CSl further. Like CSl the mrtral rise in TSS of .
CS3 was due to the growth and productron of metabolrtes by P. halophzlus In addmon the
yeasts rnlght also metabolrre the substrates~ at pH above 5. This is possible as Yong 2t al.
(1980) .reported that S rouxii grown at pH 4.5 and inoculated into the reaction medium at pH
7, metabolired glucose into acids as well as ethanol and carbon dioxide. The second rise in CS3

occurred in a similar manner to CSl, i.e. after the PH had dropped to about 5. At this point

© the‘yeast activity was rncreased resultmg in a more. vrgorous growth, hence productron of

more metabolites. T versatilis is known to dommate the latter part of fermentatron while .
rouxii activity is reduced due to the presence of all the metabolrtes Wrth reduced pH and the
presence of these metabohtes P. halophdus activity 1s also reduced Only T versatilzs 4s able
to grow, which may have caused the shght TSS rise towards the end of fermentatron in CS1,
and CSS (Figure 4.5). T. versaulzs grows and produces other alcoholic™ -and phenohc

. compounds known to be present in soy sauce.
/\
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TSS in CS2 increased steadiiy from the beginning until it reached a plateau on day 15

-of fermentation without any distinct \tgrealss. With pH (Figure 4.6) above S, and without any

inpculation, there was no initiation of ‘yeast growth, and the increase in TSS could only be
attributed to the indigenous enzymes and/or m_icrobial contaminants carried over from the
koji to the moromi stage.\(fonsidering the diff,erence in the metabolites in CS1 and C'SSA
(Tables 4.1-4.5) and the amount of residua,l_sugars in CS3 fTables 4.6 and 4.7), it was not
surprising that CS3 contained more TSS than CS1, by the end of the fermentation. hlthodgh

the P; halophilus inoculum was the same in both CS1 and CS3, the final pH .was lower in

]

~CS1, i.e. 4.6 as compared to 4.8 in CS3. The difference is due to the fact that from the

beginning of fermentation until day 4, only P. halophilus was present in Csl producing lactic

acid without any inhibition, umlike CS3 with all three microorganisms' The competition in

-growth created by the presence of the yeasts in CSS suppressed the amount of acid produced

by P halophilus. Therefore the pH was slightly hrgher in"CS3, after the first 4 d, than in

CSl. This slight pH difference was maintained throughout the fermentation (Figure 4.6)
Although CS2 was not inoculated, its pH also ’decreas_ed, Unlike the koji for“CSZ,:

Yong and Wood (1976) produced their koji under strict aseptic conditions. Yet, they also

observed a decrease in pH.o‘f the fermenting mash which had not been inoculated. Though

' there is reason to believe that CS2.could have been contaminated during the koji making stage

and, therefore “the contammants may have cauﬁed the pH to decrease lrterature maintains
that under the conditions prevailing in the ‘mash during sauce fermentatien, no wild
mrcroorgamsm from' the koji stage could survive. Those which do, e 8 Bacillus subtilis,
remain as spores and do not take part in f ermentatron i

Although Yong and Wood (1976) searched for plausible reasons for this occurrence,

all explanatrons eluded thcm Thrs observatron therefore, unplres that whether or not koji is

pro?lced aseptically and the moromi made wrthout inoculating léctrc acid bacterra its pH will

decrease by the time fermentation ends. In effect, moculanng mash with lactic acid bactena .

serves to-accelerate the pH drop so that yeast fermentauon can begin This also indicates tﬁ _

: canola sauce can be produced as successfully by moculatmg the mash wrth cultured yeasts,

\
\
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after the pH of the mash has. dropped by itself to about 5, when yeast growth is posslblc

However, this would require a much longer fetmentation time.

4.4.2 Nitrogen-containing cornpounds

~
“ A

4.4.2.1 Changes in total soluble nitropen (TSN) and amino  nitrogen (AN) during mash
_ vfermentation‘ ' .. S -
| Yokotsulbq (1986) cautddned that the use of ‘too much lactic starter decreased protein
drgestrbrhty In this expe)ixment protein digestibility and therefore the final TSN of about
1.2%, was less than the value usually quoted in the literature, i.e. 1.5- 1 8%. It was mrually
thought that perhaps the moculum of P halophllus used was too large; yet the viable counts
* - of the bacteria on day zero (10¢- 10’ CFU/g) were comparable to the counts used by Yong
and Wood (1976) ie. 6.8 x 10“CFU/g, at the start of their fermentation. On the other
hand the commercral Krkkoman sa,hce used for comparison in this experiment had a lower
#%TSN value of about 1.33, when compared to values in the literature (Table 4. 2) Although
« 1.33% is greater ‘than the 1.2% observed in this experiment, Yokotsuka (1981) made the
observation that %TSN in soy sauce varied from brand to brand and from year to year. even
‘of the same brand. Therefore, the %TSN reported in this canola sauce could still be :
favburably conlpared with that of the commer lal sauce. In addition to this observation, Ma
(T985) al_so,_reported %TSN values of 1.12-1.3L_z, which were slightly lovver than that of the

i b
commercial soy sauce used for comparison (Table 2.16).

>

During- the 31 d of fermentation, CS3 showed the greatest increase in %TSN
(0. 507‘79) ‘ollowed by cs1 (0.46%) and then CS2 (0.26%) (Table 4. 1)

v N

Yong and Wood (1977b) alluded to the fact that the increase in TSN in their sauces '
inoculated with yeast alone could ,h::ve been the result of some protection and/or.promotlon _
of the mould enzymes by the yeast‘ Or, perhaps, that the shift of pH from the initial neutral
value to 4.5 could have benefrted the mould's acid proteinase such that more TSN was
produced. Comparing the overall increase of 'I‘SN in CSl and CS3 to C82, it was concluded'

that, indeed, this may, be the case. Thrs was an -important observauon, since the amount of

Ay



“Table 4.1 Changcs in total soluble nitroger? (TSN) and amino nitrogen (AN) durmg

canola-mash f ermemauon (averages of 2 determinations).

Al

_ ; —
Time " TSN (% w/v) AN (% w/v)

(days) ~ Cs CS2 cs3 cs1 Cs2 cs3

0. - 0.92 1.11 0843 033 035 ‘0.8
2 1.32 131 - 126 . 050 042 0.45
4 . 1y 31 124 ‘ 0.53 0.45 0.48
6 129 136 130 048 0.46 0.48
10 18 135 1.28 0.52 0.4 0.40
14 136 143 1.34° 0.53 0.46 0.53
18 1.2 '1'.43 . 1.8 L043 044 0.44
2 131 140 135 0.46 0.4 0.46
% 1.32 138 L 1.4 0.44 0.48 - 0.51
31 138 137 1935 047 . 051 0.4

CS1: Canola sauce prepared by sequential or stepwise inoculation of P. halophilus and the
yeasts ( S. rouxii and T. versatilis). ‘

CS2: Uninoculated canola sauce.

