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PLANT-BASED FOOD PRODUCTS 53

in fortified red colored biscuits, which had greater organoleptic accept-
ability compared with full-fat soy-flour-supplemented biscuits. Protein
content of the product was more than 17%.

2.1.1.3.9 Conclusion Traditional knowledge of tribal women in pre-
paring kinema has relevance to the sustainable food and nutritional
security and subsistence economy of the kinema-practicing societies.
To promote commercialization of kinema, the product must maintain
superior quality. It is necessary to increase efforts to introduce consumer
preferences in terms of taste and produce high-quality products, pack-
aging, and design as well as safety management. Given the concerted
efforts of academia, industry, and government and private organiza-
tions, kinema has a potential to become an enjoyable part of the menu.

2.1.1.4 Doenjang
Kun-Young Park and [i-Kang Jeong

Korea has a long history of eating fermented soybean foods, and doen-
jang is one of the representative Korean traditional fermented soybean
foods. Historically, soybean and processed soybean foods have been
one of the most important protein sources in the Korean diet because
Koreans mainly eat vegetables. Doenjang has also been used as a sea-
soning for enhancing the taste of foods (Park and Jung, 2005). As
a traditional Korean fermented soybean food, doenjang has unique
qualities and characteristics in terms of its flavor and taste compared
with those of other similar products from Asian countries. This is due
to the fermentation process and Korea’s unique natural environment
(Park et al., 2000; Kim, 2002).

Doenjang is recognized as a nutritious food that provides essential
amino acids that are lacking in cereal and vegetable diets as well as
fatty acids, organic acids, minerals, and vitamins, which are highly
related to its quality and diverse nutritional benefits (Lim et al., 1999).
Proximal composition of doenjang is 54.7% water, 13.8% crude pro-
tein, 8.0% crude lipid, 14.4% titratable acidity, and 11.8% salt. Free
amino acids are comprised 3.8% of the nitrogen content, of which
glutamic acid content (25%) is the highest, but leucine, alanine, his-
tidine, lysine, proline, and valine are also present in relatively high
quantity. Lactic acid was the most abundant organic acid, but acetic,
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malic, citric, and oxalic acids were also detected. Linoleic acid (52.2%),
oleic acid (20.7%), and linolenic acid (8.7%) are the major unsatu-
rated fatty acids, comprising 81.6% of total fatty acids. Doenjang also
contains oligosaccharides and 3.1% dietary fiber. The digestibility of
raw soybean is approximately 55% and that for the cooked soybean
is 65%. Digestibility of doenjang increased up to 85% (Park et al.,
2000). Doenjang had been used as a folk medicine. It has various
health functionalities of antioxidative, anticancer, antimutagenic,
antiatherosclerosis, and antiobesity (Park and Jung, 2005).

2.1.1.4.1 Manufacturing Procedures Doenjang (Figure 2.19a) has
been traditionally made from meju, which is a fermented rectangular
block of cooked and crushed soybeans (Figure 2.19b). Other Korean
traditional fermented soybean foods such as ganjang and kochujang
are also made from meju. The standardized process to prepare tradi-
tional doenjang is shown in Figure 2.20. To prepare traditional meju,
which is the main ingredient and starter of doenjang, raw soybeans are
soaked, cooked, crushed, and then molded into a rectangular block.
Next, it is dried for 3 days in the air, tied up with rice straw and hung
at the edge of an eave for its natural fermentation (Figure 2.19b). In
general, traditional meju is prepared only with cooked soybeans and
fermented with various beneficial microorganisms, typically Bacillus
subtilis and Aspergillus oryzae, which are naturally harbored in rice
straw. The duration for traditional meju making generally requires 1
or 2 months (Park and Kim, 1970; Kim et al., 1993, 2011).

