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Abstract

A process to produce a soy saucc-like condiment from a mixture of
canola mecal and wheat was dcveloped, using a combination of cnzymes (o
replacec the koji step and immobilized living microorganisms 10 replace the
moromi step of fermentation, thereby shortening the production time 1o 3-4
days. To do so a serics of studics werec conducted. These included kinetic
studies of some major enzymcs; using a scrics of cnzymes to prepared
hydrolysates from a canola/wheat mixturc for immobilized ccll
fermentation; preparation of immobilized cultures in alginatc-based beads:
study of a bead preservation mcthod; fcrmentation of canola sauces from the
hydrolysates with the immobilized cultures; and study of a possible use of
canola/whecat residue as dictary fibers.

Activity, kinetic parameters and hcat stability of alkaline protease
(Alcalase 2.4L) and aminopeptidase (Dcbitrasc 2400.20) were studicd under
conditions rccommended for their applications using soy protcin isolatc as a
substrate. The Qjp of Alcalase calculated from the maximum rates of the
enzyme reaction at 60°C and 30°C was 1.9. At 60°C activity of Alcalase in 0.1 M
phosphate buffer, pH 8.0, was rcduced by half whereas in soy protcin isolaic
about 84% of the activity was retained. The Qg of Debitrasc was calculated
from the maximum reaction rate at 37° and 30°C to bec 2.3. Debitrasc was very
stable at 37°C since only about 10% of its activity was lost after 6 h of
incubation in 0.1 M phosphate buffer pH 7.0.

The hydrolysates obtained from the multi-stcp cnzymatic hydrolysis of
a canola/wheat mixture using, in sequence, pectinase (SP-249), a-amylase
(Termamyl 120L), alkalinc protcase (Alcalasc 2.4L), and aminopeptidasc
(Debitrase 2400.20) together with glucoamylase (SAN 200L) contained more
organic acids and less total soluble nitrogen and glucosc if the last sicp was
cxtended to 24 h than if it was only 14 h. This appcared to bec duc to the
growth of the naturally occurring lactic acid bacteria.

In the preservation study of Saccharomyces rouxii in alginatc beads
containing silica by air drying at 23°C, Ca-SiO;- and Sr-SiOj-alginatc bcads
retained about 19% and 32% of viable cells, respectively, whereas the
alginatc beads without silica rctained less than 2%. During storage at 4°C,

the population of the yeasts in the beads was gradually reduced.



Revitalization of the ycasts in Sr-SiOj-alginate beads siored at 4°C for onc

year incrcased the population from 27x102t0 29x106 after 60 h of acration in
YM broth at 30°C. Immobilized S. rouxii in fresh Sr-SiOj-alginate becads had
similar cthanol fermentation characteristics to that in revitalized beads that
has been stored at 23°C for 4 months.

Canola sauces were produced by fermenting the hydrolysates with
immobilized Pediococcus halophilus, Saccharomyces rouxii and Toluropsis
versatilis, Lactic acid fermentation by P. halophilus was completed after 48
h and cthanol fermentation by S. rouxii or T. versatilis was achieved after
12 or 20 h, respectively. The canola sauces produced with or without lactic
acid fermentation by immobilized P. halophilus contained 1.6-3.6% (w/v)
glucose, 1.3-1.6% (w/v) cthanol, 13.0-14.4% (w/v) NaCl, 0.3-0.7% (w/v)
glycerol, 16.3-21.8 (mcq NaOH/100 mL) total acidity, 1.3-1.8% (w/v) total
solublc nitrogen and had pH of 4.5-5.0. Physical characteristics of all canola
sauces were similar to that of Kikkoman soy sauce, except color. There were
no significant diffcrences in acceptability scores among canola sauccs.
However, most canola saucc sensory scores wcre significantly lower than
Kikkoman soy saucec.

In an attempt to minimize waste and improve process economy, dictary
fibcrs were produced from the canola-whecat residues of the multi-step
cnzymatic hydrolysis, using either water, acid, or alkaline trcatment. Total
dictary fiber contents of the residues, most of which was insoluble fiber,
were 39.4%, 59.2%, 56.6%, and 85.2% in the untreated, water washed, acid
washed, and alkaline washed samples, respectively.  Physical propertics of

the fibers varicd with different treatments.
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CHAPTER 1
INTRODUCTION

Food Flavorings from Plant Hydrolysates

In the Orient, there arec two major liquid scasonings prepared from
fish and plant protcins: fish sauce and soy sauce. Both are products of
cnzymatic hydrolysis in the presence of a high salt concentration.  Fish
saucc is thought to be the first fcrmented product of the Orient (Yong and
Wood, 1974). The first record of an animal protein fermented flavoring
agent is found in the book "Rites in Chou Dynasty,” written about 3,000 years
ago. The product is presumed to be the antecedent of soy sauce whose
prototype is belicved to have been introduced from China to Japan 1,300 or
more ycars ago (Yokotsuka, 1985a). With the influence of Buddhism, soy
sauce has gradually replaced fish sauce and has become a daily condiment of
the Chinese, Korcan and Japanese.

Soy sauce has become popular in Western countries as more and more
Caucasians ecnjoy Oriental food, making soy sauce an economically
significant commodity. Though it originated in China, Japanese soy sauce,
"Shoyu”, has gained a major share in the world's market over the original
Chinesc sauce, " Chiang yu", due to the continuous and extensive research
and dcvelopment in soy sauce production together with the aggressive
marketing by the modern and sophisticated Japanese soy sauce industry.
Research and development effort has made today's shoyu distinctively
different from chiang yu, which was invented at least 2,000 years ago
(Fukushima, 1985). Thercfore, it follows that the majority of research on soy
saucc and sauces similar to soy sauce, including this study, is based on the

Japancse processes of soy sauce production.
Soy Sauce Production
There are five types of soy sauce classified by the Japanese

Agricultural Standard (JAS), as presented in Table 1.1. They are graded as
spccial, upper and standard qualities (Fukushima, 1985). Koikuchi shoyu
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accounts for more than 85% of the total soy saucc production in Japan.
Koikuchi shoyu, therefore, is considercd the rcpresentative of Japancse soy
sauces. A typical chemical composition of good quality genuinc fermented
Koikuchi shoyu is 1.5-1.8% (w/v) total niirogen, 3-5% reducing sugar
(mainly glucose), 2-2.5% ethanol, 1-1.5% polyalcohol (primarily glyccrol), 1-
2% organic acid (prcdominantly lactic acid), and 17-18% sodium chloride,
with a pH of 4.7-4.8. In addition, morec than 10% of its nitrogcnous
compounds should be glutamic acid and about 50% frce amino acids
(Yokotsuka, 1986a).

The manufacturing process for Koikuchi shoyu is shown in Figurc 1.1.
It involves three major processing steps: a koji-making step, providing
enzyme sources; a brine fcrmentation step by lactic acid bactcria and ycasts
using substrates converted by the koji cnzymecs as their nutrients to produce
lactic acid, cthanol and other aromatic compounds; and a rcfining step for
color and flavor development as well as quality stabilization.

For economic recasons, chemical soy sauce has also been developed in
addition to fermented soy sauce. The manufacturing process for chemical
soy sauce, originating in Europe a few hundred years ago (Yokotsuka, 1986a),
is shown in Figure 1.2, It is a chcap and rapid process which docs not
produce sauce of the high quality typical of naturally fermented soy sauce.
This is essentially because chemical hydrolysis produces undcsirable
compounds such as dark humins, furfural, dimethyl sulfide, hydrogen
sulfide, levulinic and formic acids, which are not present in the fermented
soy sauce (Fukushima, 1981). In order to improve the organoleptic quality of
the chemical soy sauce, a semichemical process has been developed by
hydrolyzing raw soybcans with 7-8% hydrochloric acid, followed by lactic
acid and ethanol fcrmentation in the presence of wheat koji (Fukushima,
1979).

In Japan, chemical and semichcmical soy sauces are not defined as soy
sauce (shoyu) but are used as an extender of the sauce. However, plant
protecin chemical hydrolysate can be blended with fermented shoyu duc to its
higher content of tasty amino acids (e.g. glutamic and aspartic acids), amino
nitrogen to total nitrogen ratio, and pyrazines, as well as higher color
stability and modecrate price (Yokotsuka, 1986a, b). The chemical composition
and amino acid content of acid hydrolyzed vegetable protcins (HVP) arc



shown in Table 1.2, According to the JAS, as long as the flavor
characteristics of fermented shoyu are maintained, up to 50% of protein
chemical hydrolysate or up to 30% of protein enzymatic hydrolysate, on
nitrogen basis, is permitted for making products of upper and standard
grades, but not the special grade (Yokotsuka, 1986b). From this regulation, it
scems that shoyu produced in Japan is fortified with protein hydrolysate to
bring its checmical composition up to the standard as well as to standardize
the¢ product from different batches for uniform quality.

There have been a number of improvements in shoyu production in
the last few dccades that have led to better control of its quality and a shorter
fermentation time. These improvements can be summarized as follows:

1) Continuous high temperature, short time cooking and roasting of
raw matcrials. Soybcans are cooked at the pressure of 7 Kg/cm?2 for 15 s and
wheat is roasted at 170-180°C for a few minutes (Fukushima, 1985). This
shortcns the substratc preparation time and makes the raw materials more
digestible.

2) Mcchanization of koji making, The new process uses a continuous
throughflow system of aecration in which the temperature and humidity can
be controlled, usually at the culturing temperature of 25-30°C (Yokotsuka,
1986b). The new sysiem reduces the koji cultivation time from 72 to 48 h and
prevents the koji from being contaminated. It should be noted that solid
culturing of koji molds is still the method of choice as the new submerged
culturing technique has not yet been applied successfully in soy sauce
production. This is because submerged culture, which requires expensive
facilities, produces predominantly proteolytic enzymes but lacks other
cnzymes which contribute to the production of flavor in the sauce
(Fukushima, 1985 and Yokotsuka, 1986b).

3) Improvement of koji molds. Improvements in the proteolytic
activitics of koji molds for the industrial uses have been achieved by induced
mutation, crossing or cell fusion. Among the 65 strains of koji molds used in
shoyu manufacture, 80% of Aspergillus oryzae and 20% of Aspergillus sojae
arc found on thc Japancse market (Terada et al., 1981). These strains have
been naturailly and genctically sclected over the years. As recently reported,
A. oryzae has been improved so as to produce more proteolytic and

glutaminase activitics than the parent strain through protoplast fusion of



the parent strain and its mutant, induced by exposurc to x-ray (Furuya er al .,
1983 and Ushijima, 1984).

4) Control of moromi fermentation. The wuse of pure cultures of
Pediococcus  halophilus and Saccharomyces rouxii during the brinc
fermentation has been implemented recently to obtain a consistent
production of desirable quality Koikuchi shoyu (Fukushima, 1985).
Furthermore, lactic and cthanol fermentation may be completed within 2 or
3 days by passing liquid hydrolysate of the koji through column typc
reactors containing immobilized whole ceclls of P. halophilus, S. rouxii and
Torulopsis versatilis entrapped in calcium alginatc gels (Osaki er al., 1985).
However, improvement of sensory quality still nceds to be studicd with

regard to the latter method.
Canola Sauce Production

Soybean and wheat in approximatcly equal amounts arc used in
making shoyu. Wheat is considered the best source of carbohydrate because
it provides both starch and protein which is rich in glutamic acid (Tablc 1.3).
Therefore, it is very difficult to find other carbohydratc sources as suitable
substitutes. The major source of protcin and amino acids is soybecans. In
1978, 96.8% of soybean used in sauce production was defatted soybcan mcal.
This is because the meal is about 10% cheaper than whole soybcans and
because there is no diiference in the quality of the finished products made
from either of the raw materials (Yokotsuka, 1986b). Because of the ofien
wildly fluctuating price of soybeans on world market, and the fact that there
are other types of proteinaceous matcrials, many of which arc checaper than
soybean, there have been scveral attempts to substitute soybean with other
substrates in the production of soy sauce type condiment. Among these
attempts, defatted peanut cake (Church, 1923), acorns (Oda et al., 1949),
soybean hull (Kato and Matsumoto, 1964), copra mecal (Bacns-Arcega, 1970),
whey (Luksas, 1971a, b), and even garbage (Tsukahara, 1948) have been tried
without much success. The products made with these substitutes did not
possess quality typical of commercial soy sauce. In 1980, Ooraikul et al.
demonstrated that a sauce of acceptable quality could be produced from

rapesced meal.



Rapesced was grown in India and China for thousands of years before
being introduced to Europe in the fificenth century, and to Canada from
Europc in the 1930s. Commercial production of rapesced in Canada started in
the 1950s and the crop soon bccame the most important oil seed in the
country. Since the 1970s, duc to an intensive research effort in the Prairie
Provinces, Canadian rapesced has been genetically modified to contain very
low content of crucic acid and glucosinolates. The crop has since been
named "canola" to distinguish it from cultivars with low erucic acid and high
glucosinolate, and with high crucic acid and high glucosinolate grown in
other parts of the world. Canola seed has been used as a source of edible oil
for human consumption and protein-rich meal for livestock and poultry.
Canola mcal has bcen shown to have a morc balanced amino acid composition
than any other vegetable protein and is rated the best vegetable protein by
Sosulski and Sarwar (1973). Table 1.3 compares the protein content and
amino acid profile of canola meal with soybean meal.

Prcliminary study in the usc of canola mecal for the production of a
saucc by Ooraikul et al. (1980) using both conventional and semichemical
processcs adapted from Umecda et al. (1969) and Hesscltine and Wang (1972),
rcspectively, has proven the suitability of canola mecal as a soybean
substitute. Though the fcrmentation time was shortened from 8-12 months to
about onc month with the use of acid hydrolysis in the semichemical process,
thc high cost of acid resistant cquipment and food grade chemicals
diminished its viability as an industrial process. As wecll, acid hydrolysis of
protcins produccs undcsirable compounds with a resultant sauce that lacks
the aromas and flavors associated with natural fermentation. A new
approach which has bcen devcloped to overcome these problems is replacing
acid with cnzyme protcase, c.g. Alcalase 0.6L (Ma and Ooraikul, 1986).

The process of producing a sauce from canola meal with the aid of
Alcalasc 0.6L, a scrinc-typc cndoprotease, is summarized in Figure 1.3.
Canola mcal is hydrolyzed with Alcalase 0.6L for 2 h before mixing it with
roastcd wheat and Aspergillus cultures to form koji, to which 18% brine
solution is added after 72 h incubation to prepare moromi. The moromi mash
is lcft to ferment naturally for 5 wceks before a raw canola sauce is extracted
and pastcurized. The quality of the refined canola sauce was rated as

comparable to that of Chincse soy sauce, but inferior to Japanese soy sauce



(Kikkoman shoyu) despite comparable chemical composition, duc to low
contents of glutamic and aspartic acids and inadcquate lactic acid
fermentation. Ma and Ooraikul (1986) concluded that further modifications
in the fermentation process of canola sauce were necessary to improve its
sensory qualities.

Coleman and Ooraikul (1989) improved the fermentation process and
quality of canola sauce further by inoculating moromi mash with cultures of
P. halophilus, S. rouxii, and T. versatilis, cultivated in mecdia containing 18%
NaCl. Canola sauce was obtained after 31 days of fermentation. The products
had chemical characteristics similar to that of Kikkoman soy sauce (shoyu)..
However, an cxcessive amount of lactic acid and the absence of some aromas
typical of soy sauce, gave thc canola sauce a distinct "sharp tasic" and "raw
flavor."  The results suggested that limiting lactic acid fermentation while
encouraging more vigorous yeast fermentation is desirable.

To mect the nccessity of controlling both inoculum concentration and
degree of fermentation, a new technique of inoculation is requircd.
Fortunately, a recent biotechnological development in the arca of biocatalyst
immobilization, specifically immobilized living microorganisms, has
progressed to the point that a viable solution to these problems is possible. To
accommodate the use of immobilized cells in moromi fermentation a new
method of moromi preparation, in which the mash is in the liquid form, is
necessary. Application of multi-step hydrolysis of raw matcrials, using
commercially available enzymes, scems to be the most suitable choicc for this

purpose.
Enzymes in food processing

Enzymes are present naturally in all biological raw materials and can
be both desirable and undesirable in the processing of foods. Therefore, it is
not surprising that many cnzymes applicd to food processing have been
devcloped originally from scvcral natural sources, both plants and animals.
For example, malt cnzymes are from barley, rennin from calf stomach,
papain from papaya, ficin from fig trce, and bromeclain from pincapple. The
use of microbial enzymes in foods has historic roots in the Orient, where the
use of molds to produce enzymes for fermentation processes is well



established. The major sources of enzymes for the food industry are yeasts,
fungi and bacteria culiivated from both surfaced and submerged cultures.
This is duc to the fact that microbial growth is easier to control and enzymes
can be produced more ecfficiently -from microorganisms than animals or
plants.

The usec of enzymes in food processing is by means of either occurring
intrinsically where naturally occurring enzymes are used in their natural
state, or by adding cnzymes which have becn isolated and partly purified. In
somec cascs, usc of cenzymes is the only preferable choice to obtain results
which cannot be rcasonably achicved by physical or chemical methods; for
cxample, in tenderization of meat or liquefication of a candy center. When
an cnzymatic process can bc used as successful as a physical or chemical
process, thc cnzymc process is normally preferred (Reed, 1976).

Enzymes arc beneficial to the food processing industry because of the
mild conditions under which they act. They have high specificity for
desircd reactions and are less damaging to the environment due to their
biodegradability as well as ticis low dosage requirements which are usually
in the range of 0.1-1.0% of substrate wcight (Sheppard, 1986). However,
specificity, stability under the processing conditions, availability and cost of
the ecnzymes, as well as technical service support arc the key factors
influcncing the use of enzymes. The growth of industrial applications of
microbial enzymes is at the rate of 15% a year (Poulsen, 1987). The
distribution and trend of industrial applications of microbial enzymes are
shown in Table 1.4. Microbial enzymes used in food industry amounted to
30.8% of total cnzyme sales in 1970. This increased to 54.7% in 1985 and is
expected to be 43.3% in the year 2000. The drop in food use is predicted
because of the increase in the applications of enzymes in other industrics,
c.g. organic synthesis and production of pharmaceuticals and pesticides.
However, the use of enzymes in food industries other than sugar and dairy
incrcased from 8.3% in 1970 to 12.6% in 1985 and is expected to continue
increasing to 17.8% in 2000. Commercial food enzymes and their applications
are summarized in Table 1.5. They are derived from 15 fungi, 20 bacteria and
4 ycasts which are toxicologically accepted as safe (Reichelt, 1983).

In soy sauce production, thc purpose of koji stage fermentation is to
allow cnzymes produced by the selected molds to hydrolyze protein, starch



and other constitucnts of the raw materials. The main cnzymes isolated from
koji consist of proteinase, amylase and pectinase, as shown in Table 1.6
(Yokotsuka, 1985b), with the presence of glucoamylasec and glutaminase
(Yokotsuka, 1985a). From the enzyme profile of koji, it is possible  that
commercial cnzymes could be selected to replace the koji step in order 1o
shorten the fermentation process.

In fermented sauce, about 90-92% of the protcins in the raw materials
can be hydrolyzed into a liquid phase mostly as frcc amino acids by
proteolytic activities in koji, primarily from ncutral and alkalinc endo-type
serine  proteases, together with leucine aminopcptidases and acid
carboxypeptidases (Fukushima, 1985). Specific reactions of koji cnzymes arc
summarized in Table 1.8. Commercial alkalinc protcases which may bc uscd
to substitute those in koji are rcadily available. According to Gould (1975),
commercial serinec proteases include chymotrypsin from the ox or pig
pancrcas, trypsin from ox or pig pancrcas and subtilisin from various
strains of Bacilli.  These serinc protcascs have an average optimum pll
between 8 and 9, with subtilisin being the most thcrmostable at 55-65°C.
Other enzymes found in koji are also available commercially. They arc food-
grade enzymes from microbial sources. A thermostable o-amylasc produced
from Bacillus licheniformis capable of working at high tecmperature in the
range of 105-108°C for a short period of time has been used in liquefaction of
starch (Shcppard, 1986). Thermostable cnzymes arc desirable in  food
processing because at high tempcratures the reaction ratc is increcased and
microbial contamination of the material being processed s considcrably
reduced.