CS3: Canola sauce prepared by an all-in moculaubn of P. halophilus, S. rauxu and T.
versatilis. .

4
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TSN present in the sauce was considered an indication of quality and price of the product.

The fluctuations in TSN (Table 4.1) which occurred during the fermentation were also
obsé}ved by Yong and Wood (1977b), and they attribuged the decreases to iacriods when the
» number of microorganisms incr;ased rapidly. A Qmilar occurrence 'wz;s observed with P.
halophilus and yeasts in the canola mash. ,

It was evident from TSN valué¢ of the enzyme hy&r;lj}sate (EH) in Table 4.2 that
most of the TSN was produced initiallyi by the enz}_fne hydrolysis 'of the canola meal. This
im_iiéated an important sigp whereby the quality of the soluble nitrogcr) present in the final
sauce could, be maximized. o |

The amounts of ‘AN reportéd in this experiment for the final canola sauces (Table
4.2) weré'?low, ranging from 0.40% to 0.42%. Howew)er. duﬁng the \fermentation process, the
AN values ranged from 0.28% to 0.53%, with the sauces on day 31 containing 0.47, 0.51 and
0.44% for CS1, CS2 and CS3, respectively. It is thus apparent that refining the raw sauce
reduced the AN content, possibly through the precipitation of some proteinaceous
components. Ma (1985) reported values ranging from 0.66% to 0.80%, which are much higher
than the values obtained in this experiment. The likely explanation for this discrepancy would
seem to be thé different methods of evaluation, and yet the value obtained in this experiment
for commercial Kikkoman sauce 20.70%) was the same as was obtained by Ma (1985). Also,
the initial AN obtalned for the enzyme Rydrolysate of 0.20% (Table 4@2) wasm-imh lower than
0.64% (Table 2.10) obtained by Ma. Although preseﬁce of microorganisms could cause a
chanée in Nontcnt (Y;ng and Wood, 1977b), there was no evidence to indicage that their
involvement reéulted in the lower values in this experiment, However, since the AOAC
method (section 3.7.3.2) was applied in tl;is experiment, while Ma (1985) adapted the method
frg_m Rosen (1957) for AN analysis, it could be suggested that the discrepancy was due'to the
different analytical rr;ethods used. ' ,, | »

The quality of* sauce depends on the ratio'of AN to TSN, so that a value of 50% or
more (Hesseltine and Wang, 1972) is regarded ta; good. The value obtained for the

commercial Kikkoman .sal_lce in this experiment was 53%. Ma (1985) quoted values of 48.50%



Table 4. 2 Total soluble mtrogen ('ISN) ammo mtrogen (AN) mtrogen yield and AN/TSN

ratxo Qf 1cf med canola and Klkkoman sauces (averages of 2 dgtermmamons)

BN TSN e AN.’ A .Nitfogén - :
, Samples - . ;(?b w{v_) R .’(% ‘w'/y).: yi@ld (%) _ AN/TSN
st o oa ews oM
s im oa . es 035
€3 10 b 040 6719 oo
KS Cm o 7308 fi s
o .‘ .’ V/EH | L 0917 | 036 = '94'7'55%»‘ 017.22:. !

. EH - enzyme hydrolysate v :

KS: - Kikkoman sauce, produced commercxally by Klkkoman Shoyu Co. Ltd., Japan.
Nitrogen yield - TSN in sauce/total nitrogen content in raw miaterials- (4 465 g/lOO g).
For an explanation of other abbreviations used see Table 4.1. :

2 From Hesseltine and Wang (1972).

A b, Nxtrogen content in50g Canola Meal = 3.05 g.

¢ ‘i"
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; and perftaps the mncroorgamsms mvolved dul;mg the f ermentatlon caused the diff erence m the

: .they also reported that a hxgh percentage of AN was an mdlcatlon of the acxd hydrolysns

‘ "to 65 18% in canola sauces she produced (Table=2 10), these 'being higher tltan values‘ obtained"
iy m thrs experiment of 34 35% Factors such as Taw materlals steammg conditions, koji starter :
and brme fermentatton have been reported to. affect AN: 'I‘SN ratto (Hesseltme and Wang.

1972) Thus, g;msrdermg all of these f actors 1t is possnble that the’ analytlcal methods for AN

AN TSN rattos

» _
Onaga et ﬂl (1957) observed the 1mportance of AN to quahty of soy sauce. However

process, “which they .claxmed.drfferentlated sby sauce made by acid hydrolysns from that made

by fermentation; Moreover, 'comparing_ 7’commercially preparedsoy.s_auces, they‘reported that -

, sauces with AN consti~uting : 'y 31.4 and 32 5% of the total n.itroéen (AN/'I‘SN) were ol‘

-

expertment were quxte acceptable and that the canola sauces were of good quahty

_ 'better quahty than sauc.> hasg. . 47. 7 and 45 7%. This suggested that values reported m thts B

Nltrogen vvleld, another factor 1nd1cat1ng qualtty of sauce, and expressing the .

i

efficiency of the enzymatic conversion of proteins contained in materials, was also evaluated.

Hesseltine and Wang (1972)" lquoted a value of 73'70% as nitrogen yield'in s&{ sauce, while

- Ma and Oormkul (1986) recorded 61 34- 73.38% in canola sauce (Table 2.10). Nitrogen yield

of 67 19-67. 75% was obtamed in this expenment (Table 4,2), which falls thhm the -

. expenmental values reported in Table 2 10. Thus the “nitrogen ‘yield .for the canola sauce

u compared f avourably w1th the llterature value,

. sauces, Perhaps the amounts were below the détection level in this experiment:

)y

)\_.

|

| 4.42.2 Ammo aCIdS in sauce product

It was apparent from the rcsults obtamed in th1s expertment (Table 4, 3) that the

amount of amino ac1ds_ was far lower than was vot_:tamed by Ma (1985)- (Table 2.11).