After 1 or 2 months, the mejus are washed with water to remove
any grown molds, straw, and dirt from the surface. Then, those are
placed in an earthen jar, and brine is added at the ratio of meju, salt,

and water of approx. 1:1:4 w/w/w (Kim et al., 2010). Some dried red

Figure 2.19 Appearance of traditional doenjang (a) and meju (b).
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Figure 2.20 Traditional manufacturing method for meju and doenjang.

peppers and pieces of charcoal are placed on top of the mixture and
fermented for 2 to 3 months in a jar. After fermentation, the meju—
brine mixture is filtered. The solid part of the mixture becomes doen-
jang, and the crushed solid part is put into another earthen jar. Then,
the doenjang undergoes an additional 2 to 6 months of fermentation.
The long fermentation time of more than 1 year gives high quality
and health functionality to doenjang. The liquid part of the mixture is
ganjang (soy sauce), which can be boiled to destroy harmful microor-
ganisms and remove off-flavors.

Recently, traditional doenjang has been commercially produced by
several Korean manufacturing companies, and the traditional method
of making doenjang has to be adapted for mass production (Kim et
al., 2010). Compared with traditional meju fermented with many
natural microorganisms, only 4. oryzae is generally used as fermenta-
tion starter when meju is manufactured industrially. Koji, a modified



56 FOODS INVOLVING ALKALINE FERMENTATION

meju, is made of wheat flour or rice by inoculating with only 4. ory-
zae. Koji is widely used to produce doenjang, especially commercial
products. Because using the koji is more convenient than the tradi-
tional method, it can be easily applied to mass production and it has
been widely used (Kim et al., 2006; Choi et al., 2009). However, it
is known that the taste and quality of traditional doenjang are gener-
ally higher than those of industrially manufactured doenjang, and one
of its reasons is the microorganisms related to fermentation. These
microorganisms are more diverse in traditional doenjang than in com-
mercial one. Therefore, to develop the fermented soybean products
that have reduced fermentation time and are convenient to prepare,
as well as, improve the quality and functionalities, various methods
have been tried.

Attempts have been made to develop doenjang manufacturing
methods that take advantage of both traditional and industrial meth-
ods (Kim et al., 2000; Kim, 2002; Ko et al., 2010), and one of such
methods is the use of effective and beneficial microorganisms as starter
cultures. In the most recently conducted study, Jeong (2012) used
mixed starter cultures to manufacture doenjang. Numerous microor-
ganisms were isolated from traditional meju; then three microorgan-
isms, A. oryzae, B. subtilis, and Lactococcus lactis, which showed the
highest enzyme activity and functionality in the isolates were selected
as starters. Grain-type meju (industrial method) was prepared with
the inoculation of this mixed starter cultures, and doenjang was
manufactured using this meju. This doenjang showed excellent fer-
mentation qualities, organoleptic qualities, and health functionalities
compared with industrial doenjang and was comparable to traditional
one. Therefore, the doenjang manufacturing method of using ben-
eficial mixed starter cultures can improve the qualities and func-
tionalities of doenjang. In addition, it is expected to be applicable to
the fermented soybean product industry due to its great food safety,
health functionality, and sensorial characteristics.

2.1.1.4.2 Microorganisms in Doenjang Microorganism is the most
important factor in the fermentation of doenjang, and various kinds
of microorganisms participate in the fermentation. The traditionally
manufactured meju has various fermenting microbiota depending on
the geographical location. Commercially manufactured mejus, where
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Aspergillus spp. are generally used as a starter, also have different
microbiota by fermentation condition (Lee et al., 2010). Many stud-
ies have reported that Aspergillus, Mucor, and Rhizopus species were
detected in meju and doenjang, and B. subtilis and Bacillus lichenifor-
mis are the dominant microorganisms in them (Yoo et al., 1999; Kang
et al., 2000; Cho and Seo, 2007).

These earlier studies were based on culture media and methods and
were limited to identifying the strains that grow on specific media.
Recently, several molecular biological methods such as denaturing
gradient gel electrophoresis (DGGE) have been used to investigate,
identify, and quantify microorganisms, and it has also been applied to
analyze the microbial community in doenjang (Kim et al., 2009). As a
result, some microorganisms such as Szaphylococcus equorum and some
lactic acid bacteria (LAB), which have been thought to be unrelated
to doenjang production, are newly considered as important microor-
ganisms in doenjang production (Yoo et al., 1999; Kang et al., 2000;
Cho and Seo, 2007).