Glutaminase, esscntially an intraccllular enzyme produced by koji
molds, is not heat tolerant. It is easily destroyed at temperaturcs above 25°C,
and its activity is greatly lowered in the presence of high salt concentration
(Yokotsuka, 1985a). Therefore, the importance of glutaminase in providing
glutamic acid which is a flavor enhancer in the sauce is questionable. The
main source of glutamic acid in soy sauce may, in fact, be vegetable protcin
hydrolysate which is allowed by JAS to be used in fortification of the product.

Obviously, to prepare moromi broth by climinating the koji step in
sauce production, a multi-step cnzymatic hydrolysis is required.  Protcase,

peptidase, amylase, glucoamylase, and pecctinase would be the cnzymes of



choice. Commercial enzymes produced from microorganisms always possess
side activities (Table 1.7) which may provide additional advantages in
hydrolyzing the raw matcrials and making the hydrolysis even more
compatible with that of the koji enzymes. The number of steps in the
hydrolysis will depend on the optimum conditions, especially pH and
temperature, for maximum activity of individual enzymes. It is desirable to
have as many cnzymes as possible working together in one processing step,
to reduce production time and cost. However, until now, this has not been
possible. It is hoped that recent advances in biotechnology, especially in

genctic  engincering and cloning, will cnable the production of such

cnzymes in the ncar future.

Immobilization of microbial cells in food processing

Ccll immobilization is a natural phcnomenon. An cxample is a film of
organisms covering the surface of stones in water, which is the prototype of
a wastewater trcatment known as the trickling filter process. Natural
immobilization of microorganisms has been used in food processing for a
long time, e¢.g., in the production of vinegar, in which a gel-like film of
Acetobacter spp. is formed during the fermentation and is used as the
"Mother of Vinegar,” This may be the first application of cell immobilization
in food processing.

In the past few decades, there has been a rapid accumulation of
knowledge about the metabolism of microorganisms on a molecular level and
thc undcrstanding of fermentation processes, including the developments in
the arca of applicd enzymology and enzyme engineering. This led to the
commecrcial recalization of the wuse of immobilired enzymes and
microorganisms in catalytic processes. Industrially, immobilized glucose
isomerasc is the first and only immobilized enzyme being used globally by
food industry (Poulscn, 1987). However, immobilized glucoamylase and
invertasc arc available today with small amounts being used. In contrast,
therc arc more commercial applications of immobilized microbial cells in
food and food related products. Examples are raffinose hydrolysis in beet

sugar, glucose conversion in high fr:ctose syrup production, and L-aspartic
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acid and L-malic acid production from fumaratec (Linko and Linko, 1983). As
well, successful use of immobilized ycast cells in semicommercial production
of ethanol from molasses and other sugar sources has been reported
(Nakashima er al., 1987).

When the enzymes are intercellular and unstablc during and after
immobilization, when the microorganisms contain no interfering cnzymes,
and when the substrates and products arc low molecular weight compounds,
thc use of immobilized cells will bc more advantagcous than immobilized
cnzymes. The advantages include elimination of enzyme cxtraction and
purification, higher cnzyme activity and opecrational stability, lower
effective enzyme cost, regeneration of cofactors, and the possibility of using
multi-step enzymatic rcactions (Chibata and Tosa, 1983). In  addition,
immobilized cells offer advantages over frce cells in that high cell density
and high flow rates are possible, resulting in less contamination, and also
the products are easier to purify ( Nificz and Lema, 1987). On the ncgative
side, diffusion rates of substrates and mectabolites through the immobilizing
matrix may be low, and there is a possibility of metabolic changes.

There are three physiological states of cells in an immobilized
microbial cell system: dead, living, and growing (Chibata et al., 1983). In a
single step enzyme rcaction, the immobilized microbial cclls arc usually
dead, though the enzymes are still active and stable. When immobilized
microbial cells arc kept alive in a living state, such cells are called
"immobilized living cells." The immobilized living cells which arc in a
growing state are called "immobilized growing cells.”  Application of any
physiological state of cells will depend on the desired catalytic reaction.
Commercial immobilized cclls currently employed are dcad cells, cxcept thosc
for ethanol production which are living cells.

There are four principal methods of cell immobilization: cross-linking
of the cell itself with bi- or multifunctional rcagents, covalent binding 1o
preformed carriers, adsorption onto preformed carriers, cntrapment within
the carriers simultaneous with their preparation, entrapment: in  hollow-
fibers (Brodclius and Vandamme, 1987). Entrapment is, so far, the most
widely used technique for ccll immobilization, especially for viable cell
preparation. The materials being used to entrap the cells can be classificd

into synthetic polymers and natural polymers. Polyacrylamide,
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polyvinylchloride, photo-crosslinkable resin, and polyurcthane are the
synthetic polymers used as matrices, whereas polysaccharides (agar,
alginate, x-carragecnan and chitosan), collagen and gelatin, are the natural
polymers uscd (Chibata et al, 1983). Alginate has been used to immobilize
ycast cells in the semicommercial ethanol production, (Nakashima et al.,
1987), and has bcen most used for other cell immobilization in the studies of
cthanol production (Godia et al., 1987). This is due to very mild preparative
conditions, no toxicity to the cells being immobilized and relatively high
mcchanical strength and stability. The method of cell immobilization using
alginate is shown in Figure 1.4.

There is a nced to control microbial inoculum and the extent of
moromi fcrmentation to improve the quality of canola sauce (Ma and
Ooraikul, 1986; Coleman and Ooraikul, 1989). During moromi fermentation,
high activitics of lactic acid bacteria and yeasts are thc most important
factors governing the formation of sauce flavors (Yong and Wood, 1976). The
usc of "trained” culturc inoculation by Coleman and Ooraikul (1989) to
improve quality of canola sauce would nccessitate substantial microbial lab
facilitics to produce and maintain adequate quantities of the cultures.
Morcover, at this stage, there are complex biochemical reactions taking
place involving enzymes whose types and activities have not yet been fully
clucidated. It is clear that with the existing knowledge and technology, the
usc of commercial cnzymes to substitute moromi fermentation is not yet
possible.  Therefore, if immobilized living cultures could be prepared with
the microorganisms known to be predominant during moromi fermentation,
this would be an cxccllent means to control and to recuse inoculates, as well as
to rcgulatc the fermentation. This may shorten the overall fermentation

time and thus reduce the production costs of the sauce.
Dry preservation of immobilized yeasts

A constant supply of pure, viable and stable cultures of useful
microorganisms is very important. Therefore, proper maintenance and
preservation of the cultures are required. The selection of the preservation
mcthod depends on the opcrational costs and the quality of the preserved

culturcs.



Table 1.9 presents the comparison of different mecthods used for
preservation of microorganisms.  Although frecze-drying and decp freczing
offer a long shelf life with high survival rate and modcratc to good genctic
stability, their operational costs arc very high. In contrast, prescrvation by
drying in silica gel or soil provides, for some microorganisms, shelf lifc of
up to 20 yr with low operational costs. Genetic stability of the preserved
cultures is moderate to good. Therefore, prescrvation by drying is still an
attractive means to maintain cultures, ecspecially for industrial applications.

In fact, in China and other Asian countrics, ycasts and filamentous
fungi used in the production of fermented food and drinks have, for
centuries, been preserved and used in the dry forms as starters (Lotong,
1985). The dry preservation and dry inocula arc prepared by the mcthod
now known as the solid staic fcrmentation

The drying method is a simple mcthod which does not require
sophisticated equipment.  Soil, silica gel or gelatine arc normally uscd as
carrier materials (Malik, 1987). The cultures arec dricd under partial vacuum
over desiccators to protect the dricd microbes against the toxic ecffects of
oxygen.

There are a few rcports on the applications of dried immobilized
microbial cells. For instance, partial drying at room temperaturc of alginatc
beads in which Saccharomyces cerevisiae and Kluyveromyces fragilis arc
immobilized to increase mecchanical stability of the beads and reducc the
bead size has also been carried out in the production of cthanol (Linko et al.,
1983; Linko and Linko, 1984). As well, the usc of immobilization followed by
drying of alginate beads containing Aspergillus niger spores, to obtain
smaller beads and bctter storage, has been reported to improve the
production rate of citric acid several fold (Hamamci and Hang, 1989).

Industrially, it is desirable to have an inexpensive mecthod of
maintaining relatively purc and viable immobilized cultures. Drying of the
immobilized beads has certainly a potential application for industrial usc if
the microorganisms can maintain adequate viability after rchydration and
revitalization.  The main advantages in using dricd immobilized bcads arc
that the beads can be casily handled and that they require less space during

storage as well as lower transportation costs.
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A potential use of the canola-wheat residue as a source of dietary

fiber

Fruits and vegetables arc good sources of fibers. These plant fibers
arc rccognized as an important nutritional parameter in our diets; they are
known as dictary fibers. The lack of dictary fiber in regular dicts has been
rclated to chronic disorders such as constipation, diverticulitis, cancer of the
colon and appendicitis as well as the metabolic disorders such as gallstones,
ischacmic hcart discase, diabctes, obesity, and dental caries in the Western
and developed countries (Burkitt, 1975).

Dictary fiber is resistant to hydrolysis by the endogenecous enzymes of
thc mammalian digestive system. The main components of dietary fiber are
found in the cell walls of plant tissues which include the structural
compounds such as ccllulose, hemicecllulose, pectins and lignin. The
structural fcaturcs of the major components are shown in Table 1.10. These
components are divided into soluble dictary and insoluble dictary fiber.

Canola and wheat have crude fiber contents of 12 and 1.9%,
respectively (Table 1.3).  Their dictary fiber will certainly be higher than
the crude fiber since the crude fiber represents about two-third of cellulose
(insoluble dictary fiber) excluding all soluble dietary fibers (Medallion
Laboratorics, 1988). The residue of canola-wheat mixture after removal of
hydrolysate is a good source of dietary fiber. This by-product will be a waste
if no further use can be found. In fact, by-products from other food
processing opcerations have been used commercially as dictary fiber (Table
1.11). Therefore, the production of dictary fiber from the canola-wheat
residuc would offer an add-on value to the waste, as well as a solution to waste

management problems.

This work is a continuation of a series of studies on canola saucc
production initiated in 1980. The main objectives are:
1) to improve the efficiency of enzymatic hydrolysis of the canola-

wheat mixture and
2) to shorten thec moromi fermentation wusing immobilized living

cultures.
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The following chapters report studies of (i) the kinctic paramecters and
hecat stability of the proteolytic enzymes uscd in the hydrolysis of canola-
wheat proteins under conditions used during moromi broth preparation, (ii)
the multi-step enzymatic hydrolysis of the canola-whcat mixture using
commercial microbial enzymes to produce moromi broth without the koji
step, (iii) the use of cell immobilization of Pediococcus halophilus,
Saccharomyces rouxii and Toluropsis versatilis in thcir living staic for
fermentation of moromi broth, (iv) the dry preservation of S. rouxii
immobilized in alginatc beads as a simple mcthod of preservation and (v) the

potential use of the residue after removal of hydrolysate for dictary fiber.
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Tahle 1.1 Typical compositions of five varictics of soy sauce classified by
the Japanecse Agricultural Standard (Fukushima, 1985).

Soy Sauce (Shoyu)

Koikuchi Usukuchi Tamari Saishikomi Shiro
Decgree Baumé 22.0 22.2 29.2 26.9 26.9
NaCl* 16.9 18.9 19.0 18.6 19.0
Total nitrogen* 1.57 1.19 2.55 2.39 0.50
Formal nitrogen* 0.94 0.80 1.05 1.11 0.24
Reducing sugar* 3.0 4.2 5.3 7.5 20.2
Alcoholt 2.3 2.1 0.1 trace trace
pH 4.7 4.8 4.8 4.8 4.6
Color deep light dark dark yellow/
brown brown brown brown tan

*(%,wfv)
T (%.v/v)
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Table 1.2 Amino acid composition of acid hydrolyzed vcgetable protein
hydrolysatc and soy sauce (adapted from Manley ef al., 1981).

Acid Hydrolyzed Soy Sauce
Vegetable Protein (Koikuchi)

General composition (% dry basis)

Total nitrogen 50-175 4.5
NaCl 35.0 -45.0 44.0
o-Amino acids 23.0 12.5
Peptides 7.0 12.5
Glutamate 12.0-12.5 5.0-6.0
Organic acids 2.5-8.4 3.0-4.0
Fat 0.2-0.5 5.0
Carbohydrate 0.03-0.68 6.0-15.0
NH,Ct 0.25-4.85 0.8
Amino acid content (%, w/w)

Wheat Soybean
Alanine 1.6 1.3 1.1
Arginine 1.7 1.6 0.7
Aspartic acid 23 3.5 2.6
Cystine - - 0.2
Glutamic acid 14.1 5.5 5.7
Glycine 1.8 1.2 1.0
Histidine 0.8 0.6 0.6
Isoleucine 0.7 1.0 1.2
Leucine 1.1 1.8 1.8
Lysine 0.8 1.7 1.7
Mecthionine 0.4 0.1 1.1
Phenylalanine 1.5 1.1 1.1
Proline 5.4 1.6 1.7
Serine 2.3 1.5 1.3
Threonine 1.2 1.1 1.1
Tryptophan 0.5 0.5 -
Tyrosine 0.4 0.3 0.2
Valine 1.1 1.1 1.4
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Table 1.3 Amino acid composition of canola mecal, soybcan meal and whole

wheat.

Canola Meal* Soybean Mecal* Whole Wheatt

Proximate composition (dry basis)

Crude fiber 12.0 8.2 1.9
Ether extract 4.1 0.9 1.9
Protcin (Nx6.25) 41.0 50.0 12.2
Amino acid content (% in protein)

Alaninc 4,56 4.20 3.40
Arginine 6.11 6.44 4.61
Aspartic acid 8.03 11.20 4.71
Cystinc 1.23 0.65 2.24
Glutamic acid 16.69 18.00 31.52
Glycinc 4.96 4.60 3.89
Histidinc 2.81 2.40 2.20
Isolcucine 3.98 4,69 3.59
Lecucine 6.97 7.49 6.79
Lysine 5.98 6.22 2.52
Mcthionine 1.78 1.40 2.11
Phenylalanine 4.01 4.80 4.75
Proline 7.00 4.89 10.44
Serine 4.39 5.00 4.53
Threonine 4.50 3.80 2.87
Tryptophan 1.16 1.20 1.32
Tyrosine 2.46 2.80 3.20
Valine 5.11 5.00 4.22

* Clandinin et al. (1981)
+ Lasztity (1984)
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Table 1.4 Past and projected industrial applications of microbial cnzymes
(adapted from Poulsen, 1987).

Distribution(%) 1970 1985 2000
Detergent 65.6 35.7 33.6
Syrup 6.9 32.6 20.3
Dairy 15.6 9.5 5.8
Other food industries 8.3 12.6 17.2

Other non-food industries 3.6 9.6 23.1
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Table 1.5 Commercial food enzymes and their applications (adapted from

Reichelt, 1983).

Principal Enzymatic Activity

Example of Applications*

a-Amylasc

B-Amylasc

Iso-amylase

Catalasc

Cecllobiase or B-Glucosidase
Cecllulasc

Dextranase

Esterase
a-Galactosidase
Endo-p-glucanase
Glucoamyiase or Amyloglucosidase
Glucosc isomecrase
Glucose oxidase
Hemicellulase
Invertasc

Innulin

Laclasc

Lipasc

Malic acid dccarboxylasc
Maltase or a-Glucosidase
Pectinase

Protcase

Pullulanase

Tannasc

Xylanase

B,C,HLJLNO
H, ]

H,J

A,B,G P

I

LJLLR

L

B,C

L

J

CLJLL NOR
HILJL
GJP

M, Q

N

L

A,B,D,R

B,C

J

H

CFLJLQ
B,E,F,H,1J,K OR
HIJ L

J

H M

* A. milk; B, checse; C, fats and oils; D, edible ice; E, meat; F, fish; G, egg; H,
cereal and starch; I, fruits and vegetables; J, beverages (soft drinks, beer,
winc); K, soups and broths; L, sugar and honey; M, cocoa, chocolate, coffee
and tca; N, confectionery; O, bakery; P, salads; Q, spices and flavors; R, dietary

food.
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Table 1.6 Composition of enzymes isolated from shoyu koji (adapted from
Yokotsuka, 1985b).
Enzyme Substrate pH for Activity
for Assay Assay (units/g  koji)
Total proteinase cascin 7.0 1,500
Acid proteinase casein 3.0 295
a-Amylase starch 5.0 3.920
Acid carboxypeptidase I cbz-ala-glu 4.0 0.456
Acid carboxypeptidase II, III, IV cbz-glu-tyr 3.0 0.708
Leucine aminopeptidase II, III leu-gly-gly 8.0 0.360
Leucine aminopeptidase I leu-B-NA 8.0 1.405
CM-ccllulase CM-cellulose 5.0 21.60
Pcctin  transeliminase pectin 5.5 12.33
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Table 1.7 Industrial enzymes for plant tissue modification and their

common side activities (adapted from Godfrey, 1983).

Enzyme

Side Activity

a-Amylasc (bacterial)

a-Amylasc (fungal)
B-Glucanasc (bactcrial)
B-Glucanasc (fungal)

Ccllulascs
Ccllobiases
Galactomannanase

Hemicellulase

Ligninase

Pectinascs

Protcases (bacterial)

Protcases (fungal)

protcases( neutral and alkaline) and
B-glucanase

acid protease and glucoamylase
protcase and amylase
B-glucosidase and amylase

hemicellulase, pentosanase, amylase,
glucoamylase, protcase and lipase

amylase, glucoamylase and
B-glucosidase

amylase and xylanase

amylase, cellulase, pectinase,
B-glucosidase,protease, xylanase and
lipase

cellulase and B-glucosidase
cellulase, hemicellulase,
galacturonase, arabanase, xylanase,
protease and lipase

amylase and B-glucanase

amylase, glucanase, cellulase and
peptidases




Table 1.8 Rcactions of koji cnzymes.

[ 8]
(2]

Enzyme Recaction*
Proteinase, scrine-type hydrolysis of protcins and peptide
amides

Acid carboxypeptidase

Lcucine aminopeptidase

Glutaminase

a-amylasc

Glucoamylase

Pecctinase

Cellulase

peptidyl-L-amino acid + H,0 = peptide +
L-amino acid

aminoacyl-peptide + H,0 = amino acid +
peptide

L-glutaminc + HyO = L-glutamate + Nliy

endohydrolysis of 1,4-a-D-glycosidic
linkages in polysaccharides

containing threce or more 1,4-a-linkcd
D-glucosc units

hydrolysis of terminal 1,4-linked
a-D-glycose residucs successively from
non-reducing cnds of the chains with
rclease of B-D-glucosc

random hydrolysis of 1,4-a-D-
galactosiduronic linkages in pectate
and other galacturonans

endohydrolysis of 1,4-B-D-glucosidic
linkages in ccllulose, lichcnin and
cereal B-D-glucans

*Nomenclature committce (1984).
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Table 1.9 Mecthods of microbial preservation (adapted from Malik, 1987).