- Although the amount of amino acids in the commercial sauce used for comparison was also

cystiue, which waslfound in small lquaritities by Ma (1‘985), Was not detected in any“ol”v the |

v

- lower than found in Ma's experiment, there was the general observation that amino acids in -

. canola sauce were lower than in commercial Kikkoman sauce. It was interesting to note that .-
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lt was also observed (Table 4.3) that CSZ was lower in amino acids than CSl and '
CS3. This indicates that the lactrc and alcohohc fermentatrons proceeded w1th parallel :
'conversmn of ‘more peptrdes to amino- acrds Although serine was present in CS2, it d1d not
' separate well enough from threomne to be estxmated
The ‘most important amino acrd in- soy sauce is glutamrc acrd and results from
experiment indicated that the canola sauces CS1 and CS3 cbntamed greater quanutres of the ‘
~acid than the commercial sauce (Table 4.3). Udo (1931b), cited by Yokotsuka (1960) showed
glutamic acrd to be responsrble for the delicious taste of soy sauce. Aspartic acid content was
lower in CSl and CS3 than in CSZ‘and_ Kikkoman shoyu.xlt is possible that fermentation with |
the added microorganisms was a factor in the reduction, which may partly account \for\the\
inferior taste of the canola sauces as compared to the cbmmercial Kikkoman sauce. :' \
| _____MMA (l985) observed that small amounts of amino a'cid were produced ‘during the
enzyme hydrolysrs of- canola meal. Cdmparmg amounts of amino acids in CS2 vs CSl ‘and CS3
‘_',(Table 4.3), it ‘appears that about half of the total amino acids in.the sauce was produced
‘ clurrng the/‘ko_u ,stage and the rest during. the brine fermentation ‘with - the added

- microorganisms.

4.4.3 Aeidic compounds in sauce product

4. 4 3.1 Titratable acldrty and organic acids , . \
| The total titratable acidity (TA) of the sauces (Table 4 5) vaned between 6.75 to-
10 19 meq NaOH/100 mL sauce. ‘These values were much jower when compared to values'
reported by Ma (1985) (Table 2.12). Thrs was because there was no adequate lactic .acid
.ferment_anon in Ma's sauces. It. is interesting to note, however, that the comr_nercral _Klkkomanb
sauce used in this‘ experiment was found to contain’a .'IV"A of 7.31 _meq NaOH/100 mL,-as |
| compared to 33.35 meq NaOH/100 ml, reported by Ma (Table 2.12). The discrqsancy’ could‘
be due to the sample preparanon prior to titration, Ma (1985) passed sauce samples through-
both cation and anion exchange resins, to ehmmate most basic components and used 4 M ‘

e

formic acid to _elute the acrdrc fraction. No such trea}m_ent was grven to the »sauces in this

B
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triplicate determinations).

)

-1

110

Table 4.3 Amino acid content in refined 'canola and Kikkoman sauces (umole/mL, average of

Amirio acid e Cs2 CS3 .. ks
Asparticacid  2.43 - om 3.34 19.02°
 Threonine - ° 10.10 5.92 9.41 14.60
Serine 15.27 UP 1489 2070
Glutamic acid 53.32 28.12 19.62 42.00
'Proline 13.13 954 13.79 2790
Glycine 16.66 11.34 16.00 19.75
Alanine 48.19 2568 | 46.58 " 38746
Cystine -- - |
Valine 1815 12.36 1790 29.84
Methionine 7.28 BRI 6.91 8.20
- Isoleucine - 1321 9.06 13.21 2512,
 Leucine 24.97 15.46 25.11 4027
* Tyrosine 6.68 5.03 6.42 3.03
| Phenylalanine 8.74 6.95 -8.82 ’ 16.09
.Lys‘ine‘. 13.12 8.34 2.8 24.01
" Histidine 3.70 133 3.08 3.36
Arginine 1.66 1.30 1.7 8.01

—
o

UP: under threonme peak - not separated
For an explananon of other abbrevxatnons used, see Table 4 1.
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-experiment, except decolourizirig  with charcoal. Therefore, the ._presence of certain’
components perhaps both basic and neutral, helped reduce-the total -acidity In fact, these
“values compare well with 6. 13 19.97 meq/lOO mL reported by Onaga ef ul. (1957) for seven _
commercxal sauces analysed using a srmrlar procedure but with nelther pretreatment.
There was no correlation observed between _the pH of sauces and their total acidity
(Table 4, 5) Thrs was also observed by Onaga et al (1957) For instance, a pH of 4.52 was
equivalént to 10 22 meq/lOO mL; pH 4.8 was equrvalent to 16 15 meq/lOO mL, whrle pH 4.57 |
was equivalent to 19.97 meq/lOO mL Onaga et al. (1957) also reported that sauces with
‘ higher total acidity values of 16.15 and 19.97 meq/100 mL were judged to be more acceptable.
I-lowever—, this was in direct contradiction with sensory Tesults in thjs experiment‘”, where canola -
sauce with the highest total acidity (Cs1) 'Was'judged least- aceeptable, while Kikkoman sauce, |
wrth lower total acidity; was Judged most acceptable. |
Although no P. halophilus was moculated into CS2 analysrs revealed that, 4 d after '
fermenting the mash, some lactic acrd was “present. Smce vmvestrgatxon did not reveal=any P
halophilus in the mash at u. md of fermentatrog» it appeared that the increasing content of
\ lactrc acid m CSZ could be due to certam enzymatrc reactions, or actrvrty of some acrd
producm_g contammant l‘rom the koji stage. The amount of lactic acid produced in CS1 and
CS3 mashes increased ‘in a rather irreéular faslﬁon throughout thefermentation (Table‘4.4).
As much as 2.03 % w/v and 1 llS% w/v of the acid were recorded on day 31 for CS1 and CS3,
respectrvely Athough the inoculum used was the same in CSl anck CS3 1t was apparent that
moculatrng the mash with only P. haloplulus 10 start the fermentatron enabled the production
of a larger amount of lactic acid. It was also a_pparent that the competition among the micro- -
‘organisms in CS3 resul'ted in the production of less lactic acid. The lactic acid contents in‘t_he
canola sauces - after refining (Table 4.4) were much higher “than- the amount" found in
: Kikkoman‘sho'yu.. Yokotsuka (1981) indicated that a value’of 21-2% w/v of organic acid.
mostly lactic acid,. existed in'good quality soy sauces 'Hosvever ‘on analysing the commercial
>

sauce, only 0.5% w/v lactic acrd was found. The amount of lactrc acid, 1 88% Ww/vV in CSl and

1. 6% w/v in CS3, may have accountegj f‘or the sharp taste whrch the panehsts commented on .

ol
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Table 4.4 Changes in lactic acid (% w/v) content durmg canola- mash fermentation (average

of two determmanons)

Time p . ‘ LT

(days) . “CS1 B o N o ' KS
2 0.05 o 038 - |
4 : 159 0.22 1:36
6 . 193 0.23 167 '
10 2.05 | 0.24 C 143,
. . X
14 o188 . 0.33 1.89
.18 2.00 046 1.74 '
2 " 1e 0.66 181
% 1.95 o0& 1.77
1 203 092 - - 18 -
. 188~ 0.67 - 160 0.5
- :‘absent. . ’
: refineéd sauces. N
KS commercial Kikkoman soy sauce. - .