Recent studies have shown that the strains of bacteria and fungi
existed in meju and doenjang are quite different by the region and
manufacturing method. Lee et al. (2010) reported that a variety of
tungi including Absidia corymbifera, Aspergillus spp., and Candida rugosa
were the main fungi in meju; besides, Mucor spp., Pichia farinosa, and
Penicillium spp. were also detected in meju. Bacillus subtilis is the major
Bacillus spp. present in meju, and B. ficheniformis is detected in lower
amounts. LAB are the major fermenting microorganisms in meju.
Enterococcus durans is a very common LAB species, and Pediococcus spp.,
Lactobacillus spp., Leuconostoc spp., and Lactococcus spp. are also detected
in meju. They also reported that LAB including Enferococcus faecium,
Leuconostoc mesenteroides, and Tetragenococcus halophilus and fungi and
yeasts including 4. oryzae, Mucor plumbeus, and Debaryomyces hansenii
were generally present in doenjang. Aspergillus oryzae was the most rep-
resentative fungus in meju and is used generally as a starter in commer-
cially manufactured doenjang (Kim et al., 2009).

Although traditionally manufactured fermented soybean products
including doenjang have high qualities and health functionalities, they
can also produce toxic substances that are harmful to human health.
Doenjang once had been suspected of being contaminated with myco-
toxin, especially aflatoxins from the growth of Aspergillus flavus and



58 FOODS INVOLVING ALKALINE FERMENTATION

Aspergillus paprasiticus, and the contamination by these strains occurred
during the procedures of meju fermentation. Aflatoxin is known as a
potent carcinogen linked to liver cancer. However, it was demonstrated
that the aflatoxins can be destroyed by ammonia, sunlight, mixed cul-
ture conditions, melanoidin formation, addition of charcoal, etc. during
the fermentation period. In addition, attempts to reduce contamination
possibilities have been made by controlling the microorganisms related
to meju fermentation and using bacteriocin-producing microorganisms.
Thus, doenjang may not have any significant harmful effect, despite the
possible contamination by aflatoxins (Park and Lee, 1985, 1989; Park and
Kweon, 1987; Park et al., 1988, 1989).

2.1.1.4.3 Functional Properties Many epidemiological studies sug-
gest that the consumption of doenjang provides various health benefits
in human. Doenjang is rich in flavonoids, vitamins, and unsaturated
fatty acids and especially, one of the most important active com-
pounds is isoflavone. Genistein and daidzein are the two major soy
isoflavones, and they principally occur in nature as their glycosylated
or methoxylated derivatives, which are cleaved in the intestine to yield
free aglycones and further metabolites. It has been demonstrated that
isoflavone glucosides in soybean foods are decomposed to aglycone
by microorganisms during fermentation. Genistein and daidzein are
absorbed better than their glucosides in human, indicating that iso-
flavone aglycone-rich foods may be more effective than glucoside-rich
foods in preventing chronic diseases such as cancer and cardiovascular
disease (Grun et al., 2001; Park et al., 2008). Other active compounds
in doenjang are linoleic acid, trypsin inhibitor, saponins, etc., and it
seems that the fermented soybean paste contained more bioactive
compounds than the soybean itself (Choi et al., 2001).

It has been reported that eating traditional doenjang demonstrated
strong antimutagenic activities against various carcinogens and muta-
gens including aflatoxin B,. Park et al. (1996) reported that strong
antimutagenic activity toward aflatoxin B; (AFB,) was observed by
treatment with a methanol extract of doenjang. The AFB,-mediated
mutagenesis was completely inhibited at the level of 25 mg/plate of
the traditional doenjang extract, and it showed the highest antimu-
tagenic activity compared with other fermented soybean food such as
miso and chongkukjang (Figure 2.21).