Mcthod Shelf Life Survival Rate Genetic Operational
(yecar) (%) Stability Cost
lturin
Agar slants <05 <10 poor low
Under oil <20 not known poor low
In water <5 not known poor low
Drying
Silica gel <10 not known good low
Soil <20 not known moderate low
Freez ryin 20-30 0.01-100 modecrate high
D freezin
-30°C <5 <10 modcrate high
-196°C >20 20-100 good very high
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Table 1.10  Structural features of the major componcnts of dictary fiber
(adapted from Bailey et al.,, 1978).
Polymer Main Structurc Main Variations
Cellulose B-1.4 linked glucose unit degrec of polymerization
Hemicellulose
Arabino- and B-1,4 xylose chain, a-1,2 branched and lincar
Glucuronoxylans linked arabinose, and xylan chains, number
glucuronic acid single and distribution of side
unit  side chain chains
Arabinogalactans B-1,3 galactose chains branching and number of
with beta B-1,6 linked side chains
galacto-araban sidc
chains
Glucomannans and B-1,4 linked glucose and number and side chain
Galactomannan mannose chains with distribution
singlc-unit galactose
side chains
Pectins a-1,4 galacturonic acid mcthoxy group side
chains containing 1-2 chains
linked rhamnosec;
galacto-araban side
chains
Lignin 3-dimensional nctwork

of phenyl propanc

units




Table 1.11
Andres, 1989).
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Proximate fiber contents of some food ingredients (adapted from

Ingredient Total Dietary Soluble(%) Insoluble(%)
Fiber(%)
Barley (the rcmaining after 65-70 3 62-67
brewing opcration)
Cecllulose (a pulp from plant) 94-07 - almost all
Corn bran 76-92 - most
Comn cob 90+ - most
Oat bran 16-23 almost all -
Oat fiber (oat hull) 67-98 - almost all
Pca hull (golden ficld pcas) 85-90 20-23 70
Pcctin 87 most -
Rice bran 20-40 5-7 15-33
Soybcan (no hull) 75-81 8-20 60-67
Soybean hull 75 8 67
Sugar bcet 60-81 22-25 38-56
Wheat 42-55 - most




Soybeans(400 Kg) Roasted wheat Seed molds
(340 Kg), crushed 0.1-0.2% w/w of
raw maltcrial)
Soaking in water
(or defatted soybeans, 330 Kg
moistened with 420 L hot water)

l

Autoclaving » Mixing(40-50% moisturc)

Koji making
(25-30% moisture,
48-72 h at 30°C

Salt(270 Kg) .
Water(1,200 L, 0-5°C) v
y

<
Moromi mash
(1 mo, 15°C to 28-30°C)

Fermt;:ltation
(6-8 mo, 28-30°C)

enzymatic dcgradation
lactic acid fermentation
cthanol fermentation

aging

Yeast starter (after 1 mo)
Agitation with compressed air ———p
(2-3 times/mo)

B

Pressing

Soy cake
(220 Kg, 30%moisture)

Raw shoyu (1,500-1,600 L)

pH 4.8-5.0
total nitrogen(TN), 1.6-1.8%
TN digestibility 80-85%

Pasteurization (70-80°C, 30 min)

Sediment ¢ i
d

Refine shoyu

Figure 1.1 Manufacturing process for koikuchi-shoyu (after Yokotsuka,
1986a, b).
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Wheat

Soybeans
(1 part)

Figure 1.2

Wood, 1974).

I (1 part)

Mixing

J

Hydrolysis
(with boiling 20% HCI
for 12-16 h)

v

Filtration

\ 4
Neutralization
(with 50% NaOH to pH 4-5)

J

Pasteurization

l

Chemical soy sauce
(18% w/v NaCD

Manufacturing process for chemical soy sauce (after Yong and



Ground canola meal, 50 g
Water, 210 mL -——OJ(—— Alcalase 0.6L
Enzyme  hydrolysis

l‘——— Water

Liquid mash, 250 mL
(adjust pH to 5.5 with conc, HCL)

Hydrolysate, 140 mL ¢———— Pressing ———— Residual mash

50 g roasted, ground wheat
NaCl Aspergillus culture

Hydrolysate, 18% NaCl Koji incubation
I (at 28°C, 72 h)

(adjust pH to 5.5 with conc.
lactic acid, if neccessary)

|

Moromi fermentation
(at room temp. for 5 wk)

l

Residual cake ¢ Pressing ———p Raw canola sauce
g

l

Centrifugation<— Pasteurization
1 (at 75°C, 30 min)

Refined canola sauce

Figure 1.3  Process of enzymatic production for canola sauce (Ma and
Ooraikul, 1986).
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Figure 1.4 Techniques for cell immobilization in alginate gel.
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CHAPTER 2
ENZYME KINETIC PARAMETERS OF SOME COMMERCIAL PROTEOLYTIC
ENZYMES AT THEIR APPLICATION CONDITIONS

Introduction

Enzymes are uscd in many arcas of food industry, particularly in the
processing of certain types of food. Primary applications arc in the
modifications of appearance, flavors, texture and chcmical propertics  of
foods. The use of cnzymes in the food industry has incrcased from 30.8% of
the total industrial use in 1970 to 54.7% in 1985 (Poulsen, 1987). The sources
of food enzymes are animals, plants and microorganisms. Howcver, the
major sources are microorganisms as it is casier to control their growth,
making the microbial enzyme production the most efficient among the three
sources. Enzymes in commercial uses arc mainly hydrolytic, c.g. amylases,
pectinases, glucoamylases, protcases and lipases (Grodner, 1976).

An original attempt at enzyme application in food processing was 10
use microbial proteases to improve acceptability of food matcrials such as
soybean (Fujimaki er al, 1971). Olsen and Adler-Nissen (1979) rcported the
use of commercial microbial enzymes in the industrial production of solublc
soy protein hydrolysatc at the iso-electric point of pH 4.6 with no bitter tastc.
Long before that, microbial cnzymes from Koji preparation were used in
hydrolysis of raw materials, known as the Moromi process, in SOy sauce
production (Yokotsuka, 1986). Using Koji enzymes, in fact, is the first crucial
step toward obtaining good quality sauce. Among koji enzymes, protcolytic
enzymes arc particularly important since they hydrolyse protcins to small
peptides and amino acids which are the basic constituents of the sauce.
Recently, commercial protecases have been successfully used to replace or
supplement koji ecnzymes in the production of starting protcin  hydrolysate
for soy sauce (Nakadai and Nasuno, 1976) and canola saucc (Ma and Ooraikul,
1986; Coleman and Ooraikul, 1989).

The commercial use of these enzymes in food processing is obviously
predicated on the cost cffectiveness of the application. This, in tum, dcpends

on the amount of cnzyme required, the opcrating conditions and the
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cfficiency of product conversion. Fortunately, these factors can be assessed
from cnzyme kinelics. However, most industrial cnzymes are rarely
chemically pure and they are primarily characterized as specific catalysts.
Morcover, the information on enzyme kinectics is usually based on the study
of a model sysiem with synthetic substrates, under standard conditions that
differ from that of industrial applications. In order to obtain data that are
more rclevant and applicable, Fullbrook (1983) suggested that the enzyme
kinctics should be assayed at the nearest application conditions and on the
actual substratc of that application.

The two proteases used in the production of canola sauce were Alcalase
2.4L. (alkalinc protease) and Dcbitrase 4500.20 (aminopeptidase). Alcalase
2.4L, also known as Subtilisin, has a molecular weight of about 27,300 Da and
contains serine at its active site (Petersen, 1981). According to the
manufacturcr, optimum conditions for the industrial application of this
cnzyme arc pH 8-9 and 60°C.

Dcbitrase is a mixture of enzymes from two different sources. One
dcrived from Streptococcus lactis and the other from Aspergillus oryzae.
Molccular weight of intracellular and extrac¢llular aminopeptidase of S.
lactis is estimated to be 49,000 and 26,000-29,000 Da, respectively (Law, 1979).
For A. oryzae, there are three types of leucine aminopeptidases of which
molccular weights have bcen estimated to be 26,500, 61,000 and 56,000 Da
(Nakadai et al., 1973a, b, ¢). The rccommended optimum temperature and pH
of Dcbitrasc arc 37°C and pH 7.

Using similar conditions with respect to pH and temperature as those
used in the hydrolysis of protein for sauce production, the kinetic
paramcters and loss of activity due to heat inactivation of the enzymes were
dctermined. The natural substrates used for the protease and peptidase were
soy protein isolatc and soy protein hydrolysate, respectively, since neither

canola protcin isolate nor hydrolysate was available.
Materials and Methods

Alcalase 2.4L and Debitrase 4500.20 were gifts from NOVO Industri A/S.
and Impcrial Biotechnology, Ltd., respectively. Information on the origins
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and optimum conditions of these enzymes provided by the companics s
presented in Appendix 1.

Synthetic substrates used were azocascin for protcases and L-lcucine
p-nitroanilide for aminopeptidase, both from Sigma Chemical Co. (St. Louis,
MO). For natural substrates, soybecan isolate, Supro HD 90 (Ralston Purina
Corp., St. Louis, MO), was solubilized at room tempersture (23°C) using water
adjusted to pH 8.5 with NaOH. The soluble protcin was then freeze-dricd.
Total nitrogen of the protein isolate, determined by Kjcldahl, was 11.32%. Soy
protein hydrolysate was prepared from freeze-dricd soy protcin isolate using
a pH-stat method of Adler-Nissen (1977). It was prcpared by Alcalase 2.4L
hydrolysis of 10% (w/v) soy isolatc (Enzymc/Substratc [E/S] = 2% of protein)
at 60°C. The pH of the reaction was maintained at 8.0 with 4 N NaOH until the
degrec of hydrolysis (DH) recached 14%. The rcaction was tcrminated by
heating in boiling water for 15 min.

All other chemicals used in the experiments were rcagent grade.

Kinetic paramecters of Alcalase 2.4L were determined at  substrate
concentrations of 0.05-0.5% protein (Nx6.25, w/v) in 0.1M phosphatc buffcr
pH 8.0 at 30° and 60°C. The reaction was performed in micro centrifuge
tubes. Substrate of 0.92 mL was cquilibrated to the desired temperature in a
water bath for 20 min before 0.08 mL enzyme (0.1% and 0.01%, v/v, in bulfer
for the reactions at 30° and 60°C, respectively) was added. The rcaction was
stopped after incubating for 10 min, with 0.2 mL of 20% (w/v)
Trichloroacetic acid (TCA). After centrifugation for 15 min in an Eppendorf
Centrifuge Model 5414 (Brinkmann Instruments, Inc., Rexdale, Ont.), the
color of the hydrolyzed substratc in the supcrnatant was devcloped using
Trinitrobenzene sulfonic acid (TNBS) (Ficlds, 1972) and was mecasurcd at 420
nm using a Hewlett-Packard Modcl 8451A Diode Array Spectrophotometer
[Hewlett-Packard (Canada) Lid., Edmonton, AB] to obtain the recaction velocity
of the enzyme which was expressed as puM leucine cquivalent per minute.
The procedure for color devclopment is summarized in Appendix 2.

Kinetic parameters of Dcbitrasc 4500.20 were dctermined using soy
protein hydrolysate (14% DH) at substrate concentrations of 0.02-0.4%,
protein (Nx6.25, w/v) in 0.1M phosphate buffer pH 7.0, at 30° and 37°C.
Substrate of 0.9 mL was cquilibrated to the desired temperature in a water
bath for 20 min before 0.1 mL enzyme (0.2% and 0.1%, w/v, in buffcr for the
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rcaction at 30° and 37°C, respectively) was added. The reaction was
terminated after 10 min with 0.2 mL of 20% (w/v) TCA. After centrifugation
for 15 min in an Eppcndorf Centrifuge Model 5414 , color of the supernatant
was developed with TNBS and was mecasured at 420 nm. The reaction velocity
of the cnzymc was cxpresscd as uM leucinc equivalent per min.

The kinctic parameters, Vmax and K, were calculated from the
velocity plots using a computer program based on the statistical method of
Wilkinson (1961).

Activitics of both enzymes in the natural substrates were dctermined
bascd on the substratc concentration at 10 Ky obtained for each enzyme. One
unit of activity is thc amount of ecnzyme that, under the conditions studied,
forms products cquivalent to one pM leucine per min.

Heat inactivation of Alcalase at 60°C with and without the substrate
was cvaluated during the incubation of the enzyme at 0.2% (v/v)
concentration in the solution of 0.1 M phosphate buffer, pH 8.0, or in 10%
(w/v) solution of soy protein isolate. The enzyme was added to the pre-
cquilibrated buffer or substrate solution in a closed test tube while being
continuously stirred with a magnetic bar. The incubated enzyme solution
was drawn at an appropriate time interval and transferred to 0.9 mL cold
phosphate buffer, pH 8.0. This cnzyme solution was further diluted 10 fold
before its activity was evaluated. The activity of the heat-treated enzyme was
then mcasurcd in the same manner as for kinetic parameters at 30°C, using
1.8% (w/v) azocascin solution as substrate (Tomarelli et al., 1949) and
monitoring the changes in absorbance at 340 nm. The effect of heat
inactivation was cxpressed as the percentage of the remaining activity of the
cnzyme.

Heat inactivation of Debitrase at 37°C was investigated in 0.1 M
phosphatc buffer, pH 7.0, at the cnzyme concentration of 1% (w/v), using L-
lcucine p-nitroanilide as substrate (Tuppy er al.,, 1962). At suitable time
intervals, 0.2 mL of the incubated enzyme was transferred into 0.2 mL cold
water.  This heat-treated enzyme solution of 0.02 mL was then added to 1 mL
of 0.2 M L-lcucine p-nitroanilide which had been pre-incubated in a HP
diodc spcctrophotometer for 20 min at 30°C. Initial rates of changes in
absorbance between 0.04 and 0.22 AU (Absorbance Unit)/min were
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monitored at 410 nm, The remaining activity of the enzyme was then

calculated from the initial rates.
Results and discussion

In the present study, activity of Alcalse was found to be 14,600 and
80,400 units per mL enzyme at 30° and 60°C, respectively.  The reaction rates
of the enzyme at various substrate concentrations arc shown in Figure 2.1
for the reaction at 30°C and Figure 2.2 at 60°C, from which the kinctic
constants were estimated. At 30°C the K and Vpax were 0.18 + 0.01% protein
isolate and 177 + 6.3 uM leucine/min/0.1 mg cnzyme, and at 60°C, 0.16 + 0.02%
protein isolate and 123 + 6.4 uM leucine /min/0.01 mg cnzyme.

In the industrial production of a soluble enzymatic hydrolysite of soy
protein, the concentration of protein is 50K, (Olsen and Adler-Nissen, 1979),
allowing the reaction rate to proceed at 98% of the theorctical maximum. At
this level of substrate, the time required to achieve a desired DH s
independent of the substrate concentration but is inversely dependent  on
the enzyme to substrate ratio (E/S). The DH of the hydrolysate is normally
aimed at 10-15% to obtain maximum yield with minimum bittcrness (Eriksen,
1982) if the hydrolysate is to be used as a food ingredicnt.

The effects of heat inactivation of thc enzyme on its activity at 60°C
are shown in Figure 2.3. At high temperatures the ratc of heat inactivation
is grcater than the rate of the catalyzed rcaction, thercforc the reduction in
the rate of an enzyme-catalyzed reaction becomes significant (Laidler and

Peterman, 1979). In buffer solution, the enzyme lost its activity very rapidly,
only half of the original activity (T;_) rcmained after 20 min, whereas in soy

protein isolate 84% of the activity was retained. The presence of a substrate
is known to provide stabilization cffect against conformational changes,
resulting in the reduction of the hcat inactivation rate. After 2 h, which is
the normal reaction time uscd, about 25% activity was lost.  Thercfore, it
appeared that the loss of Alcalase's activity under the actual application
conditions was quite small.

Dcbitrasc's activitics at 30° and 37°C were 14 and 17 units/mg cnzyme,

respectively. Reaction rates of the enzyme at various substrate
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concentrations at 30° and 37°C are shown in Figure 2.4 and 2.5, respectively.
The kinctic paramecters at 30°C were 0.08 + 0.01% protein hydrolysate for Km
and 41 £ 1.3 uM leucine cquivalent/min/0.2 mg enzyme for Vmax. At 37°C, Ky
was 0.12 + 0.01% protein hydrolysate and Vpax was 38 + 0.8 uM leucine
cquivalent/min/0.1 mg enzyme. In the actual applications, the
concentration of substrates would be about 100Ky, and the reaction rate of
the catalysis would approach 99% of the maximum rate.

Dcbitrasc was very stable at 37°C which was the recommended
tcmperature for industrial applications. Even in the buffer solution, only
about 10% of the activity was lost after 6 h incubation (Figure 2.6). Its
stability in the prescnce of the substrate should be even higher than that in
the buffer. However, as mentioned above, the enzyme is a mixture from two
differcnt sourcecs. The intra- and extracellular aminopeptidases of S. lactis
have optimum pH at 6.8 and 6.3, and optimum temperature at 37° and 30°C,
recpectively (Law, 1979), whereas those of leucine aminopeptidases from A.
oryzae arc at pH 8-8.5 and 50-60°C (Nakadai et al., 1973a, b, c). It appears that
the rccommended optimum conditions of Debitrase for industrial applications
arc compromiscd values between the two sets of the optima. Therefore, any
loss in Dcbitrase's activity during heat trcatment would come mainly from
heat inactivation of extracellular aminopeptidase from §. lactis since
aminopeptidascs from A. oryzae should be stable at 37°C. In any case, the
loss of Decbitrase's activity would be very small during the catalytic reaction
in the actual applications.

Generally, natucal substrates are very complex and undefined. During
the hydrolysis, they are no longer the same, chomically, as they were
initially.  This leads to a difficulty in interpretation of the derived kinetic
data. Furthermore, it should be noted that most commercial enzymes
produccd in large scale for industrial use are impure and usually have minor
sidc activitics from other cnzymes. The kinetic parameters obtained for
Alcalase and Dcbitrasc would be influenced by other minor proteolytic
cnzymes that have different optimum conditions.  Therefore, these kinetic
valuecs, in fact, represent the overall proteolytic activities of complex enzyme
systems.

In the preparation of soy protein hydrolysate for soy sauce, Alcalase
would be applied to hydrolyze proteins in the raw materials to large peptides
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first, followed by Decbitrasc to further brcakdown the peptides to  smaller
peptides and frce amino acids. The resultant hydrolysatc would then be
suitable for subsequent fermentation. The kinctic data obiained in this study
does provide nccessary information for efficient cnzymatic hydrolysis. 1t is
expected that these kinetic characteristics apply cqually well 1o the
hydrolysis of canola protein sincc its amino acid composition is very  simdlar

to that of soy protein (Clandinin et al., 1981).

Conclusion

The kinetic characteristics of Alcalase and Dcbitrase obtaincd in the
present study indicate that under industrial conditions the reaction rates of
the enzymes approach their theoretical maximum. The loss of she cnzymes'
activities at their optimal temperatures during the normal period of
applications was low. The kinctic data appears to represent the overall
characteristics of the complex enzyme systems rather than of pure cnzyncs.
Neverthcless, they still provide necessary information that could be used to
regulate the hydrolysis of soybcan or canola mecal to obtain a maximum
degree of hydrolysis.

The kinetic parameters of Alcalase and Debitrase from this study could
be applied to control time or E/S ratio in soy protcin hydrolysis to producc
soy hydrolysate which is suitable for further fermentation into SOy saucc.
These kinetic data served as guidclines for cfficicnt hydrolysis of canola and

wheat protein as shown in Chapter 3.



41

150 r

leu/min

Rate [v], uM

{Si/v, (x10'3)

/

-0.1 00 0.1 0.2 03 04 05
Substrate [S], %

Figure 2.1 Michaclis - Menten (A) =nd Iianes (B) plots of kinetic da of
Alcalasc 2.4L at 30°C using sov isolate as substrate. Km = 0.18 *

0.02% protein (Nx6.25).



100 i

[o]
o

leu/min

40

Rate [v], uM

20

1 1 i
-0.1 00 0.1 0.2 03 0.4 05
Substrate [S], %
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0.02% protein (Nx6.25).
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Figure 2.3 Hcat inactivation of Alcalase 2.4L at 60°C in soy isolatec (9) and
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CHAPTER 3
HYDROLYSIS OF CANOLA MEAL WHEAT FLOUR MIXTURE USING
HYDROLYTIC ENZYMES

Introduction

The use of enzymes in food processing either occurs intrinsically
where  naturally occurring enzymes are used in their natural state, or
cxtrinsically by adding ecnzymes which have been isolated and partially
purificd. In some cases, usc of enzymes is the only choice to obtain results
which cannot be rcasonably achicved by physical or chemical methods; for
cxample, in tenderization of meat or liquefication of a candy center. When
an cnzymatic process can be used as successful as a physical or chemical
process, the cnzyme process is normally preferred (Reed, 1976).