For an explanation of other abbreviations used see Table 4.1.

~
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Table 4.5 Total acidity (meq NaOH/100 mL sauce), pH and organi¢ acid® (mg/100 mL

sauce) content of refined canola and Kikkoman sauces.

st o2 . &3 . KS
. — —— .
Total acidity” 109 806 675 . - 131
pH . 460 526 471 4774
Citric acid 25.15 o026 55.5 38.5
Pyruvic acid  el8  8ss 69 © 8.85
~Malic aci'd 34 tracé . 6.92 26
Unknown 1 SR - " ;!-+ ++ ++
. Utknown 2 L+ o+ i+ R——
Succinic acid | " trace | traée‘ trace trace
Lactic acid Cosms L e 128 356
Formicacid | 48.14 @ w0 63.7
Acetic acid o 842y 20 - 860
Propionic acid 275 102 %56 ° 3.54
Pyroglutamic acid 1048 BT "R 528 ¢ 4L
[ ) ’

~ For an explanation of abbreviations used, see Table 4.1.
4 : average of triplicate determinations. .

: average of two determinations, ‘ - :
+ + : significant amount.
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during sen?gry evaluation. . A ) ) B

A ,i Yong and Wood (1976) detected some souring in their unmoculated mash, which was

lactic acrd was detected durrng the brine fermentatron These observatrons suggest that lacuc
acid could be produced in mash without prior-inoculation of lactic bacteria and as long as pH

dropped to 5, yeast could be inoculated for subsequem.alcoholrc fermentation. However,

" results for CS1 and lC_lS3‘(indicated that the »presence of P, halophilus not only. produced lactic

.- acid but helped acceler%te the pH drop, for yeast fermentation.

\J

LY
The HPLC method off analysis detected two unidentifiable peaks of signifi rcanl size in

the organic acid prof ile of the sguces’*%ne of the ‘major orgamc acids present in soy sauce

" had retention times srmllar to thrlse of the. unknown peaks. The organic acids ‘found m the

sauces are shown in Tabl% 4.5. Lattic acid analysed with HPLC was found to be the major
acrd in the tanola sauces.. In fact lactrc acid content in canola sauce was greater than that in
Krkkoman shoyu Srmrlar results were obtarned when the enzymatrc method . of analys:s
(Sectron 3.74. 2) was used, but the actual quanmres of lactic acid dﬁl*fered between the
methods. The discrepancy may bedue to the fact that the sauce sample for the enzymatic

method was not fractronated while the sample for HPLC analysrs had been passed through

. ion- exchange columns to remove basrc and neutral compounds

Trace amounts of succinic acid were detected in all the sauces. F/brinic acid, although. %

o - | %
undesirable, was also detected. Though it characterizes a sauce produced by chemical

hydrolysis: (Fukushima. 1985), formic acid ekist$ in naturally fermenfed ‘'sauce 0o, as Wa‘s‘

observed in the Kikkomari shoyu.

" The canola sauces also cor'ai,  ome (ormic acid, with CS3, the ‘all-in' inoculfted
sauce, hayrng the largest amount A< wap el OnER prevrously, the presence of the yeasts at
the mmal stage of fermentatron wmen pH o was around 7, produced some acetic acid; it was

thUS not surpnsmg to detect a greater asnag of acetrc acid in CS3 than in the other sauces

_ 114°

| produced fseptrcally However, the koji for CSZ was_not produced aseptically and yet some

<h

»

JA

(Table 4.5). Levulinic acid, the other undesirable acid, was not detected in the canola sauces

or the commercial sauce, This acid had also been implicated (F.ukush.,irna.“ 1985) to be.

°
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characteristic of chemica!' soy@satlce. Not-all of the organic acidsﬂobserved in the literature
(Table 2.8) were found in 'the sauces analyéed However, those found during this errperiment
in general had values greater than those crted by Yokotsuka (1986) (Table 2 8); except pyro-
glutamrc acid, which was higher in the commercral Kikkoman sauce than the canola sauces
(Table 4.5).

It was also observed that the amount of acids in each canola sauce was drf ferent from

the others. Obviously, the combination of these acrds in drfferent proportions gave the sauces

( ) L \ a ’ . . . : . ' R .
" their characteristic organoleptic flavour and aroma. In general, however, the concentrations of

organic acids obtained in_, this experiment were greater than those obtained by Ma and
Ooraikul (1986) (Table 2.12). This difference could be due to “both the different moromi
fermentation procedures and the different methods of sample treatment prior to the analysis.

The concentrations of organic acids 1n Krkkoman sauce used in this experiment were

hrgher than those reported by Yokotsuka (1986) Since both sauces were manugactured by the

&

same company. the dif ference could be attributed mostly to the analytical methods applred
Although Yokotsuka (1960) reported the maJor acids found in foy sauce to include
acetic, lactrc succinic and phosphorrc acids, the analytrcal method used in this experiment .
counld not determme phosphorrc acid. Experiments revealed that phosphorrc acid could
co-elute wrth ‘citric acid. However, bemg an rnorgamc acid, its presence was not deemed

rmportant durmg the HPLC analysrs for organic acrds 2

4.4.4 Sugar content in sauce product

4.4.4.1 Reducing and non-reducing sugars
- Glucose is the major reducing sugar found in soy sauce. As a breakdown product of

larger sugar molecules, glucose is convertéd to lactic acid by the bacteria, and to alcohol by

- the yeasts. Yokotsuka (1985) reported 3-5% w/v reducing sugars in soy sauce, most of which

was. present as glucose. Yong and Wood (1976) demonstrated that the glucose content in SOy
‘mash mcreased from the start of fermentatron to the end, wrth a few decreases in between the |

perrod A similar observatron was made of the canola mash being fermented except that the
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overall increase was not as great as that reported by Yong and Wood (1976).