PLANT-BASED FOOD PRODUCTS 59

2500

:

1500

2

~— Rice e
-=- Miso

Chungkookjang e N
»~ Commercial doenjang 1
-~ Traditional doenjang

0 25 50
Concentration (mg/plate)

Revertants/plate

g

=]

Figure 2.21 Effect of methanol extract of various fermented soybean foods on the mutagenesis
of aflatoxin B, in Saimonella typhimurium TA100.

The antimutagenic effects of doenjang were not limited to AFB,,
but were also exhibited toward other mutagens and carcinogens
such as the indirect mutagens, benzo(z)pyrene (BaP) and N,INV-
dinethylnitrosamine (DMN), and the direct mutagens, N-methyl-
N'-nitro-N-nitrosoguanidine (MNNG) and 4-nitroquinoline 1-oxide
(4-NQO) (Park et al., 1996). Trypsin inhibitor, genistein, soya sapo-
nin, a-tocopherol, P-sitosterol, and linolenic acid are believed to be
active compounds in doenjang that possess antimutagenic effects.
All active compounds exerted a strong antimutagenic effect against
AFB,. Genistein and linolenic acid were identified as the most active
antimutagenic compounds in doenjang (Jung et al., 2006) (Table 2.6).

Table 2.6 Effect of Various Active Compounds (1.25 mg/plate) on the
Mutagenicity Induced by Aflatoxin B, in Salmonella typhimurium TA100

AFB,

SAMPLE REVERTANT/PLATE INHIBITION RATE (%)
Spontaneous 104 +2

Control (AFB,) 1218a+9

Genistein 307¢c =31 82
Genistin 579b + 37 57
Linoleic acid 324c + 28 80
o-Tocopherol 786b = 104 39
[-Sitosterol glucoside 549b + 99 60
Soya saponin 621b + 142 54
Trypsin inhibitor 646b + 87 51

Note: Means (= SD), with the different letters beside data, are significantly
(p < 0.01) different by Duncan’s multiple range test.
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Doenjang is also known to exhibit anticancer activities. The growth
of several human cancer cells such as AGS gastric adenocarcinoma
cells, HT-29 colon cancer cells, and MCF-7 human breast cancer cells
was significantly reduced by treatment with the methanol extract of
doenjang. Choi et al. (1999) also indicated that the hexane fraction
from methanol extract of doenjang suppressed various tumor cells.
The doenjang hexane fraction (DHF) was evaluated for its effects on
the cell cycle progression in MCF-7 human breast cancer cells. DHF
induced a G1-phase arrest of the cell cycle in MCF-7 cells, which cor-
related with the accumulation of hypophosphorylated form of retino-
blastoma protein (pRB) and enhanced association of pRB with the
transcription factor E2F1. As shown in Figure 2.22, the expression of
D-type cyclins was decreased by DHF in a time-dependent manner,
but DHF did not affect the level of cyclins E and A. However, the
activity of Cdk2 and cyclin E-associated kinase was decreased in a
time-dependent manner. The tumor suppressor, p53, and Cdk inhibi-
tor, p21, which is a known downstream effecter of p53, and associa-
tion of p21 with Cdk2 were markedly induced in DHF-treated cells
(Figure 2.23). Thus, DHF inhibited cancer cell growth by inducing an
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Figure 2.22 Western blot analysis of cyclins from MCF-7 cells after increasing period of expo-
sure to doenjang hexane fraction.
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Figure 2.23 Induction of Cdk inhibitor p21 (a) and association of p21 with Cdk2 (b) by doenjang
hexane fraction in MCF-7 cells.
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inhibition of pRB phosphorylation, decreasing expression of D-type
cyclins, and increasing of Cdk inhibitor p21 that appears to be respon-
sible for the observed G1 arrest (Choi et al., 2001).