In conventional soy sauce production, solid-state fermentation of
sclected molds, known as "koji stage" preparation, is employed to produce the
hydrolytic cnzymes necessary for breaking down protcin, starch and other
constitucnts of the soybean-whcat mixture. The major koji enzymes have
been isolated and identified as proteinases, peptidases, amylolytic enzymes,
ccllulases and pectinasecs, with a small amount of glutaminases (Yokotsuka,
1985a, b). From the profile of koji enzymes, it is possible to replace the koji
step with sclected commercial enzymes in order to accelerate the preparation
of hydrolysate.  This hydrolysate, known as "moromi broth," is fermented
further with lactic acid bacteria and yeasts, which results in shortening of
the overall fermentation process. There have been a few successful attempts
in the use of certain isolated cnzymes as substitution for, or in addition to,
the koji cnzymes in the production of soy sauce. For example, commercially
available protcinascs and peptidases from Aspergillus oryzae and Aspergillus
sojae (Nakadai and Nasuno, 1976), lyophilized proteases from A.oryzae
(Nakadai and Nasuno, 1988), isolated glutaminase from black Aspergillus and
Cryptococcus albidus and isolated proteases from A.oryzae (Nakadai and
Nasuno, 1989) were used in soy sauce production. A commercial microbial
protcasc from Bacillus subtilis has also been successfully applied in
production of canola sauce (Ma and Ooraikul, 1986; Coleman and Ooraikul,

1989).
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Commercial enzymes are derived from 15 fungi, 20 bactcria and 4
yeasts, all of which are toxicologically safe (Reichelt, 1983). These provide a
wide range of options from which suitable ecnzymes may be sclected.
Protease, peptidase, amylase, glucoamylasc, and pcctinasc would be the
enzymes of choice in replacing koji preparation. However, preparation of
moromi broth by climinating the koji stcp in sauce production will rcquire a
multi-step enzymatic hydrolysis in order to obtain a  hydrolysaic that is
comparable to the traditionally prepared one.

This chapter prescnts the studies of enzymatic hydrolysis of canola-
wheat mixture using alkaline protcasc (Alcalase 2.4L), aminopeptidase
(Dcbitrase 4500.20), a-amylase (Termamyl 120L), glucoamylase (SAN 200L),
and pectinasc (SP-249).

Materials and Methods

Canola mcal and wheat grain were obtained from Alberta Food
Products Ltd., Fort Saskatchcwan, Alberta and Alberta Wheat Pool,
respectively. Their proximate chemical compositions are presented in
Appendix 3.

Alcalase 2.4L, Termamyl 120L, San 200L, and SP-249 were from Novo
Industri A/S, Dagsvacrd, Dcnmark, donated by Van Waters & Rogers Lid.,
Lachine, Qucbcc. Debitrasc was a gift from Imperial Biotechnology Ltd.,
London. (Sce Appendix 1. for details). All other chemicals were rcagent
grade.

A mixture of canola mcal and whole whecat flour was prepared in the
proportion of 3:2 (dry weight). A suspension of 62 g of the mixed substratc
(55 g dry weight) and 330 mL distilled water (substratc to water ratio = 1:6)
was hydrolyzed with one cnzyme at a timc at their optimum pH and
temperaturc (pH 4.5, 55°C; pH 7.0, 95°C; pH 8.0, 60°C; pH 7.0, 37°C; and pH 4.5,
60°C for SP 249, Termamyl 120L, Alcalase 2.4L, Decbitrasc 4000.20 and SAN
200L, respectively) in a double-sleeved, jacketed glass reactor cquipped with
a magnetic stirrer.  The reaction temperature was controlled with a water
bath. The suspension was adjusted to the desired pH with 6N NaOH or 8N HCI

and was cquilibrated to the desired tempcrature before an cnzyme was added
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to start the hydrolysis. The hydrolyzed suspension of 1.5 g was sampled at
rcgular intervals for analyses. The reactions of Alcalase, SP-249, and SAN
were terminated with an cqual amount of 0.2N H2S0O4 and that of Debitrase

and Termai srminated with 0.IN H2S804 on ice. The samples were
later centrifi. : 2C Model HN-S II Centrifuge (Instrumental Equipment
Co., Neodhas *Aass.) to removed solid particles before the reaction
product; wer. - uayzed.

Protcin in the raw matcrials was hydrolyzed by 158 puL Alcalase 2.4L
(ecnzyme concentration was 1.0% of protein) at 60°C and pH 8. The hydrolysis
was controlled using the pH-stat method according to Adler-Nissen (1977)
from which the decgrec of hydrolysis (DH) was monitored. This was followed
by hydrolysis with 148 mg Dcbitrase 4500.20 (cnzyme concentration was 1.0%
of protcin) at 37°C and pH 7. The protein and free amino groups of the
hydrolysates were dctermined using micro-Kjeldahl (A.0.A.C. 1980, Method
14.084 ) and Trinitrobenzene sulfonic acid (TNBS) method according to Fields
(1972), respectively.

Starch was hydrolyzed sequentially by 50 pL Termamyl 120L (enzyme
concentration was 0.3% of starch) at 95°C and pH 7; and then by 48 uL SAN
200L (cnzymc concentration was 0.3% of starch) at 60°C and pH 4.5.
Disaccharides, cxpresscd as maltose, and glucose were identified and
quantificd using high pressure liquid chromatography (HPLC) on a Rezex
ROA-Organic acid column (Phenomenex Inc., Torrance, CA) at room
tcmperature, using 0.0IN H;S 04 as the mobile phase at a flow rate of 0.6
ml/min, with a Shimadzu RID-6A refractive index dectector (Shimadzu Corp.,
Kyoto, Japan). Diluted samples were filtered through 0.45 pum millipore
mcmbranc (Millipore Corp., Bedford, MA) and passed through a Bakerbond
spc disposable cxtraction column (J. T. Baker Inc., Phillipsburg, NI). The
injection volume of 20 pL was uscd for both cleansed samples and a standard
sugar solution containing maltose and glucose. The concentration of each
sugar was calculated from the pcak arca obtained from a Shimadzu C-R3A
Chromatopac integrator (Shimadzu Corp., Kyoto, Japan). Reducing sugar was
determined according to Miller (1959) and was used for the calculation of
dextrose equivalent (DE).

Pectic substances in the mixture wcre hydrolyzed by 100 puL SP-249
(cnzyme concentration was 2.0% of pectin) at 55°C and pH 4.5. The
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hydrolyzed pectic substances were estimated as galacturonic acid according
to Kintner and Van Burcn (1982).

A multi-step enzyme hydrolysis of the mixture was also carricd out
using SP-249 (2.5 h), Tcrmamyl (2 h), Alcalase (2.5 h), and Dcbitrasc and SAN
(6, 14, 24 h), in that order. The conditions used for all the enzymes, cxcept
SAN, were the same as above. SAN was applicd togcther with Debitrasc as the
last step of hydrolysis and the optimum conditions used werc thosc of
Debitrase.  The last step of hydrolysis was carricd out for up to 24 h.
Hydrolysate was separatcd in 250 mL bottles after centrifugation at 9,000 g
for 20 min in a Beckman Model J2-21 centrifuge (Beckman Instruments, Inc.,
Palo Alto, CA). Total soluble solids (TSS) and pH were determincd with an
Abbe icfractometer (Carl Zeiss, Germany) and a Fisher pH meter (Fisher Sci.,
Ottawa, Ont.) respectively. Total soluble nitrogen (TSN) was determined using
the Micro-Kjeldahl (A.0.A.C.mecthod 47.021, 1980). Organic acids were
identified and quantificd using the same HPLC unit with 0.02N HySO4 as the
mobile phase at a flow rate of 0.6 ml/min and column temperaturc of 60°C.
Glucose was analyzed with the mecthod described above.

Results and Discussion

Hydrolysis of the canola-wheat mixture by alkaline protcase, Alcalasc
2.4L, at pH 8.0 and 60°C appcared to be complete afier 2.5 h (Figurc 3.1).
About 94% of the protein was hydrolyzed and the degree of hydrolysis (DH)
of 15% was achieved. Thc DH of this mixed canola-wheat protcin was similar
to that of soybean protcin hydrolyzed by the same cnzyme (Eriksen, 1982). It
scems that Alcalase works on these two different substrates in a similar
manner. The DH of the hydrolysate incrcased to 20% after 7 h of hydrolysis.
In this cxtended hydrolysis, there was no increase in hydrolyzed protcins,
but according to Johanscn (1968) there was a further brcakdown of the
peptide chains in the solublc proteins, particularly at Gln-His, Scr-His, Luc-
Val, Leu-Tyr Tyr-Thr bonds, with an increase in bitter tastc. Thercfore, (o
save time and minimize bitter taste, the hydrolysis should not cxceed 2.5 h.

After 4 h of Alcalase hydrolysis, the hydrolysate, containing 17% DH,
was subjected to Decbitrase hydrolysis at pH 7.0 and 37°C. The high DH of the
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substratc would be preferable because there are more small peptide chains
in the hydrolysate on which Debitrase, an aminopeptidase, can work. The
resultant products were free amino acids and small peptides, having less
bitterness, which would be similar to that from reactions of
carboxypeptidascs (Arai et al.,, 1970, Hevia et al., 1976 and Umetsu et al., 1983).
The hydrolysis curve (Figurec 3.2) showed that the reaction appeared to be
constant after 7 h. The concentration of free amino groups after 7 h,
cxpressed as lcucine, was 11.9 g/ which was calculated to be 30.1% of the
total protein. Debitrase was found to be very stable at 37°C (Chapter 2),
therefore, it may be possible to increase the reaction temperature to shorten
the hydrolysis time, or to reduce the amount of enzyme required to finish the
hydrolysis at thc same period of time.

Termamyl, a thermostable o-amylase from Bacillus licheniformis has
been reported to have optimum conditions at 95°C, pH 7.0, 0.8% E/S, and when
the starch concentration in the substrate is higher than 30%, the substrate
shows an inhibitory effect (Yankov et al., 1986). In fact, the o-amylase from
Bacillus licheniformis can be uscd at temperatures up to 115°C for short time
periods and it requircs so low a calcium level that there is no need to add
calcium ion beyond the amount normally present (Aschengreen. 1975).
Figurc 3.3 presents the hydrolysis of strach in the mixture with Termamyl
120L. The rcaction did not continue after 2 h at which time dextrose
cquivalent (DE) was about 20%. The amount of disaccharides (expressed as
maltose) was almest constant at about 1%. A very small amount of glucose,
less than 0.3%, was detected in the hydrolysate. In fact, Termamyl acted
rapidly to cleave gelatinized starch, at o-1,4-links in both amylose and
amylopectin at diffcrent places in the interior of the starch molecules, into
dextrins with average chain lengths of 6 to 10 glucose units. This resulted in
a very pronounced thinning of the viscous starch paste (Barfoed, 1976). If
thc cnzyme uaction was prolonged, Termamyl would produce predominantly
maltosc, maltotriose and maltopentose.  However, the purpose of using o-
amylasc is to liquefy, not to saccharify, the starch paste because there is no
cconomic advantage in the latter. Therefore, the holding time for Termamyl
rcaction should not be longer than 2 h.

After the starch was liquefied to a DE of 20%, the temperature and pH
of the mixture was adjusted to 60°C and 4.5, respectively, before it was
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subjected to fungal glucoamylase, SAN, hydrolysis. This ecxo-cnzyme breaks
down starch by scparating single glucose units from the non-reducing cnds,
both @-1,4- and B-1,6 links, of the molecules. The hydrolysis curve of SAN
200L is presented in Figure 3.4. The rcaction procceded for 7 h before the
conversion of starch to glucose recached its maximum. The level of
disaccharides remained relatively constant after 1.5 h. This was duc mainly
to reversion reactions catalyzed by the glucoamylase itsclf and to the
reversibility or equilibrium of the rcactions by which maltose and
isomaltose were converted to glucose (Barfoed, 1976). SAN has been uscd for
saccharification in the alcohol industry after the starch is gelatinized and
liquefied. The saccharification process may bec carricd out cither at around
30°C simultancously with alcohol fermentation, or at 50-60°C prior to cooling
to fermentation temperature, as pre-saccharification, in a continuous
fermentation system (Novo Industri A/S, 1984).

SP-249 is a hctcrogencous pectinase that acts on pectins and the many
pectin derivatives.  Its activities include csterase which dec-esterifics pectins
to pectic acid by removal of mcthoxyl residues, and depolymerases which acl
on ncclin, pectic acid or oligo-D-galacturonates by transcliminative clcavage
or hydrolysis in random (cndo) or end-wise (exo) fashions (Godfrcy, 1983a;
Fogarty and Kelly, 1983). Figure 3.5 shows that the hydrolytic activity of SP-
249, expressed as galacturonic acid, reached its maximum after about 2.5 h.
The galacturonic acid content in the solution was calculatcd to be about 17%
of pectin in the mixture of the raw materials. Morcover, SP-249 has
cellulolytic and hemicellulolytic activities (Appendix 4.). The action of SP-
249 would be dissolution of the cell wall structure. This would provide casy
access for othcr enzymes to protein and starch.

It was quite clear that the sclecred enzymes performed satisfactorily in
hydrolyzing the main components of the raw materials. Considering  the
complexity of enzymes involved in the koji stcp, it is neccessary to use more
than one enzyme to replace the koji stcp in preparing thc moromi broth. A
multi-step enzymatic hydrolysis is required since ali the sclected cnzymes
have different optimum conditions.

The scquence of the enzymes should logically be in the following
order: SP-249, Termamyl, Alcalase, Dcbitrasc and SAN. Figure 3.6 presents

changes of major chemical components produced during cnzymatic
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hydrolyses of a canola-wheat mixture. In step 1, SP-249 would hydrolyze
pcctic substances and ccll wall materials. As a result, starch and protei: will
be more accessiblc for subscquent hydrolases in step 2 and 3, respectively.
The high optimum temperature  for Termamyl will cause protein to denature,
making the protcin more casily to be hydrolyzed by Alcalasec. As well, it will
decrcase microbial load in raw materials.  Finally, the major final products
after Dcbitrase (stcp 4) and SAN (step S5) hydrolyses were glucosc, small
peptides and amino acids. Debitrase and SAN hydrolyses could be conb. :d
using the optimum conditions for Debitrasc since Debitrase has lower
optimem tcmperaturc than SAN and since SAN is active under a wide range
of pH. Morcover, the application of SAN may imitate the process used in the
alcohol industry in which saccharification is carried out simultaneously
with alcoho! fcrmentation. Enzyme dosages «and holding times, however, can
bc adjusted to optimize the process and minimize the costs.

Table 3.1 presents proximate compositions of the hydrolysates obtained
from multi-sticp enzymatic hydrolysis with the combination of Decbitrase and
SAN in the last stecp. TSS and glucose of the hydrolysate incrcased as the time
of the last step hydrolysis with Dcbitrasc and SAN increased from 6 to 14 h,
whercas TSN and pH decreased. The increase in glucosc from 1.36 to 3.84%
after hydrolysis for 6 and 14 h, rcspectively, was slower than when SAN was
uscd by itself (Figure 3.4) duc to thc fact that the conditions used were
optimum for Dcbitrasc but not SAN. The glucose content decrcased after 24 h.
It was cvident from the decrease :n TSN and glucose, the incrcase in organic
acids, and the dccrcase in pH after 14 h of hydrolysis that there was
microbial growth in the mixed suspension during the last step of hydrolysis.

Microorganisms that produced acids were most likely introduced with
the cnzymes Alcalase, Debitrase and SAN, because during Termamyl
hydrolysis at 95°C vcgetative cells would not survive. Enzyme preparations
arc allowed to havc total viablc count to the maximum of 5x104/g according
to thc spccifications of food grade enzymes recommended by the Joint
FAO/WHQ Expcrt Committce on Food Additives (JECFA) and the Food Chemicals
Codex (FCC) (Rcichelt, 1983). The microorganisms introduced with the
cnzymes could certainly survive and propagate during the last period of

hydrolysis. Among organic acids produced, lactic acid content was the
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highest. This suggested that the main microorganisms naturally occurred
were lactic acid bacteria.

Appeadix 8 shows that Debitrasc is the most ecxpensive cenzyme.
Therefore, it is dcsirable to reduce the amount of the cnzyme while
mainiaining the exient of hydrolysis by exiending the hydrolysis time. Iy
appcared, however, that total time cof hydrolysis should not exceed 14 h in
erder tc limit cxcessive production of lactic acid and other organic acids as
well as to limit the depletion of glucosc and TSN.

It should be noted that the amount of watcr added to the substrates in
this cxperiment had to be cnough to overcome the difficulties in stirring
which occurred while increasing thc tcmperatures of the mixture 1o the
optimum levels, cspecially in the case of Termamyl and Alcalasc.  During
heating, starch and ccll wall matcrials absorbed water 10 such a degree ihat
adequate water had to be provided to ensurc frec movemen: of the
suspension.  In practice, the cnzymes should bc added from the beginning of
the heating process to initiatc cnzyme reactions cven before the optimum
conditions were attained.

As a result of the high water to substrate ratio, the resultant protein
content in the hydrolysate from Alcalasc hydrolysis was less than hall of
that normally presented in the canola and soy sauces (Ma and Ooraikul,
1986). Therefore, it was nccessary to incrcase the protein content by
removal of cxcess water, ¢. g. by using vacuum cvuporation. In any casc, the
hydrolysate should be hcated sufficienily to destroy all the microorganisms
before or during concentration, to stop further production of acids and
depletion of TSN and glucose. As well, concentration of the hydrolysate
would incrcase e amount of glucosc and lactic acid to the lcvels normally
found in fcrmented sauces. This renders further lactic acid fermentation
unnccessary.  Therefore, it is possible to producc 2 sauce from the multi-step
enzyme hydrolysis and a fermentation with wild organisms using only the
ethanol fermentation.

In addition, it should bec mentioncd that these sclected commersial
enzyrmies from microorganisms always possess side activitics (Godfrey,
1983b). These side activities will conceivably cause thc brecakdown of other
components in raw materials, producing the hydrolysatc which resembles

cven more closely that from the koji process. From an cconomic point of
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view, it is desirablc 10 *- as many cnzymcs as possible working iog:ier in

onc processing step, to reduce production time and costs of ope. . ur.

Conclusion

With the many commercially available microbial cnzymes, it is
possible to use a mulii-step cnzymatic hydrolysis in preparation of a
hydrolysate suitable for moromi fermentation. Hydrolytic enzymcs that
brcak down ccll wall materials would be the first in thc sequence to releasc
starch and rroteins from the mixturc of canola meai and wheat fiour. The
major chemical components of the hydrolysates were glucose, di- and
trisaccharides, small pcptides and amino acids. Ethanol fcrmentstion might
be the only step requircd for production of canola sauce from moromi broth
if the length of the multi-step hydrolysis and the protcin, glucose and lactic
acid concentration of the hydrolysate were properly controlled. This will
shorten the production time and possibly reduce the expenses in cultivating
and maintaining the microorganisms rcquired for koji preparation and

lactic acid fcrmentation.
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cellulose, hemicellulose, gum,
starch(1), protein(2)

Termamyl 120L Alcalase 2.4L
Hydrolysis Hydrolysis
E = 0.3% starch (n (2) E = 1.0% protein
pH 7.0, 95°C pH 8.0, 60°C
Limited dextrin, Small polypeptides

maltotriose, maltose

SAN 200L Debitrase 4000.20
Hydrolysis Hydrolysis
E = 0.3% starch E = 1.0% protcin
pH 4.5, 60°C pH 7.0, 37°C
Glucose Small peptides, amino acids
Figure 3.6 Major chcmical compounds produced during enzymatic
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Table 3.1 Proximate compositions of hydrolysates obtained from multi-step
enzymatic hydrolysis.