The reducing sugar content was measured as residual glucose present in the canola
seirces. Vahres obtamed in CS1 and CS3 (Table 4.6) were mueh lower than in CS2. The
initolvemén_t of P.-halophilus, S. rouxii and T versorilis in metoboliz.ing the glucose accounted
for the difference in resjdual glueose content between CS1, CS3 and-CS2. Residual g’iucosen in

CS2 (Table 4.7) compared well with values obtained by Ma (Table 2:13). This was expected

*as there was inadequate lactic and yeast fermentation‘ in the sauces prepared by Ma. The

\
conversron of the residual glucose to the metabolites was observed to be more efficient in CSl
A Z
which involved the stepwise moculation than in CS3 which contamed mixed cultures from

_the beginning. Perhaps, due to competition presented in the m'ashes by the organisms and also -

conditions required to establish themselves, the conversion of the glucose was less efficient

“and slower in CS3. This may aecount for the higher glucose content on day"3l in CS3 (Table

4.6). , )
Although literature reports have. indicated 3-5% w/v glucose for soy sauce, the
corrrmerciai sauce used for. comparison contained only 1.17% w/v glucose. Values of 0.75 to

1.56% w/v tesidual glucose were found in canola sauces (Table 4.7). The enzymatic method.

adapted for the residual giucose determination could be a factor bringing about the difference -

between values measured in’ this experiment and literature values. Most methods- méasured

other reducing sugars, in addition to glucose. ' ' o

" Sucrose was determined as the non-rediicing sugar and the values ranged between 0.13
. ) .

to 0‘.43% w/v in the canola sauces (Table 4.7). Sucrose content in CS2 was greater than in

either CS1 or CS3 which indicated that sucrose breakdown in CS2 did not proceed at the same

rate as in CS1 or CS3. However, the sucrose content of the commercial sauce was comparable

to the amoiint in CS2. This observation revealed that the deliberate inoculation of the mash

with organisms aided the hydrolysis of sucrose in the mash, even‘though part of it was us?d

up, possibly through‘endogenofis metabolism.

The sucrose content -of the sauces produced by Ma (1985) ranged between 0.49 to

6.58%, which was greater than that obtained in this experiment. Nevertheless, the amount of
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Table 4.6 Changes in reducing sugar (residual glucose, % w/v) content during canola-mash

fermentation (average of two determinations). , N : . § {w
Time B '
(days) csl . CS2 CS3

o 067 034 : 0.48
) o 09s - 08 ©0.85
4 a0.99 ' 1.52 . 0.87
6 . 154 R T | 0.86
10 Cm a8 ' 0.80
4 699 Y TR 0.83
18 | Q.98 6.69 100
2 0.92 6.35 1.20
2% 088 143 148
3 : 081 7.63 1.61

.

< For an explanation of abbreviations used, see Table 4.1. o

»
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Table 4.7 Reducing sugar (resxdual glucose) and non-reducing sufar (sucrose) contents in

I'g

) ref ined canola and Kikkoman sauces (average of two determinations).

¥

-~

Glucose Sucrose
~, Samples (% w/v) , (% w/v)
s
Cs1 0.75 0.20
Cs2 7.48 0.43 -
C83 1.56 0.13
KS 1.17 0.39

For an explanation of -abbreviations used, see Table 4.1.



0.43% w/v contained in CS2 was comparable to the results of one of -the sauces in Table 2.]3.
8

None of the sauces preseﬁted in Table 2.13 and CS2 produced in this study was fermented

* with the inoculated microorganisms.

It is important to note that the different raw materials used for canola sauce and soy

sauce production, as well as the different procedures used for fermentation could have

contributed ta the differences in sucrose content of the sauces.

4.4.5 Alcohols
~ The production of ethanol during brine fermentation is accompanied by glycerol

production, as has%ndicated rn the literature re\}‘iew'.‘ Studies have shown that both
_glycerol and ethanol are metabolic products of S. rouxii in a saline environment. Glycerol - was'
also the hydrolytic product of lipids durrng sauce fermentauon \as reported by Yokotsuka
(1960). In this experiment (Table 4.9), 0.38 to 0.53% w/v of glycerol were observed in canola
‘sau.ces CS1, CS2 and CS3, whi.ch were lower than that. in Kikkoman shoyu. However,
dependrng on the nature of the raw material, i.c. defatted vs whole beans, it was p/ossible to
compare the results' for canola sauces with that in the literature

Values between 1.0-1.5% w/v glycerol have been reported in the literature, an},
Yokotsuka (1960) attributed this range to the use of whole soy beans Defatted soy beans
resulted in 0.4-0.5% w/v glycerol in the sauce. Yokotsuka (1985) has also reportéd that in
recent years rnore S,‘ rouxii is :used for fermentation, thereby producing more lecerol. Also, a
mixture of def atted an whole beans has resulted in the pr‘oductionof more gl;'cerol

However, the low glycerol contents in CS1, CS2 ar(d CS3 (Table 4 9) were comparable

to values reporled by Yokotsuka (1960) to be present in sauce produced from defatt

soybean meal. On the other hand, tpe larger value of 1.59% w/v glycerol, observed in’ the
“commercial sauce, was suggestive of either whole soybeans or a large yeast inoculum or a

mixture of Whole and def atted soybeans being used to produce’ this sauce.

-
The sweetness imparted by glycerol to sauce is organoleptically detectable when the

amount of glycerol present is greater than or equal to 0.5% (Yokorsuka, 1960). This may

«
J
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Tablé 4.8 Changes in ethanol (% w/v) content during canolalmash fermentation (average of

two determinations).

Time

(dys) sl S v s
0 - S 002
2 = . | | - ‘ 02
s o ST 030
6 . 01 - " 057
10¢ 038 - - . 076
14 - ’1.0‘9\ ' o - 1.41
18 © 1.6l IR 1.49
2 ' @ 1.85 L 168
26 198 - 185
3] ' 1.77 : | 171
For a~n explanation of abbreviations used, see Table 4.1. - e
. -': absent, ’



Table 4 9 Ethanol (% w/v) glycerol (% w/v) and 2- phenylethanola (ppm) contents m

rcf ined’ canola andi(lkkoman sauces a

Samples ~ Ethanol. " Gijerol ' Phenylethanol
SosLe T L 10 08 56
c2. .. oe® . 33
s R B R 0.51 - g
XS e s _, 156
_ P ooy
: average of two. determmatxon T e },\-’. Lo

2 . average of four determinations.
- For'an explanatxon of abbreviations used, see '[able 4, 1
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have contrtbuted to the greater sweetnes‘ detected in the commercral sauce, in the sensory

evaluatron

~

Ethanol (Table 4. 8) was not rleteeted throughout the perrod of fermentatton of CS2,

yet glycerol was found in the fmal product. Smce glycerol is also produced by fermentmg

: yeasts in 18% NaCl medrum the amount present ih CS2 cannot be attrlbuted to yeast .

fermentatron as 1o yeast was 1noculated in CS2. This glycerol may have been produced by the
hydrolysrs Aof some lrprds,- contained in the canoia meal, durrng the kOjl stage . This
observation also suggests that'the amount glycerol produced in CS1 and CS3 was not only. '

due to the yeast fermentation but also to lipid hydrolysis, which may have occurred during

A trace amount of ethanol was detected on: day ze10 in CS3 Thrs mash had been

inoculated w1th S. rouxii and T versatilis, whtch ferment sugars to ethanol. Consrdermg that

. not much time elapsed between tnoculatron and samplmg on day zero, the ethanol present

could not have resulted from yeast. fermentation. ‘Also, smce neither CS1 nor csz contamed
ethanol on: day zer0, it could be suggested that the ethanol observed miust have been contamed,l .
in the 3- day old actx've mocul"m Nonetheless the ethanol content mcreased gradually in CS3,

whereas CS1, which was inoculated with yeasts laterv, at pH 5, mcreased faster in etha_nol ‘

-content Although yeast inoculum ‘was the same in both CSl and CS3, a more suitable

condrtron for yeast fermentatron was created by the stepwise moculatron in CS], hence 1.77%

w/v ethanol m CSl as. opposed to-1. 71% w/v ethanol in CS3 on day 31

The ethanol content in sauce is very ur;portant Yokotsuka (1972) reported that
alcohol content of sauce was rated hrghcst as the chemlszal component whrch contrtbuted most . .';
1o the preference of soy sauce thhout the alcohohc fermentatron Wood ( 1982) cont@nded

r

that the typrcal soy sauce aroma drd not develop Ma (1985) pomted out that the canola sauce

- lacked the reminescence ofghe mynad aroma assocrated with soy sauce due to def rcrencres in.

alcohollc as wel,l as acrd fermentatron

A typrcally. 'fully brewed' SOy . sauce contarns 1- 2% (v/v) ethanol (Wood 1982) As

e (
much as 1.5 to 1:6% .tv/v ethanol was produced in the canola- sauces in this e_xpe\Sment (Table

Pz . “

A
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4.9), which c‘ompared well to the 1.62% w/v value obser.ved in.‘Kikkoman -shoyu, and to

 values in the;-literature. T } - -
“Fukushima (1985) reported that 2-phenylethanol, in addition to 4-ethylguaiacol and
4- ethylphenol were responsrble for the matured aroma of soy sauce. Thxs aromatt:. alcohol
. and the alkyl phenols are metabolrc products of Torulopsrs spp and. accumulated at the latter
' stage of fermentatron Fukushrma (1985) reported the arnount of phenylethanol (PEA)
ﬁresem in soy sauce as'3 ppm. On the other hand Yokotsuka (1986) crted work done by
Nunomura and Sasaki ( 1981) on erght kmds of shoyu which contained 3. 71 to 10.25 ppm of |
’2-phenylethanol Osaki et al. (1985) reported as much as 27 9 ppm in therr SOy sauce.
fi ermented by tmmoblhzed cells These values are low when compared 10 values obtained in

thrs experrment (Table 4.9). The PEA in the 20- trmes diluted sample seemed to agree ‘with

hterature values; i e the commercral sauce contarned 7 8 ppm, whrle the canola sauces had

1 .59 to 2.8 ppm of PEA. However as much as 31.8 to 156 ppm was detected in the undrluted

~sauces. The diff erenc in data tabulated here and that found in the hterature mrght be largely _
v _due to the differ t methods apphed for evaluauon However the results of analysis |
. suggested that can la sauces fermented wrth mrcroorganrsms (CSl and CS3) contamed less
PEA than the commercial sauge, but more than Cs2. ‘

'lt 7§ therefore not surprrsmg, that the canola sauces ranked lower in aroma dunng '

sensory evaluatron It is also important to ngte ‘that CSZ drd not have as much PEA as CS1 -

, and C§3 Thrs drfference ‘was due to the absence of. T. versatzlts Nevertheless the amount -

'obtamed m CSZ suggested that some PEA was forrned during fermentatron even without T,
.‘v_‘ersqtilrsf) - |
' 4.4;6‘Sa1r-cﬁtent—orsmproduct
| ' The salt content of -the canola sauces was rn the range of 17 29 to 17 52% ~as :
".compared 1o 17.64% obtamed ,for the commerqal sauce (Table 4 10). Fukushrma (1985)

reported that salt in soy sauce vaned from 16-19 g NaCl/100- mL of sauce.
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Table 4.10 Salt content in refined canola and Kikkoman sauces (average of triplicate

determina;ions) .
“Samples mv 1‘ Molarity % NaCl
Csl 74.3 “ 0.0300 17.52
CS2 748 0.0296 1729,
CS3 74.4 0.0299 17.46
KS 74.1 0.0302 17.64

. Foran éxplanatiop of abbreviations used, see Table 4.1.

R

n
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447 Colour

* The initial colour of canola meal, Whlch was yellowish-brown, contributed to the final
~ sauce colour This was observed (Table 4.11) when the ‘b’ values for colour measurement of
\thc sauces. were compared. The positive 'b’ values mdrcated the extent of the yellow tint, in
Wthh case the canola sauces maintained some of theu yellow colour whereas the Ktkkoman
. sauce did not have any. However. CS2 had less yellow tint than CSl and CS3. The results also

showed 'a' values ranging from 1.5 for Kikkoman shoyu and 2.3 to 2.7 for canola sauces,

which indicated that canola sauces were more reddish than the commercial one. Ma (1985) did

not observe s1m11ar results. .In her. expenment the Kikkoman sauce appeared to be maore

reddrsh than the canola sauces. The values ranging from 4.8 for Krkkoman shoyu and 6.3
to 7.5 for canola sauces, indicated that the commercial Kikkoman soy sauce was darker than

A

the canola sauces

About 50% of koikuchi soy sauce colour is formed durmg fermentatron and agmg of°

| mash. (Yokotsuka 1986) whrle the other 50% occurs dunng pasteurization. The latter depends
prxmanly on heat, resulting in the lMarllard browmng r_eactxon between amino compounds and
sugars, both hexoses and pentoses, present in the mash. The different conditions which may
have been used in the commercial soy sauce ptoduction could e»pl'ain,the difference in colour.
Also, use of dif ferent--raw ‘materials could result in the intrinsic colour difference. as well as

the availability of amino compounds and the sugars for Maillard reactions.