Time of the last step hydrolysis with Dcbitrase and SAN

6 h 14 h 24 h
TSS! 12.4 12.7 12.7
TSN! 0.656 0.643 0.633
Glucosc! 1.36 3.84 2.34
pH 7.1 5.5 4.9
Organic acids!
acetic ND2 ND 0.054
cis-acotinic trace3 trace trace
citric 0.019 0.060 0.028
formic ND 0.062 0.095
fumaric trace 0.002 trace
ketoglutaric trace 0.007 tracce
lactic 0.022 0.232 0.653
malic 0.059 0.085 trace
propionic 0.018 0.053 0.174
pyruvic ND 0.011 0.013
succinic 0.029 0.215 0.041

Las %(w/v)
2 not detected
3 less than 0.0005 %
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CHAPTER 4
DRY PRESERVATION OF Saccharomyces rouxii IN ALGINATE-SiO,

BEADS

Introduction

Immobilized living cells have been successfully wused in
semicommercial production of ethanol (Nakashima et al., 1987). Cecll
immobilization by ecntrapment in polymeric matrices using calcium alginate
as supporting matcrial is most commonly studied in cthanol production
(Godia et al., 1987). The physical strength of calcium alginate gel very much
depends on the composition, scquential structure, gel concentration and
gelation  method. Beads with the highest mechanical strength, lowest
shrinkage, best stability toward monovalent cations, and highest porosity arc
made from alginatc with an L-guluronic acid content higher than 70% and
G-block avcrage length higher than 15 (Martinsen et al., 1989). Increcases in
gel  concentration incrcases gel strength, reduce cell loss, and decrcase
fermentation vclocity (Johansen and Flink, 1986a). In addition, intcrnal
gclation  provides higher fermentation velocity and higher gel strength
than external gelaiion docs (Johansen and Flink, 1986b).

In cither batch or continuous f{crmentation systems where the
immobilized cells, which are normally in bcad form, arc subjected to
repcatcd use in a fermentation column the beads must be able to withstand
the mecchanical forces involved in the recycling process while maintaining
their stability in the chemical cnvironment of the substrates.  Gel strength,
density, internal surface adhesion and the activity of immobilized cells can
be improved by incorporating micro-sized silica or sand particles within
alginate beads (Fang et al.,1983; Chotani and Constantinides, 1984; Fukushima
et al., 1988). As well, stability of the gel in electrolyic solutions can be
incrcascd when  AlICI3, SrClp or BaClp is used as a hardening solution
(Fukushima and Hatakeyama, 1983; Tanaka and Iric, 1988).

Alginate bcads can be uscd cither fresh «: dried. New techniques

have been recently emerging. For instance, drying of the beads containing



68

magnetite particles to improve their strength has been applied in making a
support for ecnzyme immobilization and chromatographic scparations of
lysed cell parts and cnzymes (Burns er al, 1985). Partial drying of alginate
beads at room tempcraturc to incrcase the mechanical stability of the beads
and reduce bcad size has also been carricd out in the production of cthanol
(Linko er al., 1983; Linko and Linko, 1984). As well, the use of immobilization
followed by drying of alginatc beads containing Aspergillus niger spores to
obtain smaller beads and bctter storage has been reported to improve the
productivity of citric acid several fold (Hamamci and Hang, 1989).

In nature, microorganisms can often be subjected to drying up and
can stay anabiosis. Even though their viability is affested by various
cnvironmental factors, thcy can be revitalized after rehydration, From an
industrial perspective, if the alginatec becads can be dried and stored for
futurc usc without cxcessive loss of microbial activity over a long period of
time, it will make the immobilized cell fermentation morc attractive 1o the
industry.  This chapter investigates immobilized Saccharomyces rouxii  dried

in this manner.

Materials and methods

Saccharomyces rouxii  ATCC 13356 was obuained rom Amecrican Type
Culture Collection, Maryland.  Sodiuin alginate from BDH and silica (0.012 um
particle size) from Sigma (Sigma Chemical Co) were uscd. All other
chemicals were rcagent grade.

Sodium alginate 3% (w/w), CaCly (1.5% Ca2+, w/v) and SrCly (1.5% Sr2+,
w/v) solutions were preparcd and autoclaved for 15 mun at 121°C. Silica was
hot-air sterilized at 160°C for 1 h.

Saccharomyces rouxii was acrobically cultured in 300 mL flasks
containing 200 mL Y-M broth for 48 h at 30°C in a controlled cnvironment
incubator shaker (New Brunswick Scientific Co., Inc., NJ).shaking at 150
rpm, then cclls were harvested by centrifugation at 9,000 g.

About 6 g wect weight of harvested ycast cells was mixed with prepared
alginate, or alginate and silica, and water to obtain total gel of 10 g which

contained 2% alginatc or 2% alginate and 2% silica. Beads were formed by
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dropping the mixed gel using a syringe into cither CaCly or SrCly  sclution
and leaving it to harden for 12 h.

The hardening solutions in the beads were <emoved twice by soaking
in sterilized distilled water (beads:water = 1:5) wii. gently stirring for 2 h
before the beads were air dried in a sterilized hood at room temperaturc for
24 h and stored at room tcmperature or 4°C.  The moisturec contents ¢} the
dricd Ca-, Cua-SiOy-, Sr-, und Sr-SiOj-alginatc bcads werc 15.4%, 16.07, ;" %,
and 10.0%, respectively.

Five fresh beads of immobilized yeast in TCa- or Sr-alginate and in Ca-
Si04- or Sr-SiOj-ulginatc were homogenized in 5 mi of 0.1% peptone solution
using a Polytron with a s¢mall probe at speed level * for 1 min before scrial
dilutions were made.  Dried beads were rehydrated in 0.1% peptone solution
containing 2% NaCl for 6 h beforc homogenization and «crial dilutions. A 0.1
ml  aliquot of suitable dilutions was used for viable ¢l cnumeration by
surface plating on PDA before incubation at 30°C for 3 d.

Immobilized ycast i dried Sr-clginatc bcads containing silica, stored
at 23°C for 4 mo w.s rehydrated in 0.1% peptone solution containing 1% NaCl
for 6 n. The rchydrued beads were then transferred to YM broth containing
0.1% SrCla to revitalize the yeast. The ycast was revitalized at 30°C in an
incubator with 150 rpm shaking for 72 h befrre being studied for cthanol
fermentation.

Revitalization of the yeast in dricd Sr-SiOq-alginate beads stored at 4°C
for onc ycar was also carricd out in a similar manncr. The cell viability
during 72 h evitalization was cnvmerated cvery 12 h, The mecthod of
enumceration was the samic as that for the fresh beads.

Immobilized ycast in fresh and rchydrated Sr-SiOj-alginate beads with
cell counts of 11x100 and 16x103/bead, respectively, was used for cthanol
fermentation of nutrient broth. The volume ratio of beads to broth was 1:2.
Nutrient broth contained 11.0% glucose, 0.15% ycast cxtract, 0.307%
(NH 3804, 0.55% K3HPOy4, 0.014% MgS04.H50, 0.1% NaCl, 0.15% CaCl, and 0.3%
citric acid.  An cxternal loop glass fermenier (300 mL capacity) was used.
Nitrogen was  circulated with a pump through the fermenter to create
anacrobic conditions. The broth was sampled at regular imervals (o c¢valuate
cthanol  production and glucosc depletion. Glucose and cthanol werc

identificd and quantified using high pressure liquid chromatography (HPLC)
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on "« . carbohydratc column (Phenomenex lInc., Torrance, CAY at room
temperatn , using 0.0IN H;S8O04 as the mobile phase at a flow rate of 0.6
mL/min with a Shimadzu RID-6A refractive index Jetector, (Shimadzu Corp.,
¥voto, Japan).  Samples, diluted 10 times, were filtered through 0.45 pm
w o pore membrane  (Millipore  Corp., Bedford, MA) and passed through a
Bakerbond spe disposable extraction column (J. T. Baker Inc., FPhillipsbury.
NJI).  An injectuon volume of 20 pl. was used in both cleansed samples and a
standard sugar solution containing glucese and cthanol.  The concentration
of “ach component was calculated fror: tiie pesk arca obtained from  a
Shimadzu C-R3A Chromatopac integrator (Shimadza Corp., Kyoto, Japan).  The

theorctical cthanol conversion valie of 0.51 was derived from the reaction:

CeH 120y ——> 2 CoHsOH + 2 7'0»

The structures of aiginate beads were cxamined under a cryo-stage
scanning clectron microscope (SEifT).  The beads were atinched o a copper
stub with Tissc-Tck® OTC Compeund before they were frenzen in o liquid
nitrogen slesh and fractured in « EMITECH K 1250 Cryo-preparation  unil.
The fracturcd samples were then transfered to the cold stage and examined
in a Cambridge 5250 cletron scanning microscope (Cambridge  Scientific

Instrument Lid., England) at -175°C.

Results and  discussion

Figure 4.1 shows cell viability of S. rouxii after air dryin: al room
temperaturc  and storage at 4°C, After drying, Ca- aad Sr-alginaie beads
containing silica rctained about 19% and 32% of viable cells, respectively,
whercas the beads without silica retained less than 2% ol viable coils..
Therefore, drying the beads at room temperature o iroyed an average of
about 75% or 0.6 log cycle of the ycast population in the beads containing
silica comparing to 98% or 1.1 log cycle in the beads without silica.  This
clcarly showed that the proesonce »f silica in the beads had improved survival

ratc of the yeast during .he drying process.
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During storage at 4°C (Figure 4.1), the Ca-SiOy- and 5r-SiOj-alginate
beads lost about 2.0 and 1.9 log cycles of their population, respectively, after
120 d, while the Cu- and Sr-alginate bcads lost about 3.8 and 3.7 log cycles,
respectively., At 23°C (Figure 423 the ycast population of the Ca- and Sr-
alginate beads ~ontaining silica was rcduced by about 1.9 and 1.4 log cycles,
respectively, after only 30§ of sorage while the loss of ihat in the Ca- and
Sr-beads without silicn was 3.% nd v loy cycles, respectively.  Therefore,
the storage tewperature had a great impact on the cell viability. It was clear
thai low temperature siowed down the loss of ccll viabilit;: during storage.
Moreover, the immobilized veasts prepared in the strontium  solution scemed
to have lower population loss than that in the calcium solution, regardless of
whether silica was presenc or not,

Afier drying, the Sr-alginatc bcads containing silica showed a similar
spherical shape 1o their original (Figure 4.3), whereas the beads  without
sitica had a flai shape.  Thercfore, the addition of silica to the gel certzinly
improved the streagth of the bead structure which in turn protrvied  the
cells from cxcessive damage upon dryine.  In fact, Alginatc bcads with 20%
colloidal silica have been reportew @ incrcase both intensity and hardness of
the pes 1.6-2,5 wumes over those of the beads made from alginate alonc
(Fuk:  .oaa et al.,, 1988).

Figurc 4.4 shows the structures of fresh immobilized bcad (A) and
revitalized bead (B) under a Cryo-stage SEM.  Yecast cells were cntrapped in
the gel matrix that was very finc. There were small lumps of silica
indicating that distribution of silica was not uniform. The structure of the
gel alter drying and revitalization showed that the matrix was deformed.
There was also high cell density at the surface of the bead.

Tanaka and Iric (1988) have shown that Sr-alginate gel beuads arc more
chemically and physically stable in clectrolyte solutions than conveniional
Ca-aiginate  gel  beads. Howecver, the superior strength of the beads
contributed by strontium over calcium in providing protection to the cells
during drying and storage was not clear.  Although the bcads were prepared
in the samc manner, it would be conceivable that other factors most likely
play a greater role in controlling ccll damage to the ycasts during drying
and retaining ccll viability during the storage. The main factor would be

moisture content in the beads, as well as in the cclls, because of differences
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This in twrn affeccted the statc of intraccllular membranes and the main cell
organclles (Beker and Rapoport, 1987).

Drying of ycasts with direct cell contact with silica gel as a desiccant is
actually onc of the successful mcthods of maintenance of the cultures in o
number of laboratorics. However, the survival of strains varics considerably
with regard to stability and substantial changes occurred in  the
fermentation behavior of industrial strains (Kirsop, 1987). In additicn, only
a limited range of mutations resulting from drying has been reported with
some¢ cvidence that vitamin K3 (mcnadione) may cnhance the rate of
mutagencesis by cnhancing the toxic cffcc. of oxygen on ycasts (Specer an
Spencer, 1988).

Ethanol fermentation characieristics of immobilized S. rouxii in Sr-
Si0 y-alginatc beads, both ‘resh and rchydrated, is shown in kigures 4.5 and
4.6. Yecasts immobilized in fresh beads attained maximum cthano!
fcrmcntation in 18 h with a yicld of 47.9% providing the conversion
cfficiecncy of 93.6% of the theoretical value while that in rchydrated beads
produced 92% of the same cthanol level i= 36 h. The fermentaion behaviors
of the ycasts in both fresh and rchydrated becads scemed to be normal.  The
slower rate of cthanol fcrmentation of immobilized ycasts in rechydrited
bcads was most likcly due mainly to the lower viable ccll count in the
rchydrated beads (11x106/fresh bead vs 16x105/rchydrated bead).

The number of cclls in rchydrated beads could be increased by
revitalizing the becads in a suitable growth medium under acrobic conditions
long enocugh to allow the cells to rccover and multiply. Figure 4.7 shows that,
after one ycar of storage at 4°C, cell population incrcased from 27x102 10
29x106 during 72 h of revitalization in YM bruth at 30°C. After 60 h, the
growth of the ycast approached a stationary phase duc to the depletion ¢f
nutrients in the broth.

It should bc noted that without NaCl in the peptone solution during
rchydration the beads would =t return to their original shape.  Therefore,
during revitalization it was nccessary to add SrCly to the broth to restore the
integrity of the gel structurc that was weakened by NaCl during rchydration.
It has been reported that the ratio of monovalent clectrolytes (molar sum of
Nat, K* NHg*, ctc. ) to Ca2+ is not allowed to be more than 20:1 in order to

maintain the integrity of the alginate beads in clectrolyte solutions (Vorlop
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and Klcin, 1983). This ratio would be wecll applied to the ratio of
monoclectrolytes to Sr2t,

The resistance of ycasts to drying can be improved by increasing
tcmperaturc  and diminishing acration at the final stage of yeast cultivation,
i-. starvation 2-3 h prior to the end of growth to increase accumulation of
trchalose in the cells, by adding wetting agents such as esters of sorbitol.
glyccrol, propylenc glycol or faity acid ranging from 0.5 to 5% of ycast dry
wcight, by adding antioxidants such as thiourea, sorbitanc cther, by vacuum
drying or fluidized bed drying as alternative methods of dehydration, and by

storing in vacuum or nitrogen gas (Bcker and Rapoport, 1987).

Conclusion

Air drying of immobilized §. rouxii in Sr-SiOj-alginatc becads - ns
to be a promising mcthod for the preservation of the immobilized microbial
ccells,  With somc modification of the yecast cuiliivation, the beads preparation
and the drying tcchnique, the dry beads may be stored for a long period of

time without cxcessive loss of cell viability.
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Photographs of Sr-Si-alginate beads
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CHAPTER 5
FERMENTATION WITH IMMOBILIZED LIVING CULTURES FOR
PRODUCTION OF CANOLA SAUCE

Introduction

An acceptable canola sauce, a condimcui similar to S0y sauce, can be
produced using cither traditional onc-ycar fermentation or a less favorable,
semi-chemical process with HCl hydrolysis of canola meal prior to the usual
microbial fermecntation for four weeks (Qoraikul er al., 1980). The
fermentation of canola sauce involves a two-stage process  similar (o soy
sauce fermentation. In the first stage, solid state fermentation or "kaji step”
takes placc by Aspergillus oryzae  andfor A. soyae which are two common
molds used in soy sauce indusiry to produce, during their  sporulation,
cxtracellular enzymes such as protease, sucrase, amylasc, ccllulase, lipase,
and phosphatasc (Yong and Wood, 1977 a, b; Goel and Wood, 1978; Kuninaka et
al., 1980).

In the sccond stage, brinc solution is added to the koji to provide
moromi mash for moromi fermentation. The fermentation process  is
initiated by lactic acid bacteria which, as a result, drop the pH of the mash 1o
5 or lower. Therefore, ycast fermentation could be initiated to complete the
process (Yong and Wood, 1976; Yong and Wood 1977b). Production of lactic
acid, ecthyl alcohol, and alkyl phenol and aromatic alcohols has been
primarily contributed, respectively, by Pediococcus halophilus,
Saccharomyces rouxii, and Torulopsis versatilis (Yokotsuka, 1981, 1985;
Fukushima, 1985). Instcad of traditional fermentation which relies on
natural inocula, thesc predominant cultures have been used in S0y sauce
production in the form of purc inocula so that the quality of the product can
be uniformly controlled and the fermentation time can be  shortened
(Fukushima, 1985).

For large scale production, maintaining supplics of these microbial
cultures would necessitate substantial laboratory facilitics and cxpenses  for
storage and cultivation of the cultures. As well, it is cconomically desirable
if a shorter fermentation process could be used to produce an aceeptable

finished product compared to the product obtained from traditional process.
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To shorten  the production time required in conventional
fermentation, Ma and Ooraikul (1986) uscd alkalinc protcase (Alcalasc 0.6L)
to hydrolyzc canola mecal prior to koji fcrmentation to produce an acceptable
canola sauce in five wecks.  Production of desirable aromatic compounds was
also accelerated by the inoculation of P. halophilus , S. rouxii and T. versatilis
cultures, grown in mecdia with 18% NaCl, to moromi broth prcpared with the
aid of Alcalase 0.6L (Coleman and Ooraikul, 1989).

Reccently, Osaki et al. (1985) have shown that immobilized cells in a
continuous fermentation column may be effectively used to replace the
conventional  batch moromi fermentation and reduce fermentation time.
This process may be used together with the new mecthod of moromi broth
preparation in which the koji making step is replaced with cnzymes.
Chapter 3 has shown that multi-step cnzymatic hydrolysis of canola-wheat
mixturc by commercial protecase, aminopeptidasc, a-amylase,
amyloglucosidase, and pectinasc may be used to replace koji step in
providing, within 24 h, moromi broth suitable for lactic acid and ecthanol
fermentation, The combination of these two processes, therefore, would
shorten the production time and lower the cost of industrial scale canola
sauce  production.

This chapter describes a procedurec for the production of canola sauce
using immobilized cells of P. halophilus, S. rouxii, and T. versatilis in Sr-S8i05-
alginatc beads for lactic acid and cthanol fermentation of the moromi broth

prepared with multi-step enzymatic  hydrolysis.

Materials and Method

Canola meal and whecat were obtained from Alberta Food Products Ltd.,
Fort Saskaichewan, AB and Alberta Wheat Pool, respectively. Saccharomyces
rouxii ATCC 13356, Torulopsis versatilis ATCC 20191 and Pediococcus
halophilus ATCC 21786 were obtained from American Type Culture Collection,
Maryland.  Alcalase 2.4L, Termamyl 120L, San 200L were from Novo Industri
A/S, Dagsvacrd, Denmark supplicd by Van Waters & Rogers Lid., Lachine,
Qucbce. Dcbitrase was from Imperial Biotecchnology Ltd., London. BDH
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Sodium alginate and Sigma silica (0.012 um particle size) were used in the
preparation of ccll immobilization.  All other chemicals were reagent  grade.

S. rouxii and T. versatilis were acrobically cultured in Yeast-Mold (Y-
M) broth for 48 h at 28°C and P. halophilus was anacrobically cultured in
SAM broth for 7 days at 23°C. The media were from Difco Laboratorics
(Detroit, MN).  Sodium acctatc medium (SAM) was prepared as described in
the ATCC catalog (ATCC, Rockville, MD). Cells  were  harvested by
centrifugation at 12,000 g for 20 min beforc immobilization.

Sodium alginatc 3% (w/w) and SrCly  2.7%(w/v) solutions were
prepared and autoclaved for 20 min at 121°C. Silica (0.012 pm of particle size)
was hot-air sterilized at 160°C for 1 h. Harvested Cells of P, halophilus, § .
rouxii and T. versatilis werc mixed with alginate gel and silica. The mixture
containing 2% alginatc and 2% silica was dropped through a syringe into
SrClj solution to form beads and left to harden for 12 h. Cell counts of P.
halophilus, S. rouxii and T. versatilis in thc beads were 47x106, 95x105 and
23x106/bcad, respectively.