4.5 Sensory Evaluation -

Although the two sessions conducted l'or the sensory evaluation involved ‘the same

samples stattstrcal analyses performed on the scores given by the panehsts varied in both -

' -sessro% In session 1, analysis of variance and Duncan s multrple ringe test for the colour'

and flavour attribites showed that the__ order-of sauce preference was from CS82, C§3, CSl and

~ KS, with CS2 being' the least preferred. ‘Ailthouéh there was no significant difference amongst
the sauces at the 1% level, the 5% level indicates that CS1 and KS were significantl_y different

in flavour from CS3 and CS2. The order of pref erence for aroma and the overall acceptance,
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:/ Table 4;}1' Colour measurements _of refined canola and Kikkoman sauces.
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L

Sample; " L ‘ ' a
. v .
sl 15 23 17
cs2 63 - 23 o1,
cs3 75 a1 18/
13

KS 4.8 15 ~

a

For an explanation ?f abbreviations used, see Table 4.1,



_on the other hand, was from C81, C82, CS3 to KS, with KS being the dlost preferr

However, there was no significant difference amongst the sauces at either the 1 or 5% levels

<
A}

( Appendrx 2). ,
In the second session, the order of preference for aroma was from CSZ CS1, CS3 to
KS, and for the other attributes, from Csl, G2, CS3 to KS, in each case KS bemg the most
preferred (Appendrx 2). KS ranked highest in all categories in both sessions. Wherea,s CS3.
was the most preferred amongst the three canola sauces in session 2, for all attrlbutes C§1‘
was preferred over CS3 and CS2 for the colour .and flavour attributes in session 1. However,
CS3 was ranked highest over CSZ and CSl for’ the aroma .and overall -acceptance in session 1
(Appendrx 2) ‘ | \
Kikkoman soy sauce was used for comparrson as the purpose of the research was to
produce canola sauce with similar ‘ties' to the Japanese type soy sauce. It was obvious
' from . the average scores for all the attributes. (Table 4.12) that the Klkkoman sauce was

superior to the canola sauces. CSl was the least preferred amongst the sauces, whrle CS3 was

. ranked the best of the canola sauces. CS2, which d1d not undergo any deliberate fermentation,

‘

was ranked higher than CS1, which wis fermented. ©

The score for the overall acceptance of the canola sauces was an .unexpec‘ted
observation,_ since the deliberate fermentation utilized ‘to produce CS1 was supposed to
lmprovel the uality of the sauce and the'refore,it should rank better than CS2. However, it
" - could be that the higher_acidity in'CSI, pH 4.6,}ould have ‘caused this unexpected low'score.
" Also, comments from the pa‘nelists indicated that CS] had a very.sharp. taste, which could
only result from high acid content. h'CSZ b CS3 and KS all had higher: pH's than Csl. -'A '
. conclusion may be drawn from the scorés (Table 4. 12) that despite . the necessary
fermentation (CSl1), excessive acrd whrch 1mparts a sharp taste to the sauce, would render 1t'
inferior. in sensory score .to -a sauce .with .less acid even though it did not undergo alcoholic

_fermentatron (C82). |
' Desprte the fact that the results in Table 4. 12 mdrcated that KS' was superror to CS3, |

CSZ and CSl it was necessary to examme the reliability of the panehsts in thelr assessn’tent of

*
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Table 4.12 Average scores of sensory evaluatiof on canola ahd“Kikko&n sauces (2 sessions). |

-

csL Cs2 CS3 KS
Colour | 5.82 6.07 6.32 N7
8 e |
Flavour ‘ 325 - 564 5.86 o121
' Aroma . sa o sas s ¢
Overall Acceptance 5.50 5.82 5.90 . 1.43

For an explanaiion of abbreviations used, see Table 4.1,

.
-
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the sauces. Results of "analysis of variance perfo'rmed on the panelists for the two sessions
» indicated that there was a highly srgmfrcant drsagreement amongst the Judges in their
preference for the sauces Moreover it is very important to indjgate that the panelrsts
evaluated the same sauce samples differently, such that the mean scores vaned for the same
samples ,in the two sessions conducted (Appendix 3). ’I‘he mconsrstency in the panelists'
Judgement of the samples does not permit a conclusrve statement to be made on the sensory
evaluation of the canola sauces. However, it was.obvrous that the acceptance of the?sauce‘
dependvl heavily on the panelists' sensory perception of the product. The panelists were
Orientals and members of the Department of Food Scrence in the University of Alberta
Generally, the canola sauces produced by deliberate fermentatlon lacked the aroma
, remimscent o_f SOy sauce, probably because the amount of moculurn of P. halophilus usedmay ’ ,
have produced excess acid which could then have given the sauces the distinctlve taste‘and ‘
aroma. In addition, it is important to consider that the sauces being compared were made
from diff erent Taw matenals i.e. canola meal as opposed to SOy bean, in which case the frnal '
lproducts yyould be different in therr aroma and flavour properties. Another difference\ would ‘
be the method of fermentatron. i.e. deliberate as opposed to natural fermentation, which was
used to produce: the commercial soy- sauce, as well as the duration of fermentation and
pasteurrzatron processes.” () - .
i Most commercral soy sauces have been fortified with artrfrcral flavouring agents'
which impart characteristic af:ma and taste to the product. It is possible that addition of ,
agents.- for eltample monosodium glutarnate, ethanol and cararnel, for colour and taste may
v 'improve the organoleptic properties of | the canola sduces. Nevertheless, it has been shown‘
that, et/en though tneir_ taste and aroma are quite different, the vcanola sauces produced by
j tlr’is deliberate fermentation had chemical compositio‘ns similar to the commercial soy. sauce. It
is possible .that,. with _bproper balance of the rnicrobial cultures inosculated in tlre moromi stage..

and ‘appropriate treatment of the sauce before bottling, as is done by commercial compaties,

~ qualities of canola sauce coul__d be made comparable to that of the best soy sauce on the
; _ Ny g »

market.
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5. GENERAL SUMMARY AND CONCLUSIONS

The mvestigation carried out in this research confirmed 'that it was possible to improve‘
the organoleptic quality of canola sauce by mvolvmﬁ’mcroorgamsms to deliberately ferment
canola mash. The addmon of the microorganisms, namely P. halophllus S. rouxii and T.
versatilzs. effectively produced lactic acid, ethanel and some volatile compounds which had
\been lacking m the prevrous sauce. Moreover the procedure used in in6culating ,the_whes
- showed that the best way of shortening the fermentation period was by inoculating the micro-

orgamsms in a stepwise fashion. |
It was evrdent from the . chemical composition of the sauces which had been
deliberately fermented that the stepWise procedure- was superior in the nitrogen containing
compounds to the ali-in procedure. This is an 1mportant observation since one of the aims
of sauce production is t0 convert the crude protein into a more utilizable form, which could