Moromi broth was prepared from canola mecal-wheat mixture (3:2) of
55 g dry wecight using multi-cnzyme hydrolysis. The mixture was hydrolyzed
in 330 mL water (raw material to water ratio = 1:6) in a double-sleceved,
Jacketed glass rcactor with a magnetic bar, in the following scquence: by 50
ML Pecctinase SP249 (cnzymc/insoluble dictary fiber = 0.01) at 55°C and pHl 4.5
for 2 h; by 50 uL Termamy! 120L (enzyme/starch = 0.003) at 95°C and pH 7 for
2 h; by 158 uL Alcalase 2.4L (cnzyme/protcin = 0.01) at 60°C and pH 8 for 2.5 h;
and cither by 150 mg Dcbitrase 4500.20 (cnzyme/protcin = 0.01) at 37°C and
pH 7 for 6 h followed by 50 uL SAN 200L (cnzyme/starch = 0.003) for 6 h at
60°C and pH 4.5; or by 50 pL. SAN 200L (cnzyme/starch = 0.003) together with
75 mg Debitrasc 4500.20 (cnzymc/protcin = 0.005) at 37°C and pH 7 for 14 h.
The hydrolysatc was scparated by centrifugation at 9,000 g for 20 min belore
further fermentation.

The hydrolysate obtained from Dcbitrasc hydrolysis followed by SAN
hydrolysis was boiled at pH 7.5-8.0 for 1 h before vacuum concentration at
50°C in a Rotovap (Janke & Kunkel GmbH u. Co KG, IKA-Werk, Staufen) 1o
obtain about 40% total soluble solids (EH1). The concentrated hydrolysate was
subjected to lactic acid fermentation by immobilized P. halophilus. The

fermentation was carried out, using immobilized beads:broth ratio(v/v) of
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1.5:3.5, in a glass jar fermenter (600 mL capacity) with a stirrer under
anacrobic condition at room tcmperature (23°C). The substrate was then
drained, after the broth rcached pH 5, from the beads. Either the
immobilized S. rouxii or immobilized T. versatilis was introduced for cthanol
fermentation at room temperature (23°C) using beads:broth ratio(v/v) of 1:2
in an external loop glass fermenter (300 mL capacity) circulated with
nitrogen gas. The broth was sampled at regular intervals and lactic acid and
cthanol production were monitorcd during the fermentation period.  After a
desired level of cthanol was recached, the fermentation was terminated by
rcmoval of the becads. The raw saucc was hecated to 80°C and held for 20 min.
Salt (12% w/v} was added to the raw sauce at this point. The heated sauce was
cooled to room tcmperaturc and then was centrifuged at 9,000g for 20 min
before filtering through a2 Whatman glass microfibre filter to obtain a clear
and refined sauce (CS1 for S. rouxii , CS2 for T. versatilis).

The hydrolysate obtained from using SAN and Dcbitrasc combination
as the last step of 14 h hydrolysis was hecated until temperature reached 75°C
to rcduce the number of microorganisms grown during the cnzymatic
hydrolysis, then concentrated in a vacuum cvaporator at 50°C to obtain about
40% total soluble solids (EH2). The hydrolysate was diluted to 35% total
soluble solids with sierilized distilled water beforc cthanol fermentation by
immobilized cither S. rouxii or T. versatilis 1o produce canola sauces CS3 and
CS4, respectively, using the procedures described above.

The process flow chart for canola sauce production is shown in Figurc
S.1.

The structures of alginate beads with immobilized P halophilus and
immobilized S. rouxii that were kept at 4°C for 30 days in sterilized water
were cxamined under a cryo-stage scanning clectron microscope (SEM). The
beads were attached to a copper stub with Tisse-Tck® OTC Compound before
they were fronzen in liquid nitrogen slush and fractured in a EMITECH K
1250 Cryo-preparation unit.  The fractured samples were then transfered to
the cold stage and examined in a Cambridge 5250 cletron scanning
microscopc (Cambridge Scicntific Instrument Ltd., England) at -175°C.

Total soluble nitrogen (TSN), amino nitrogen (AN) and pH of the
samples were deicrmined using procedures described by the A.0.A.C. (1980).
Total soluble solids (TSS) of‘ thc sauces were determined with an Abbe bench-
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top refractometer.  Total titratable acidity was determined according 1o Onaga
et al. (1957).

A high pressurc liquid chromatography (HPLQ) cquipped with a Rerex
ROA-Organic acid column (Phcnomenex Inc., Torrance, CA), a Bio-Rad UV
detector (at 210 nm) and a Shimadzu RID-6A refractive index  detector,
(Shimadzu Corp., Kyoto, Japan) was uscd to identify and  quantify organic
acids and glucosec, and cthanol, respectively.  The system was  operated  at
column temperature of 60°C using 0.02N H3804 as the mobile phase at a flow
ratc of 0.6 ml/min for organic acids, and at room temperature and 0.0IN
H,SO4 for glucose and cthanol. The 10 to 15 fold diluted samples were filicred
using 0.45 pm millipore mecmbranc and then passcd through strong cation
exchange cartridge and C-18 scpak before injection. Injection volume of 20
ML was wused for both cleansed samples and standard  solutions.
Concentrations of glucose, cthanol, and organic acids were calculated from
the peak arca obtained from a Shimadzu C-R3A Chromatopac  integrator
(Shimadzu Corp., Kyoto, Japan).

Glycerol and cthanol in the refined sauces were determined using the
UV-mcthod from Mecthods of Enzymatic Food Analysis  (Bochringer
Mannheim, 1987). The principles for the assays arc summarized in Appendix
7.

Amino acid profiles of the samples were delerminced using a HPLC
mcthod (Jones and Gilligan, 1983). The samples were hydrolyzed in 6N (I
for 24 h before o-phthaldialdehyde derivatization was carricd out. Samples
were mixed with a fluoraldchyde reagent prior to injection to a HPLC unit.
Separation and quantification of amino acids were accomplished with the usc
of a Varian 5000 HPLC unit cquipped with a  Valco 20 pl. loop autoinjector, a
Supclcosil 3 micron LC-18 reversc phase column, and a Varian Fluorichrom
detector sctting at 340 nm for cxcitation and 450 nm for cmission. Sodium
acctate 0.1 M buffer containing methanol and tetrahydrofuran and  methanol
were used as the gradient mobile phase. Chromatographic pceaks were
intcgrated using a Hewlett Packard 2645 data system with a Hewlett Packard
18652A A/D convertor (Hewlett Packard Canada Lid., Mississauga).

Sodium chloride in the samples was delermined using a Fisher
Accumet Sclective Ion Analyzer Model 750 (Fisher Scientific Co., Pittsburgh,

PN) attached to an Orion Sodium lon secnsing clectrode and a single junction
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reference clectrode (Orion Rescarch Inc., Cambridge, MA).  Thc ion analyzer
was sct on the concentration mode and was calibrated with 0.4 and 0.1%
sodium chloride standard solutions adjusted with an ionic strength adjustor
solution,

Water activity of the samples was dcicrmined using a Rotronic
Hygroskop DT (Kaymont Instrument Corp., Huntington Sta., New York)

Specific gravity of the samples was measured using a 10 mL

pycnomecter,
Color f the samples was mcasured with a Hunterlab model D25M/L-2

colorimeter (Hunter Associates Laboratory, Inc., Fairfax, VA). The color
obtained was cxpressed in Hunter L, a and b valucs.

Scnsory cvaluation of all canola sauces with respect to aroma, flavor
and overall acceptability using a hedonic scaling mecthod ( Stone et al, 1974)
were performed by 35 panclists who use soy sauce. The questionnaire uscd
for scoring is presented in Appendix 9.  The samples were scrved with
stcamed rice under red light. Analysis of variance and Duncan's New
Multiple Range Test were performed on the data obtained with the aid of APL
programs on the MTS computing sysem at the University of Alberta.

Kikkoman soy saucc produced in the U.S.A. was bought from the local

market and was used as the reference sample.

Results and discussion

The structures of Sr-Si-alginate beads with immobilized Pediococcus
halophilus and with Saccharomyces rouxii arc shown in Figure 5.2, (A) and
(B), respectively.  The gel sockets in an immobilized P. halophilus becad were
larger than that in an immobilized S. rouxii. This indicated that mectabolites
of P. halophilus were detrimental to the gel structure. The metabolites were
produced during propagation and could carried over until they were rcleased
from the cells during storage. This ncgative cffect did not appear to occur in
immobilized S. rouxii. Therefore, it suggested that the strength of the Sr-Si-
alginate bead may be insufficient for P. halophilus and therefore other
support matcrials which arc more resistant to the mctabolites of P.

halophilus should bc uscd.
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Figure 5.3 shows lactic acid fermentation of moromi broth (EH1)
prepared with muiti-step cnzymatic hydrolysis by immobilized P. halophilus.
The pH of the broth dropped from 7.0 1o 5.0 in 48 h, with 0.5% lactic acid
produced.  Therefore, lactic acid fermentation could be terminated at  this
point.  Thc subscquent cthanol fermentation by imiobilized S. rouvii and T .
versatilis is shown in Figurc 5.4 and Figure 5.5, respectively.

After 12 h of fermentation, 1.8% ecthanol was produced by 8. rownii
(Figurc 5.4) whercas that amount was produced by T. versatilis after abour 18
h (Figurc 5.5). The cthanol production ratc of T. versatilis was markedly
slower than that of S. rouaii, although the number of T. versatilis cells
immobilized in the beads was about 0.4 log cycle higher than that of §. rowvii.
This slow ratc would cxplain, in part, why Torulopsis species  have  been
found in thc older mash and in the late stage of soy sauce fermentation (Ho e
al., 1984). The level of cthano! concentration of 2% is considered adequate in
a sauce. The cthanol fermentation could, therefore, be terminated after at
lcast 12 h or 18 h, depending on the culture used. Therefore, the production
of lactic acid and cthanol was achicved in scquence to the desired level in 60
to 68 h. As a result, moromi fermentation of canola sauce was considerably
shortened, bringing the total processing time down to about 3 days.

The length of time of lactic acid and cthanol fermentation could be
reduced further if the fermentation is carried out at higher temperatures. .
halophilus has been reported to grow at 42°C and 24% (w/v) sall,
corresponding to 0.8 ay, although its optimum conditions arc at 25-30°C and a
pH range between 5.5 and 9.0 (Fukushima, 1985). At high salt content (24-
26% salt or 0.79-0.81 aw), the growth of S. rouxii occurs at pH 4-5 and the
growth temperature can be as high as 40°C duc to physiclogical adaptation
(Onishi, 1963; Yong and Wood, 1976; Onishi and Shiromura, 1984; Fukushima,
1985). In addition, T. versatilis, which is similar to S. rouxii, can grow with or
without salt at ay between 0.97 and 0.84 where the upper limit temperature
for growth rcaches 35°C (Fukushima, 1985).  Although the hydrolysates used
in this study did not have added salt, the watcr activity was well in the range
of that found in halophilic conditions. This may causc the adaptation of these
three microorganisms and allow them to grow at higher temperatures in

similar manner.
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The ratc of cthanol production from the hydrolysate (EH2) without
prior lactic acid fermentaion by immobilized P. halophilus was thc samc as
that from lactic acid fermentation because the pH of the broth was alrcady in
the optimum range for the yecasts to metabolize sugars. The desired pH of this
hydrolysatc was provided by the natwrally occurring lactic acid bacteria
introduced into the mash during multi-step cnzymatic hydrolysis  (Chapter
3). This procedure reduced the fermentation time of canola sauce cven
further with the climination of lactic acid fermentation step.  As a result, the
cost of production would be rcduced since there is no nced to grow and
immobilize P.  halophilus. This would reducc the use of growing media,
which accounted for as high as 45% of the total material cost calculated from
material balance, by 70% (Appendix 8). With this reduction, the total cost of
matcrials was cstimated to be $1.16/1.4 L of sauce produced. The average
maderial batance in canola sauce production is presented in Figure 5.6.

Figurc 5.7 presents major chemical compounds produced at various
stages  of canola saucc production.  Total soluble nitrogen of the refined
canola sauces was in the range of 1.3 - 1.8% (Table 5.1). CS1 and CS2 were low
in TSN us compared o other samples. This was duc mainly to the fact that the
samples were subjected to both lactic acid and ecthanol fermentation by
immobilized cultures in which many of the components of the broth,
including nitrogenous compounds, were utilized by the microorganisms.
This was quitc clearly demonstrated in CS3 and CS4 which had higher TSN,
comparable to that in Kikkoman sauce. Obviously TSS in the starting broth
wias not adequatc and should be increased. However, the major difference
was in the free amino nitrogen content.  The frec amino nitrogen of all
canola sauces and hydrolysates was only 1/3 to 1/2 that of the Kikkoman
sauce sample (Table 5.1) resulting in lower AN/TSN ratio. This indicated the
low degree of amino acid hydrolysis in the multi-step enzymatic hydrolysis
of canolu mcal-wheat mixture.

The usc of Dcbitrasc, which is a mixture of aminopcptidases from both
Streptococcus lactis and Aspergillus oryzae, did not appcar adequate to break
polypeptides to provide more frce amino acids in the hydrolysate. This may
be because the substrate specificitics of Debitrase were different from thosc
of proteases produced by the koji molds. The substrate specificitics in the

various species, and cven strains of the samc species, of bacteria and fungi
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have been shown 1o be radically different (Watson, 1976). In the koji
mzting step of soy sauce production, there are at least  four readily
identifiable acid carboxylases and at lcast three leucine aminopeptidases
produced by the koji molds (Yokotsuka, 1986a).  Thercfore, their synergistic
actions compliment cach other, resulting in more free amino acid in the
final product.

The amino acid profile of the samples are presented in Table 5.2, Their
overall profiles were similar and corresponded well with the amounts of TSN,
The profile of amino acids supported the results of free amino nitrogen  in
that there are more small peptides in the soluble proteins of canola sauces,
Otherwise, with similar total detected amino acid (Table 5.2). free amino
nitrogen should be similarly comparable.

Titratable acidity, pH and organic acids of the sauces are presented in
Table 5.3. The pH of all samples was 5 or lower. Canola sauces produced with
immobilized P. halophilus (CS1 and CS2) had pH of 4.5-4.7 which was similar
to Kikkoman sauce, whercas the samples without the immobilized P
halophilus  fermentation (CS3 and CS4) had pH around 5. Not surprisingly,
the samples with low pH had higher titratable acidity.  The CS3 and (S4
samples had high acctic acid content which indicated that  acetic acid
bacteria were active during the multi-step cnzymatic  hydrolysis.

It was surprising that Kikkoman sauce had the unusually high malic
acid but low salt contents. The amount of lactic acid and malic acid in
Kikkoman sauce found by Colecman (1987) was 335.6 and 26 mg/100  ml.,
respectively.  This suggested that the manuflacturing process for the sauce
has bcen changed from the traditional onc. The amount of lactic acid
remained the same, but  the amount of malic acid was almost 70 fold higher
in the present study.  This indicated that malic acid in Kikkoman SOy sauce
was probably adjusted to provide antimicrobial effect or that the microbial
culture used in lactic acid fermentation had produced more malic acid.  The
salt content of the Kikkoman sauce sample (Table 5.4) was only 14.3% instcad
of 18% which is a standard level for a good soy suuce produced with a
traditional process (Yokotsuka, 1986b) and for Kikkoman sauce samples
analyzed by Ma and Ooraikul (1987) and Coleman (1987). In addition,
Kikkoman soy sauce, as spccified on the label, contains benzoate (less than

0.1%) as a preservative.  Thercfore, high malic acid content and the addition
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of benzoate would compensate for the reduced preservative cffecct duc to
lower salt content in Kikkoman sauce sample. The reduction in the salt
content of the saucc may be precipitated by the awarcness of the health
clfect of high salt comsumption among the North Amecrican consumers as
low salt soy sauces arc now available on the market (LaBcell, 1988).

Glucosc and cthanol content of canola sauces ranged from 1.6 0 3.6%
and 1.3 10 1.6%, rcspectively (Table 5.4), whereas 2.2% and 1.7%, rcespectively,
were found in Kikkoman soy sauce.  The amounts of glucose and cthanol
were inversely related, depending on the degree of fermentation and the
concentrations in the starting broth.  CS1 and CS2 required longer cthanol
fermentation to  increcase their level of cthanol content and reduce the
amount of glucose. The results suggested that controlling the level of
primary substrates, i.c. carbohydrates and protcins, in sauce fermentation
wis - necessary.

It has been obscrved that the typical soy sauce aroma docs not develop

without cthanol fermentation (Wood, 1982).  The production of cthanol in
high salt media by §. rouxii has bceen obscrved to accompany the
accumulation  of  polyalcohols, especially glycerol (Brown, 1978). These

physiological changes during adaptation of S. rouxii 10 salt stress (medium
containing 18% NaCl) were demonstrated by Onishi and Shiromaru (1984) 10
occur by an increcase in intraccllular glycerol after the lcakage of potassium
from the cell. This adaptation of ycasts to the solutec stress has been
demonstrated by Kenyon et al. (1986) in other media with low water activity
contributed by other compouds than salt, c.g. sorbitol. Thercfore, the
production of glycerol during brinc fermentation of soy sauce is duc to the
adaptation of the ycasts to the high leve! of salt and low water activity.

All canola sauces had a similar glycerol content to that of soy sauce
produced from defatted soybecan meal, but lower than that of the Kikkoman
sauce sample.  Glycerol content of soy sauces produced from defatted soybcan
meal and  whole becans has been reported to be 0.4-0.5% and 1.0-1.29%,
respectively  (Yokotsuka, 1960). This suggested that the Kikkoman sauce
samplc  was produced from whole soybcans or that the cultures used in
moromi  fermentation had  been  genctically improved to produce more

glycerol or that glycerol was adjusted.
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Sodium chloride content in all samples was similar.  However, it should
be noted thai the salt in canola sauces was added during refining  of the
sauces.  This process, therefore, offers a mcans to tailor the finished products
to any desired salt concentration.

Table 5.5 presents physical properties of the sauces. Al spples had
similar water activity and specific gravity.  Water activity of the sauces was
0.74-0.77, which would bec low cnough 1o prevent microorganisms other than
halophilic groups from growing,

The major physical difference was in the color of the products.  (S3
and CS4, which were subjected to a wvery shor period of heat  treament
during concentration, had very light brown color compared with CS1, C§2
and KS (Table 5.5). This clearly showed that heat treatment (boiling) applicd
to CS1 and CS2 during concentration at pH 7.5-8.0 madc the color of these
canola sauccs similar to that of Kikkoman sauce which gradually developed
over the long process of natural fermentation. In soy sauce, about 50% of
the color is produced during fermentation and aging of the mash, while the
other 50% occurs during pastcurization: and most of the coloring pigments
arc considered to0 derive from the heat-dependent Maillard reaction  between
amino compounds and sugars (Yokotsuka, 1986b).  Amadon compounds  {rom
peptides formed by the reaction of this nonenzymatic  browning have been
found to ecxhibit greater browning than those from amino acids on heat
treatment  (Hashiba er al, 1981).  Morcover, browning of Amadori compounds
is promoted by the presence of oxygen and iron (Hashiba, 1978; Hashiba ¢
al., 1981). It was shown carlicr that the hydrolysate  from muti-step
cnzymatic hydrolysis contained more smaller peptides and less  free amino
acid than moromi broth made from koji. ‘Therelore,  concentration  of
hydrolysate by boiling at necutral or slightly alkaiine conditions would offer
a quick mcans to achicve the desirable dark brown color in canola sauce 1hat
is comparable to Kikkoman sauce.

Scnsory cvaluation of canola sauces and Variance analysis of the the
sensory scores arc presented in Table 5.6 and Appendix 10, respectively,
There were no significant differences in  all sensory - scores  among  the
canola sauccs. As well, there¢ were no significamt  differences in aroma
among canola sauccs produced from lactic acid and cthanol fermenmation of

the moromi broth (CS1 and CS2) and the Kikkoman sample.  However, flavor
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and overall acceptability scores of canola sauces were significantly different
from that of thc Kikkoman sample. It should bec noted that the sensory
scrores of canola sauces, though lower than the Kikkoman sample, were in
the middle of the scale. This indicated that canola sauces were not totally
rejected. The oppotunities to improve the quality of the canola sauce,
therefore, still exist. It may be that canoia sauce should not attempt to

compete dircctly with soy sauce but should be marketed as a new sauce

product.

Conclusion

Immobilized Tliving ccll fcrmentation accelerates moromi  stage
fcrmentation in the canola sauce production. This, together with the use of
multi-step cnzymatic hydrolysis, can reduce the total production time to less
than 3 days as wecll as reduce material costs. In addition, hecat applicd at the
alkaline pH during the concentration of the hydrolysate provides a rapid
mcthod to develop browning color in the canola sauce. Although the major
chemical components and physical properties of the canola sauces produced
with the new technique arc similar to that of the Kikkoman sample, the

acceptability scores  are significantlty different.
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Table 5.1 Total soluble nitrogen (TSN), amino nitrogen (AN), nitrogen vield
and AN/TSN ratio of canola and Kikkoman sauces (average ol

triplicate  dcterminations).

Sample* TSN AN AN/TSN
(%ow/v) (ow/v)
CSt 1.34 0.21 0.16
Cs2 1.27 0.20 0.16
CS3 1.46 0.20 0.14
Cs4 1.79 0.25 0.14
KS 1.64 0.60 0.37
EH1 (40%TSS) 1.87 0.30 0.16
EH2 (35%TSS) 1.82 0.27 0.15
*CS1 = canola sauce from EHI with lactic and cthanol fermentation (P .

halophilus, and S. rouxii ).
CS2 = cancla sauce from EHI with lactic and cthanol fermentation r.
halophilus, andT. versatilis ).
CS3
CS4

KS = Kikkoman soy saucc.

canola sauce from EH2 with cthano! fermentation (S. rouxii ).

il

canola sauce from EH2 with cthanol fermentation (T. versatiliy ).

i

EH1 = hydrolysatc obtaincd from the multi-step enzymatic  hydrolysis  with
5 cnzymes in scquence and with boiling concentration at pH 7.5-8.0.
EH2 = hydrolysatc obtained from the multi-step cnzymatic  hydrolysis  with

the combination of sicp 4 and 5 and with vacuum concentration.
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Table 5.2 Amino acid content in canola and Kikkoman sauces (%w/w,

average of duplicate determinations).

Amino acid cs1* Cs2 CS3 CS4 KS
Aspartic  acid 0.35 0.42 0.50 0.47 0.70
Glutamic acid 1.42 1.56 2.06 1.93 1.70
Scrine 0.20 0.22 0.33 0.28 0.37
Histidine 0.11 0.12 0.20 0.19 0.11
Glycine 0.33 0.36 0.52 0.45 0.38
Threconine 0.22 0.25 0.36 0.28 0.26
Arginine 0.18 0.24 0.40 0.36 0.24
Alanine 0.29 0.29 0.38 0.30 0.40
Tyrosine 0.17 0.19 0.26 0.19 0.09
Methionine 0.05 0.06 0.07 0.06 0.05
Valine 0.27 0.29 0.38 0.34 0.39
Phenylalanine 0.24 0.25 0.34 0.30 0.37
Isolcucine 0.21 0.26 0.27 0.26 0.38
Lcucine 0.36 0.40 0.56 0.45 0.62
Lysine 0.22 0.26 0.44 0.36 0.52
Total detectable

amino  acids 4.62 5.17 7.08 6.22 6.59
*CS1 = canola sauce from EH1 with lactic and cthanol fermentation (P.

halophilus, and S. rouxii ).

CS82 = canola sauce from EHI1 with lactic and ethanol fermentation (P.
halophilus, andT. verssatilis ).

CS3 canola saucc from EH2 with cthanol fermentation (S. rouxii ).

CS4 = canola sauce from EH2 with cthanol fermentation (T. versatilis ).

KS = Kikkoman soy sauce.
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Table 5.3 Total acidity (meq NaOH/100 mL saucc), pH and organic acid
(mg/100 mL sauce) content of canola and Kikkoman sauces

(average of triplicate determinations),

csit Cs2 CS3 CS4 KS
Total acidity 21.8 21.6 16.3 18.1 20.2
pH 4.7 4.5 5.0 5.0 4.7
Organic acids
cis-acotinic 1.5 1.5 1.5 1.5 ND?
citric 6.4 64.5 223.0 189.5 294.5
kctoglutaric 2.7 18.0 30.5 17.0 30,4
malic 364.0 339.0 302.5 344.0 1,710.5
pyruvic Trace3 42.8 47.5 52.5 0.1
succinic 50.5 34.4 398.5 597.5 190.0
lactic 514.5 525.5 323.0 638.5 3248
formic 35.5 35.0 128.0 88.5 50.5
fumaric ND ND 3.0 1.5 ND
acctic 65.0 75.0 220.5 161.5 63.5
propionic 258.0 361.5 178.5 162.0 394.5
1'CS1 = canola sauce from EH! with lactic and cthanol fermentation (1.

halophilus, and S. rouxii ).

CS2 = canola sauce from EHI with lactic and cthanol fermentation (|
halophilus, andT. versatilis ).

CS3 = canola sauce from EH2 with cthanol fermentation (S. rouxii ).

CS4

KS = Kikkoman soy saucec.

canola sauce from EH2 with cthanol fermentation (7. versatilis ).

2 not detected
3 less than 0.1 mg/100 mL
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Table 5.4  Glucose (%w/v), cthanol (%w/v), glycerol (%w/v), and salt
(%w/v) contents in canola and Kikkoman sauces (average of

triplicate dctcrminations).

cst1* CS2 CS3 CS4 KS
Glucosc 2.30 3.59 1.88 1.56 2.17
Ethanol 1.42 1.28 1.64 1.49 1.68
Glyccrol 0.25 0.42 0.37 0.66 1.69
NaCl 14.1 14.4 13.0 14.4 14.3
*CS1 = canola sauce from EHI with lactic and cthano! fermentation (P.

halophilus, and S. rouxii ).
CS2 = canola sauce from EH1 with lactic and cthanol fermentation (P.
halophilus, andT. versatilis ).
CS3 canola sauce from EH2 with ethanol fermentation (S. rouxii ).
CS4

KS = Kikkoman soy saucec.

canola saucc from EH2 with cthanol fermentation (T. versatilis ).
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Table 5.5 Water activity (aw), specific gravity (S. G.), total soluble  solids
(TSS) and color mcasurements  of  canola  and  Kikkoman

sauces(average of triplicate determinations).

Cs1! CS2 CS3 CS4 KS
ayw 0.77 0.74 0.77 0.77 0.74
S.G. 1.19 1.18 1.18 1.20 1.19
TSS 38.7 37.5 37.6 42.6 40.4
Color dark dark light light dark
brown brown brown brown brown
L-valuc2 11.7 15.6 36.8 24.0 12.0
a-value3 2.3 13.3 24.7 25.0 6.0
b-valuc4 -1.54 1.4 20.8 10.5 -1.2
1 ¢S1 = canola sauce from EHI1 with lactic and cthanol fermentation (P .
halophilus, and S. rouxii ).
CS2 = canola sauce from EHI with lactic and ecthanol fermentation r.

halophilus, andT. versatilis ).
CS3 = canola sauce from EH2 with cthanol fermentation (S. rowxii ).
CS4 = canola saucc from EH2 with cthanol fermemation (T, versatilis ).
KS = Kikkoman soy saucc.
20 = black; 100 = perfect whitc.
red; 0 = gray; - = green.

W
+ +
oo

ycllow; 0 = gray; - = blue.
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Table 5.6 Scnsory cvaluation of canola sauccsl.

Preference  Score?

Sample Aroma Flavor Overall
KS 36.7 2 407 2 40.6 2
CS| 29.3 ab 31.9b 330 b
Cs2 31.9 ab 275 b 28.6 b
CS3 27.6 b 244 b 255 b
Cs4 243 b 303 b 285 b

' average scores from 35 panalists.

2 using hedonic scaling mcthod with maximum scorc of 60, the samec letter
indicates no significant difference (p = 0.01) by Duncan’'s Multiple Range
Test.

3 KS = Kikkoman SOy sauce.

CS1 = canola sauce from EH1 with lactic and cthanol fcrmentation (P .
haltophilus, and S. rouxii ).

CS2 = canola sauce frcm EH1 with lactic and ecthanol fermentation (P.
halophilus, andT. versatilis ).

CS3 canola sauce from EH2 with cthanol fermentation (S. rouxii ).

CS4

canola saucc from EH2 with cthanol fermentation (T. versatilis ).
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Canola meal-whole
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wheat flour mixture

(canola meal:whecat = 3:2, Dried material:water = 1:6)
A4
Multi-step enzymatic hydrolysis
A B

1. SP 249: pH 4.5, 55°C, 2.5 h

2. Termamyl 120L: pH 7.0, 95°C, 2 h
3. Alcalasc 2.4L: pH 8.0, 60°C, 2.5 h
4. Dcbitrase 4000.20: pH 7.0, 37°C, 6 h
5. SAN 200L: pH4.5, 60°C, 7h

N

Centrifugation

Concentration of

1. SP 249: pH 4.5, 55°C, 2.5 h

2. Termamyl 120L: pH 7.0, 95°C, 2 h

3. Alcalase 2.4L: pH 8.0, 60°C, 2.5 h

4. Debitrase 4000.20 and SAN 200L.:
pH 7.0, 37°C, 14 h

4

or pressing

the hydrolysate

(A. boiling at pH 7.5-8.0: B. vacuum to 35-40% TS)

Vv

Fermentation of

A. (Moromi broth of 40% TS)
1. Lactic acid fermentation

(P. halophilus)
Moromi broth:beads = 3.5:1.5

2. Ethanol fermentation

(S. rouxii or T. versatilis)
Moromi broth:bcads = 2:1

moromi broth

B. (Moromi broth of 35% TS)
Ethanol fermentation

(S. rouxii or T. versatiliy)
Moromi broth:beads = 2:1

N

4

Pasteurization

(75-80°C,

20 min)

addition of salt

N

4

Centrifugation
(12,000xg)

Filtra
(glass

Bottl

microfibre

tion
lilter)

ing

Process flow chart for canola sauce production.
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Figure 5.2 Scanning electron micrographs of a fractured Sr-Si-alginate
bcad with immobilized Pediococcus halophilus (A) and

immobilized Saccharomyces rouxii (B): (a) cells, (b) gel pocket.
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Figure 5.3 Lactic acid production in moromi broth (EH1) by immobilized

Pediococcus halophilus at 23°C.
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Figure S§.4  Ethanol production in moromi broth after fermentation by P.

halophiluy by immobilized Saccharomyces rouxii at 23°C.
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Figure 5.5 Ethanol production in moromi broth afier fermentation by /P.

halophilus by immobilized Torulopsis versatilis at 23°C.
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Carola meal-whole wheat flour mixture
(100 g + 600 g Water)

Multi-step enzymatic hydrolysis

Adjusted with Y 20 g
alkaline and acid

Mash
(720 g of mixed suspcnsion)

\\ %
Centrifugation ———— Residue (230 g)

\\ 4
Hydrolysate
(490 g 12.7% TS, 3.8% glucose, 4.0% protcin, 0.8% organic acids)

W
Concentration ———— Water (315 g)
(175 g: 35% TS, 10.5% glucose, 11.0% protein, 2.2% organic acids)
v
Ethanol fermentation — --— Water vapor
and volatiles (5 g)
A\

Raw canola sauce
(170 g: 39% TS, 2.3% glucose, 2.5% cthanol, 2.2% organic acid,)

Addition of salt
(20 g
Pasteurization
(190 g: 49.7% TS)

Evaporation and
precipitation (30 g)

Centrifugation

l

Refined canola sauce
(160 g: 39% TS, 14% NaCl, 10.3% protcin, 1.8% glucose,
1.6% cthanol, 2.1% organic acids)

Figure 5.6 Matcrial balance in canola sauce production.
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Canola meal-whole wheat flour-water mixture

Multi-step  enzymatic
hydrolysis

Hydrolysate
(galacturonic acid, ccllulose, hemicellulose, gum,
maltose, glucose, small peptides, amino acids)

Fermentation
I. Lactic acid fermentation
2. Ethanol fermentation

Raw canola sauce
(Iactic acid and other organic acids,
ethanol, glycerol and other arcmatic compounds)

Pasteurization }—> Precipitates of
polypeptides and
polysaccharides

Vv

Brown pigments
and flavor compounds
from Maillard reaction

Refined canola sauce

Major chemical compounds produced at various stages of

saucc production,
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canola
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CHAPTER 6
DIETARY FIBER FROM RESIDUE OF CANOLA SAUCE PRODUCTION

Introduction

Plant fibers arc resistant to hydrolysis by the cndogenous cnzymes of
the mammalian digestive system. The main components of dictary fiber are
found in the ccll walls of plant tissues which include structural compounds
such as cellulose, hemicellulose, pectic substances, lignin  and other
nonstructural polysaccharides (Bailey et al., 1978).

The fibers arc considered an important nutritional paramcter in our
regular diets; they are known as dictary fibers. The lack of dictary fiber has
been associated with chronic disorders of digestive  system  such  as
constipation, diverticulitis and cancer of the colon as well as the metabolic
disorders such as gallstone, diabetes, obcsity, and dental caries in  the
Western and developed countrics (Burkitt, 1975). Dictary fiber has been
reported to have physiological ecffects of incrcasing fecal bulk and
improving large bowel function, decreasing  nutrient  availability, reducing
levels of plasma cholesterol, and reducing glycemic responses 1o a mcal
(Scheeman, 1989)

Dictary fibers on the market used as food ingredients arc dcerived from
by-products of many food processing opcrations. These include barley (65-
70% total dictary fiber-TDF), residuec from brewing, corn cob(>90% TDF), oat
hull (67-98% TDF), peca hull(85-90% TDF), soybcan hull (75% TDF), and rice
bran (20-40% TDF) (Andres, 1989).

Canola meal and wheat have been reported to contain 21.9-23.6%
ncutral detergent fibers (Bell and Shires, 1982) and 12.9% cnzymatically
determined fibers (Prosky et al.,, 1984), respectively,  which  arc
comparatively high. Therefore, the residue of canola-whcat mixture after
removal of hydrolysate could be a good source of dictary fiber. This
relatively low valued by-product may be suitable only for animal fced.
However, the production of dictary fiber from the residuc could offer the

added value of a by-product.
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This chapter describes the dictary fiber obtained from the residue of
canola-whecat mixturc after enzymatic hydrolyses in canola sauce

production,
Materials and Methods

Canola-whecat residucs obtained from canola sauce production as
described in Chapter 5 were used. Termamyl 120L was from from Novo
Industri  A/S, Dagsvacrd, Dcnmark, donated by Van Waters & Rogers Lid.,
Lachine, Quecbcc. Protcase P-5380 and amyloglucosidase A-9268 were from
Sigma (Sigma Chemical Co). All other chemicals were reagent grade.

After rcmoval of hydrolysatc (from the starting material of 55 g dry
weight) canola-wheat residue was cither washed in 1 L of boiling water, or
boiling 2% H2S04, or boiling 2% NaOH for 30 min before the suspension was
centrifuged at 9000xg for 20 min. The same trcatment was repcated once on
the residue. The final residue was neutralized with NaOH or H2SO4 in 1 L of
boiled water before being filtered through a Watman paper #4 under
vacuum. The residue left on the filter paper was washed with 95% ethanol
beforc it was dried at 105°C. Dried residues were ground in a coffee blender.
Untreated residuec was dricd in the same manner and was used as a control.
Yiclds of the samples were calculated from the starting weight of raw
materials (55 g, dry basis).

Total nitrogen and ash contents of the samples were determined using
the A.O.A.C. mcthod 47.021-47.023 and 14.083, respectively (A.O0.A.C., 1980).

Dictary fiber of the samples was evaluated using the method devcloped
by Prosky et al. (1988). The procedurec involved removal of protecin and
starch with Protcasc P-5380 and Termamyl 120L and Amyloglucosidase A-
9268, rcspectively.  The fiber was determined gravimetrically.  The soluble
fiber fraction was ecstimated from the precipitate in ethanol solution. The
results were corrected for ash and protein contents.

Bulk density of all samples were estimated by weighing 5 g into a 10
mL graduated cylinder, tapping the cylinder 10 times against the palm of the
hand. Bulk dcnsity was expressed by the final volume in g/cc.
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Color of the samples was mcasured with a Hunterlab model D25M/L-2
colorimcter (Hunter Associates Laboratory, Inc., Fairfax, VA). The color
obtained was expresscd in Hunter L, a and b valuecs.

Water holding capacity of the samples was cstimated according to the
A.A.C.C. method 88-04 (A.A.C.C., 1982). Watcr adsorption was dcfined as the
maximum amount of water that 1 g of material would imbibe and retain
under low spced centrifugation.

Qil absorption was dctermined using the method of Lin er al. (1974)
with canola oil. Oil absorption was cxpressed as the amount of canola oil

bound by a 100 g samplc on a dry weight basis.
Results and discussion

The process flow chart for dictary fiber (DF) production from canola-
wheat residuc is presented in Figure 6.1. Total nitrogen, dictary fiber and
ash contents of the residues are presented in Table 6.1. Insoluble dictary
fiber was the major fiber in all samples because the soluble fiber, consisting
of pectins, gum and mucilages, had been ecxtracted into the hydrolysate
during the multi-stcp enzymatic hydrolysis.  Untreated sample was high in
nitrogen and ash duc to the rcsidual protcin and mincrals. In fact, rinsing
the residue after the initial hydrolysate extraction and adding the rinsing
water to the hydrolysatc would incrcase the yield of the hydrolysate. Table
6.2 shows that nitrogen and ash contents of rinsed sample dccreased whercas
total dietary fiber increased.

The yiclds of various components in the acid and alkaline treated
samples were further reduced due to the ability of acid to solubilize part of
cellulose and pectins, and alkalinc to solubilize hemicellulose and pecting
(Southgate, 1976). Protein nitrogen, including glycoprotecin, and
polysaccharide-protcin-polyphenol complexes were  extracted by alkaline
treatment (Quinn and Jones, 1976; Bailcy et al, 1978; Sclvendran, 1984)
resulting in very low total nitrogen in this sample. In fact, the alkaline
treated sample consisted mainly of cellulose, lignin and ash. The mincrals
left as ash arc usually silicon in the form of silica and metal cations which

are bound or complexed by lignin (Joncs, 1978).
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Different  treatment would provide different physiological
characteristics  to  resultant  dictary fiber. For instance, lignin, as
demonstrated by in vitro studics, is an cffective bile acid absorbent which
would increase fecal bile acid excretion. This has been shown to relate to the
plasma cholesticrol-lowering effect of certain fiber sources (Scheeman,
1989).  Thercfore, dictary fiber obtained from alkaline treated sample may be
ablc to absorb morc bile acid, duc to the concentration of lignin, than that
from acid-trcated samples, Physical propertics of fibers have been
demonstrated to be considerably affected by thermal modifications, resulting
in the cnhancement of water uptake, water binding capacity and oil
absorption (Arrigoni et al., 1986).

Water holding capacity is probably the most important physiological
characteristic of insoluble dictary fiber. It indicates the ability of a sample
to absorb water in the digestive system to provide fecal bulk and maintain
rcgularity of the large bowel function. Table 6.2 shows that alkaline-treated
sample had the highest water holding capacity. The water binding ability of
the fiber depends largely on the surface arca and the interior cell space
(Van Socst, 1978).  Generally, water holding capacity increases as particle
sizc decreases, but it is reversed if the fiber matrix is extensively collapsed
(Cadden, 1987). As well, oil absorption, assesscd according to Lin et al. (1974),
is attributed mostly to physical cntrapment (Kinsclla, 1976). Therefore,
samples with high bulk density (water washed and acid washed) had high oil
absorption capability. Both water and oil absorptions are not only indicators
of food retention in the digestive tract, but also important functional
propertics in food processing. If the fiber is incorporated into food products,
the amount of water and oil in the formula have to be readjusted accordingly.

Marketing survey of dietary fiber products in supermarkets and
health food storcs indicated that therc are over 30 products made from
various kinds of plant matcrials and presented in different colors and forms,
c. g. tablcts, capsulcs, powder, granules and cookics (Smit, 1990). These
products arc markected as fiber supplements to aid in either constipation
relicf or reducing scnsation of hunger for weight control. Among all fiber
samples from canola-wheat residue, untreated residue had the most attractive
color which may cnable it to be used in more varietics of products than the

rest of the samples, or even markcted as is as a dietary fiber product. Other
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samples may have to be added to products that have dark colors or to be
markcted, as dictary fiber products capsules or tablets. However, more
research has to bc donc on the nutritional quality and acceptability of 1the

treated residues.