’

easily be/digested A better conversion of proteins implied a greater amount pof digestible
components that would be available for consumption The —réducing sugar \ﬁontent and
amounts of most of the organic acrds were much less in the sauce producea with the
stepwrse procedure (CSl) than in CS3 the ‘all-in' procedure. Generally, however, other
important chemical components in CSl were greater than in CS3. On the other hand from
results of sensory evaluanon the 'all-in' product (CS3) was rated better: lt suggests then
that, though the chemical components present in the 'all-in’ (CS3) product were lower than .
in the 'step\yise' product (CSl) the initial presence of the mixed culture in CS3 may have
exerted some synergrstic effects such that its organoleptrc quahty was found to be supenor
However, consrdermg that the amount of moculum used was the same in each case, it could
be that the P. halophilus, being alone initially in CS1, utihzed a great deal of sugar, thereby
producing more acid and reducing both glucose and sucrose’contents.. Consequently, this
imparted an undesirable sharp taste to the product. | o
Although statistical analysis showed inconsistency in | judgernent of the products by

’ ' . / . - N -
panelists, there was consensus that the canola sauces had similar aroma. While this may

largely be due to the raw material used, it is also possible that the volatile com'ponents
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resulting from excessive bacterial fe}??tation‘ could be another contributing factor. In spite _
of ‘the favourable chemical composition® of the canola sauces, their organolepiic quality still
requires some modification. For example, it would be essential to reduce tfe amount of P.
halophilus inolculum to as low as 10°-10° CFU/g of mash to reduce the amiount of lactjc acid

The reduction. in lactic inoculum may also enhance the yeast culture to

in the final pf'

v,‘! . e

peculiarqjo soy sduce. Further aroma improvement, involving the addition of certain

produce more Valcoptdl and more volatile components responsible ‘for the mature aroma

-~

Kavoug‘ng agents common to commercial sauces, may rid the canola‘sauce qf the 'raw’ smell.

= This experiment has shown that the deliberate fermentation of canola mash ﬁmproved
the ehemieal characteristics of canola sauces. Although these sauces ‘did not acquire all the’
characteristic taste and smell of soy sauce, the ;nodified' chemical characteristics evere a step
towerd the improvement of "canoia sauce quality. With a few adjustments to inoculum
amount and period of fermentation, e.bette'r balance of the taste ,end flavour components is ‘
possiﬁle. The stepwise inoculation procedure appeared to indicate that this improvement to the
sensory characteristicg; could be done Within a ‘sho;ter érmentatio‘n period than the 'all-in’
inoculated procedure. Moreover, with chemical composition more comparable’ to the
commercial Kikipmgn sauce, it could be suggested that the stepwise inoculation wbuld be a

better procedure to adopt for the production of canolwauce.

"
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- per gram (Yong and Wood, 1977a). ] » f

] 7.APPENDICES .
Appendix 1 o ‘ g ' - .
Protease activity. B C " T

E;(pi'e'SSCd as XS unit and defined as: an enzyrne, avsolution, of which containing 1.5 g per

litre,  which, under the stated ‘experirnental_ conditions produced a filtrate _with an optical

_density of 0.500 when measured in ‘a 10 min path length cell, hadha strength of 36 XS units

g

a-aniylase activity. _ - o . _ B C‘;‘}
Expressed as X umt per gram and def ined such that: 'the enzyme has an activity of one X
umt per gram when 25.0 mg of that preparatron reacts on lg dry werght of starch in a total

volume of 55 mL, a temperature of 30°C and a pH of 6.0, so that the achroic pomt is reached

*in 15 minutes'. X units per gram = '15/2tc, where ¢ = time to the achroic pomt (min) and c

4

= concentration of the extractin g per 100 mL. Achroic point is the time at which the opncal
densrty reathed 0.80, usmg!a lz‘mm path- length céll, and a wavelength of 617.5 nm (Yong

° . .
ERe \ ~
|

and Wood 1977a)

B- amy[ase or exoamylase activity.
Defined as: the amount of enzyme whrch produced 1.0 mg of reducmg sugar calculated as

glucose under the exper_rmental conditions (Goel and Wood, 1978).

Celiulase activity..-
Expressed by*esumatron of reducmg sugar and defined by that amount of enzyme whrch

produced 1.0 mg of reducing sugar calculated as glucose under the expenmental condrtrons

/ (Goel and Wood, 1978).

-
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o

Am yloglucoSidas? activity,
Expressed in enzyme units and defined as: that amount of enzyme Whlch produced 1.0 mg

" glucose in one mmute under experimental conditions' (Axdoo etal,1981).
!
Maltase activity.
Expressed in enzyme units and defined as: that amount of enzyme which produced 1.0 mg

glucose in one minute under experimental conditions (Aidoo et al., 1981).
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Appendix? ' o .
Duncan's Test. results for sensory evaluation
of canola and Kikkoman sauces (2 Sessions) °
Attribute * - " Session 1% Level 5% Level
Colour - 1 CS2 CS3 CSL KS £52 Cs3 CS1KS
‘ 2 .CS1 CS2 CS3 KS CS1CS2 CS3KS
Flavour ' 1 CS2 CS3 CS1KS. CS2 CS3 CS1 KS
- 2 . CSLCS2CS3KS - CS1 CS2ES3KS
Aroma - * 1 ™ CS1CS2 CS3KS CS1 CS2 CS3KS
2 CS2 CS1 CS3 KS§- CS2 CS1 CS3 KS
Overall Acceptance 1 CS1 CS2 CS3 KS CS1 Cs2 CS3 KS
3 CS1 CS2 CS3 KS CS1 CS2 CS3 KS'

-

A line typed under any samples indicates no s1gn1f1cant dlfference at the given percent level

among the samples



.

142

Appendix 3 e
t Mean scores of sensory evaluation testson
canola and Kikkoman sauces (2 sessions) : /
Samples
R A '

' Attribute - Session . ~CSl cs2 €83 KS

Colour 1 6.21 1 6.00 6.07 7.00

"’ 2 5.43 6.14 6.57 REL
Flavour w1 5.93 5.71 5.71 157
o 2 4.57 5.57 6.00 - 6.86"

Aroma 1 5.71 5.86 5.93 7.00

2 4.71 4.64 5.86 743

Overall Acceptance 1 '5.71 5.71 5.79 7.9

2 5.29 5.93 6.00 7.57