Conclusion

The residuc from canola sauce production had high insoluble dictary
fiber content. The compositions of the residuc could be tailored by a simple
chemical trcatment to provide various functional propertics  suitable  for
spccific applications. The fiber products may be marketed as fiber
supplements in the forms of tablets or capsules, or incorporated as an
ingredicnt into other food products, after they have been further evaluated

for nutritional quality and consumer acceptance.
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Table 6.1 Proximate analysis of canola-wheat residucs (dry Dbasis).

Untrcated Water Washed Acid Washed Alkaline Washed

Total nitrogenf 4,54 427 3.79 0.35
(%, wiw)
Dietary fiber 39.4 59.2 56.6 85.2
(%,w/w)
soluble 3.6 3.8 3.2 4.6
insoluble 33.4 57.2 54.0 82.8
Ash(%, w/w)* 9.5 1.8 3.6 7.0

1 average of duplicate dcterminations

% ST . .
average of triplicate dcterminations



Table 6.2 Physical propertics of canola-wheat residues.
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Untrcated Water Acid Alkaline
Washed Washed Washed
Yicldl (%, wiw) 47.9 23.0 15.5 7.2
Bulk density™® 1.7 1.9 2.1 1.7
(g/mL)
Color* Yellowish Brownish Dark Dark
brown grey grey grey
L-valuc! 49.5 40.8 39.3 33.3
a-value?2 4.7 3.9 3.8 3.8
b-value3 13.8 8.5 7.4 4.4
Water holding capacity' 23 3.6 2.0 4.8
(mL/g)
Qil absorption capacity 56.5 88.6 103.0 62.0

(mL/100 §g)

¥ average of duplicate dcterminations
* avcerage of triplicatec determinations
10 = black; 100 = perfect white

t
+
H

red; 0 = gray; - = green

3 4+ = yellow; 0 = gray; - = blue
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CHAPTER 7

Discusion and Final Conclusion

Studics presented in Chapter 2 validated the optimum conditions of (wo
protcinases used in the multi-step enzymatic preparation of moromi  broth
for canola saucc fermentation. The results confirmed that the conditions for
optimum cnzymatic activitics suggested by the manufacturers were  well-
suited to the process. Kinctic paramecters and  heat stability of the two
enzymes at the operation conditions werc also obtained which would  be
useful for possible further process modifications.

A procedurc for the production of an acceptable canola sauce has been
developed, based on a traditional fermentation process of soy sauce, to a point
that the sauce can be produced in 30 days instcad of 8 to 12 mo (Ooraikul ¢t al.,
1980; Ma and Ooraikul, 1986; Colcman and Ooraikul, 1989). However, further
modifications in the fermentation process of canola sauce have become
nccessary to improve its scnsory qualitics and to further shorten the
production time to reduce the processing costs which, in turn, may make the
technology attractive to the industry. Thercfore, a multi-step  cnzymatic
hydrolysis of canola-whecat mixture to producc moromi broth was developed,
as prescnted in Chapter 3, to replace the koji making in order 10 speed up the
process and to reduce the cost of maintaining the mold cultures. The
scquence of the hydrolysis was arranged in the order of their reactions and
conditions under which they performed. The broth obtained from ithe
hydrolysis process coniained important components rcquired in  the
subscquent lactic acid and cthanol fermentation. The combination of the last
lwo steps of the multi-step cnzymatic hydrolysis, cnough lactic acid was
produced by the naturally occurring lactic acid bacteria during 14 h of 1he
hydrolysis to render the lactic acid fermentation with immobilized
Pediococcus halophilus unnccessary.  This could shorten the production
time even further.

In addition, the broth prepared by the multi-step enzymatic
hydrolysis, after appropriate concentration, could be used in lactic acid and
cthanol fermentation without addition of salt. Therefore, it is possible to use
more vigorous strains of lactic acid bacteria and ycasts which can tolerate

low water activity but arc susceptible to high salt concentration in the
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production of canola saucc. For cxample, Lactobacillus delbrueckii has been
uscd in the production of a high quality soy sauce instead of P. halophilus
(Lockwood, 1947).

An immobilization of living microorganisms in alginate beads used in
lactic acid and cthanol fermentation was studied in Chapter 4 and 5. Dry
preservation of Saccharomyces rouxii in alginate becads was demonstrated to
bc a suitable mcthod, The viable cells and their activities in ethanol
conversion of the stored dried beads could be restored after revitalization in
a proper growth mcdium. This dricd preservation is an application of an old
technique to a new usc 1o cxtend the useful life of immobilized living
microorganisms (Bcker and Rapoport, 1987).

The application of immobilized living microorganisms in a continuous
fermentation of soy sauce was first reported by Osaki et al. (1985). The whole
process takes 2 wk. from koji making to refining of the finished sauce. The
optimum conditions of the process has been studied and modified by Hamada
et al. (1989) in which oxygen is supplicd together with nitrogen to the
fermenting  columns. The original process has further beecn modified
(Horitsu et al., 1990) using a ceramic carrier for yeast cell immobilization
instcad of alginate. The production time was subscquently shoricned to 8
days.  In chapter 5, the production of canola sauce using the multi-step
cnzymatic hydrolysis in preparation of moromi broth and immobilized living
cells in alginatc beads was achieved in about 3 days. This production time
was reduced further to under 2 days when lactic acid fermentation was
rcplaced by a modificd multi-step enzymatic hydrolysis using Decbitrase
(aminopeptidasc) together with SAN (glucoamylase) for 14 h.

The application of ncw technology in soy sauce fermcntation thus far
has incvitably affected the quality of the final product. Although the main
components can be controlled to the same levels found in the traditional
product, its flavor compounds, rcported to be morc than 300 (Yokotsuka,
1986), would not be the same. As in Chapter 5, for instance, there were great
changes in the malic acid and glycerol contents of Kikkoman soy sauce. As
well, this has been confirmed in the final product obtained by the modified
process (Osaki et al., 1985; Horitsu ef al., 1990).

There is no standard for fermented soy sauce and soy sauce-like

products in Canada. However, soy sauce produced without aging processes of
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moromi mash is not rccognized as "fermented soy sauce" by the Japanese
government  (Fukushima, 1990). Therefore, with  all  the  changes  in
technology and the existing standard for similar products, canola sauce may
have to be distinctively identificd as another type of liquid scasoning and
find its place on the market the way canola oil docs because there are many
diffcrences in raw materials, preparation processes, and  species  of
microorganisms used in the pioduction.

Chapter 6 dcmonstrated that the residue from canola sauce production
was a good source for dictary fiber. The study also showed that simple
treatments could alter its properties.  This indicates a potential use of the
residue in various food products or for more specific purposes such  as
dictary fiber supplcments after a proper modification of the preparation
process.  There is a high potential of using the residuc as dictary fiber
considering the number of products from other sources already available on
the market. The upgrade of this low end by-product will also make the
production of canola saucc more attractive to the industry as part of the
opcrational cost may be rccovered by the higher value of the by-product,
and part of the expensecs on waste management may also be reduced.

The devclopment in biotechnology will most likely improve the
manufacturing processes of all indigenous fermented foods. There are
always ncw technologies being implemented in the food industry. The
development of Japanese soy sauce production tcchnologics is indeed a
classical example. Therefore, adaptations of new technologics in  canola
sauce production would be beneficial in an attempt to make the hitherto
abundant but Jow-value Canadian raw material into a more valuable product,
However, further studies arc still required. These may be on the following
arcas:

1. Raw matcerials: trcating raw materials with high temperature and
short time, as in extrusion, to improve cfficicncy of raw material hydrolysis.

2. New cnzymes: using the cnzymes that have similar optimum
conditions to shorten the hydrolysis steps andfor using high activity and
more stable cnzymes to improve hydrolysis of raw materials.

3. New carrier materials: improving the stability and strength of the
supporting materials used for immobilization of the cultures and improving

the fermentation rates.
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4. Coimmobilizaton of cnzymes and living cultures: immobilization of
cnzymes, which catalyse the rcactions of small molccular weight compounds,
together with the cultures or different cultures together to imporve

fermentation cfficiency of the moromi broth,
5. Ncw cultures: using the microorganisms that produce more

desirable chemical components in a short time.
6. Continuous process: using biorcactors to effectively control over

and reduce the time of the fermentation processcs.
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APPENDIX 1
Product Data of enzymes supplied by the manufacturers

Name Enzyme Optimum Optimum Activity
(Trade Namc) Source pH Temp.
o)
Protcase Bacillus licheniformis 8-9 60 2.4 (AU/g!

(Alcalasc 2.4L.)

Aminopeptidase Streptococcus  lactis 7 37 2000
(Dcbitrasc and Aspergillus oryzae (LAPU/Kg)?

4500.20)

a-Amylasce Bacillus licheniformis 7 90 120
(Termamy! 120L) (KNU/g)3
Glucoamylase Aspergillus  niger 4-5 60 200
(SAN 200L) (AGU/mL)4
Pectinasc Aspergillus  spp. 3.5-5.0 45-55 1,600
(SP 249) (KPU/g)

' 1 AU = 1 meq. tyrosine/min from denatured haemoglobin at pH 7.5 and 25°C

2 1 LAPU = 1 umole of leucine/min from L-lcucine p-nitroanilide at pH 7.0
and 30°C

3 1 KUN = 5.26 g soluble starch hydrolyzed/h at pH 5.6 and 37°C with 4.3 mM
Ca

41 AGU = 1 pmole maltose/min at pH 4.3 and 25°C

5 1 KPU = a change in relative fluidity of 10 per sccond of citrus pectin at pH
4.0 and 30°C.



APPENDIX 2

Determination of free amino groups in proteins with TNBS.

Reagent: 0.1 M Borate buffer, pH 8.7
0.2 M NaH2PO4 with NazS03 0.01g/100 mL
0.6% TNBS

Reaction: 0.5 mL leucine standard (0.1 - 0.5 mM) or properly diluted sample
solutions
0.5 mL boratc buffer solution
0.1 mL TNBS

After 15 min, the reaction was stopped with 2.0 mL NaHaPO4. Then, the
absorbance of the solution was read at 420 nm. Free amino groups in the
samples were dctermined to be cquivalent to the amount of leucine from (he

standard curve.
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APPENDIX 3
Proximate analysis of canola meal and whole wheat.

Chemical Composition (%) Canola Mecal Wholec Wheat
Moisture! 9.8 £ 0.02 13.7 + 0.13
Protein? 32.8+0.15 14.8 + 0.49
Total sugar3.4 11.9 + 0.24 3.8 £ 0.01
Starch? 9.3 £ 0.39 523 + 1.42
Total dictary fiber® 28.9 * 1.40 12.7 + 0.06

Insoluble 22.1 + 0.58 10.1 + 1.40

Soluble 42+ 1.25 0.9 + 0.40
Pcctin? 5.8+ 0.13 0.2 + 0.05
Fal8 2.3 + 0.02 2.2 + 0.05
Ash? 7.6 £ 0.02 1.5 £ 0.02

'A.0.A.C. 1980. Mecthod 14.084. In: Official Mcthods of Analysis of the AOAC,
13th ed. The Association, Washington, DC.

2 A.0.A.C. 1980. Mecthod 47.021-47.023. (N x 6.25 for canola; N x 5.7 for wheat)

3 Black, L. T. and Baglcy, E. B. 1978. Determination of oligosaccharides in
soybcan by high pressure liquid chromatography using an internal
standard. J. Am. Oil Chem. Soc. 55(2):228-232 (for sugar extraction).

4 Dubois, M., Gilles, K. A., Hamilton, J. K., Rebers, P. A. and Smit, F. 1956.
Colorimctric mcthod for dctermination of <ugars and related substances.
Anal. Chem. 28(3): 350-356 (for sugar determination using raffinosc as the
standard).

5 ALAA.C.C. 1982. Mcthod 76-11. In: Approved Mecthods of the AACC. The
Association, St. Paul, MN,

6 Prosky, L., Asp, N.-G., Schweizer, T. F., DeVrics, J. W. and Furda, 1. 1988.
Determination of insoluble, soluble, and total dietary fiber in foods and food

products: Interlaboratory Study. J. Assoc. Off. Anal. Chem. 71:1017-1023.
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7 Kintner, P. K.III and Van Buren, J. P. 1982. Carbohydrate interference and
its corcction in pectin analysis using the m-hydroxydiphenyl method. ).
Food Sci. 47:756-759,764.

8 AO.A.C. 1980. Mecthod 14.088-14.089.

9 A.0.A.C. 1980. Meihod 14.085.
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complexed activities of SP 249,

Aclivity group

Activity unit

Pcctinasc

lolytic activilics:

Cellulasc

Fungal B-glucanasec

Cecllobiasc
Hemicellulolytic activitics;

Hemiccellulase

Arabanasc

a-galactosidase
Xylanasc

o ic_ activitics:
Protease (pH 3.2)
Protcasc (pH 4.8)

inor__activitics:
Amylase
Amyloglucosidase
Lipasc

1,600

735
91
9.5

256
98
63

483

3,200
1,250

KPU/g

NCU/g
FBG/g
CBU/g

KVHCU/g
units/g
units/g
units/g

HUT/g
HUT/g
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APPENDIX 5

Determination of reducing sugar with dinitrosalicylic acid
reagent,

Reagent:  (A) the reagent solution contains:
1.0% dinitrosalicylic acid
0.2% phenol
1.0% sodium hydroxide
0.05% sodium sulfite( added prior being uscd)

(B) 40% Rochelle salt (sodium potassium tartrate) solution

Reaction: 3.0 mL glucose standard (0.3 - 0.6 mM) or properly diluted sample
solutions

3.0 mL reagent (A) solution

After hcating in boiling water for 15 min, the reaction was stopped
with 1.0 mL solution (B) prior to cooling Then, the absorbance was read at
540 nm. Reducing sugar in the samples was determined from the glucose

standard curve.
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APPENDIX 6

Viability of immobilized S. rouxii in alginate beads stored at 4
and 23°C.

Storage Ca-alg Ca-Si03-alg Sr-alg Sr-Si0,-alg
Fresh _beads 16x106 18x106 14x106 15x106
Dricd becads
0 d 29x104 34x105 22x104 47x105
AL 4°C
35 d 18x103 38x104 49x103 16x105
60 d 54x102 12x104 11x103 45x104
90 d 22x102 95x103 18x102 16x104
120d 51 30x103 49 53x103
A 23°C
35 d 35 47x103 50 17x104
60 d 40 17x102 30 51x102

90 d 10 68 42 135
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APPENDIX 7
UV-method for the determination of Glycerol in foodstuffs®

Glyccrol is phosphorylated by adenosine-5"-triphosphate (ATP) 10
glycerol-3-phosphate in the reaction catalyzed by glycerokinase (GK):

Glycerol + ATP — QK glycerol-3-phosphate + ADP

The adenosine-5"-diphosphate (ADP) formed in the above reaction is
rcconverted by phosphocnolpyruvate (PEP) with the aid of pyruvate kinase

(PK) into ATP with the formation of pyruvale:

ADP + PEP —BK__ , ATP + pyruvatc

Pyruvate is reduced to L-lactate by reduced nicotinamidec-adenine
dinuclcotide (NADH) in the presence of lactate dchydrogenase (L-LDH) with
the oxidation of HADH to NAD:

Pyruvate + NADH + H*t L-LDH __, [ Jactate + NAD¥

‘The amount of NADH oxidized in the above reaction is stoichiometric
with the amount of glycerol. The change of NADH is determined from its

absorbancec at 340 nm.

UV-method for the determination of ethanol in foodstuffs*

Ethanol is oxidized in the presence of alcohol dchydrogenase (ADH) by
NAD to acctaldchyde:

Ethanol + NAD* «—ADH ____, ucctaldchyde + NADH + [+

The cquilibrium of the recaction can be completely displaced to the

right at alkaline conditions and by trapping the acctaldchyde formed.
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Acclaldchyde is oxidized in the presence of aldechyde dehydrogenase (Al-DH)

quanlitively to acetic acid:

Acctaldchyde + NAD* + H20 Al-DH > acetic acid + NADH + Ht

NADH, produced stoichiometrically with half the amount of ethanol, is

mcasurcd from its absorbance at 340 nm.

* Bochringer Mannheim, 1987.  Mecthods of biochemical analysis and food
analysis. Bochringer Mannhcim GmbH Biochecmica. Mannheim, W.

Germany. pp.28-30, 54-57.



APPENDIX 8

Cost analysis of materials used to produce 1.4 L of canola sauce

Material Amount (g) Cost($/unin)* Extended cost

Raw materials

Canola mcal 590.0 0.18/Kg 0.11
Whole wheat 410.0 0.20/Kg 0.08
Water 3000.0 - -
HCl, 20%. 58.1 0.55/Kg (.03
NaClt 225.0 0.18/Kg 0.04
NaOHf 25.0 2.95/Kg 0.07
1,33
Enzymest
Alcalasc 2.4L 3.05 25.00/Kg 0.08
Dcbitrase 4500.20 1.27 325.00/Kg 0.41
SAN 200L 0.97 6.67/Kg 0.01
SP 249 0.87 20.83/Kg 0.02
Termamyl 120L 0.97 7.00/Kg 0.01
0.53
Medial
Corn sugari(42%DE) 166.01 + 120.72 0.75/Kg 0.22
K2HPO4 83.01 12.30/Kg 1.02
Malt extract 36.22 37.25/Kg 1.35
NaCl} 83.01 0.18/Kg 0.02
Peptone 166.0 + 60.42 70.73/Kg 16.01
Sod. acetatet 547.81 2.70/Kg 1.48
Yeast extract 49.81 +.36.22 36.02/Kg 3.10
(23.20/30)
0.77
Beadsf
Sod. alginate 50.0 11.78/Kg 0.59
Silica 50.0 0.63/Kg 0.03
SrClp 150.0 9.06/Kg 1.36
(1.98/30)
0.07
Total 1.70

* price quoted in 1990.
t Food grade.
1 media and becads based on onc batch of immobilized microbial cclls for

producing 1.4 L of canola sauce. It can bc assumed that a ncw batch of
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immobilized cclls is required for cvery 30 batches of sauce. This is about
half of that shown in the time course studicd by Osaki et al. (1985)3, where
the amount of viable cclls in the bcads and in the effluent is similar
indicating wcakened bcad structure.

Tfor lactic acid bacteria.

2 for ycasts.

3 Osaki, K., Okamoto, Y., Akao, T., Nagata, S. and Takamatsu, H. 1985.
Fermentation of soy sauce with immobilized whole cells. J. Food Sci.
50:1289-1292.
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APPENDIX 9
Questionnaire for sensory evaluation with scaling*

Name: Datc:

Plcase cvaluate thesc fermented sauce samples for aroma, Mavor and

overall acceptability.

1. AROMA: Make vertical lines on the horizontal line to indicate your rating

of the aroma of cach sample.

#XXX: I ! ~
dislike like
cxtremely extremely
#XXX: I _
dislike likc
cxtremely extremely
#XXX: ! I
dislike like
cxtrcmely cxiremely
#XXX: I [
dislike like
extrcmely cxtremely
2. FLAVOR: Make vertical on the horizontal line to indicate your

rating of the flavor of cach sample.

#XXX: I .
dislike like

cxtremely cxtremely

#XXX: I S
dislike like

cxtremely extremely

#XXX: I I
dislike like

cxtremely cxtremely

#XXX: I S
dislike like

cxtremely

cxtremely
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3. OVERALL: Makc vertical lines on the horizontal linc to indicate your

rating of the overall quality of cach
WXXX: |
dislike like
cxtremely cxtremely
fIXXX: I I
dislike like
cxtremely cxtremcly
#HXXX: I I
dislike like
cxtremely extremely
HXXX: ! I
dislike like
extremely extremely
COMMENTS:

* Stone, J., Sidel, 1.,

quantitative descriptive analysis.

Oliver, S. and Woolsey, A.
Food Technol. 28(11): 24-34,

Scnsory evaluation by
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Variance analysis of canola sauce sensory  evaluation

Source DF SS MS I8
Aroma

Treatment 4 3,075.23 768.81 5.570™*
Error 170 23,464.69 138.03

Total 174 26,539.93

Flavor

Treatment 4 5,315.32 1,328.83 9.687**
Error 170 23,319.89 137.18

Total 174 28,635.21

Overall

Treatment 4 4,810.71 1,262.68 9.107**
Error 170 22,450.56 132.06

Total 174 27,261.27

** highly significant difference.