Anticancer activity of doenjang was also demonstrated in an ani-
mal study by inhibiting the solid tumor growth from transplanted
sarcoma 180 tumor cells (Park et al., 1999). In a recent study, doen-
jang exerted the inhibitory effect on chemically induced colitis asso-
ciated colon cancer in mice (Jeong, 2012). In this study, two kinds
of doenjang were used to investigate and compare their functional-
ities. One was existing commercial doenjang and the other was newly
developed doenjang, which was prepared using mixed beneficial
starter cultures. Mice were given azoxymethane (AOM) and dex-
tran sodium sulfate (DSS) to induce colitis-associated colon cancer,
and doenjang were orally administered during a certain period. As
a result, doenjang especially mixed starter used doenjang treatment
decreased the loss of crypt in the colonic mucosa and relieved the
inflammation of colonic mucosa. It also significantly reduced total
number of colonic neoplasia. Doenjang administration also prevented
significant increases in serum pro-inflammatory cytokine levels such
as tumor necrosis factor (TNF)-« and interferon (IFN)-y (Figure
2.24). These cytokines are important mediators of inflammation
and its related cancer and elevated production of pro-inflammatory
cytokines is found in the inflamed colons. This finding suggests that
doenjang-treated mice were protected from inflammation and its
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Figure 2.24 Effects of doenjang treatment on serum pro-inflammatory cytokines in AOM and
DSS-induced colitis associated cancer (CAC) mice. Normal, group received PBS without AOM and
DSS; control, group received PBS and induced CAC by AOM and DSS; CG-d, group received commer-
cial doenjang and induced CAC by AOM and DSS; ABL-d, group received mixed starter used doenjang
and induced CAC by AOM and DSS; a—c, means with the different letters on bars representing SD
are significantly different (p < 0.05) by Duncan's multiple range test.
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associated cancer. Treatment with doenjang caused a marked decrease
in the expression of iNOS and COX-2, which are important factors
related to inflammation and its associated cancer, in colonic tissue
of the mice. In addition, pro-apoptotic Bax significantly decreased
and anti-apoptotic Bcl-2 increased in DSS and AOM induced CAC
mice and they showed a contrary tendency in doenjang-treated group.
The expression of p53 tumor suppressor gene and p21 Cdk inhibi-
tor increased in doenjang-fed group compared with the control group
(Figure 2.25). Collectively, these results confirm that doenjang has
protective effect in the progression of colitis-associated cancer, and
it is correlated with a reduction of iNOS and COX-2 expression in
colon tissues and an induction of cancer cell apoptosis by regulating
Bax, Bcl-2, p21, and p53.

Doenjang has been documented as having antioxidative properties.
Many studies have reported that doenjang inhibited lipid oxidation,
lipoxygenase activity, and increased metal chelation and free radical
scavenging activities in in vitro model system (Cheigh et al., 1990;
Lee and Cheigh, 1997). Doenjang can also reduce cardiovascular dis-
case by having fibrinolytic, antihypertensive, and serum cholesterol
lowering effects (Park and Jung, 2005). Recently, anti-obesity effect
of doenjang and genistein has also been observed in vitro and in vivo
(Kwak et al., 2012).
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Figure 2.25 Effects of doenjang treatment on mRNA expressions of iNOS, COX-2, Bax, Bcl-2,
p21, and p53 in the colon tissue of AOM- and DSS-induced CAC mice. Normal, group received PBS
without AOM and DSS; control, group received PBS and induced CAC by AOM and DSS; CG-d, group
received commercial doenjang and induced CAC by AOM and DSS; ABL-d, group received mixed
starter used doenjang and induced CAC by AOM and DSS.
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2.1.1.4.4 Conclusion Doenjang has long been traditionally con-
sumed and manufactured in Korea. Recently, traditional manufac-
turing method has been replaced by a more convenient and hygienic
method. However, maintaining the consistent quality, and manipu-
lating increased quality and functionality were still difficult problems
in Korean soybean paste industry. Therefore, many attempts have
been made and continue be made to develop the additional standard-
ized manufacturing, and one of such methods is the use of effective
and beneficial microorganisms as starter cultures.

2.1.1.5 Chongkukjang
Jang-Eun Lee, Ggot-Im Lee, and Cherl-Ho Lee

2.1.1.5.1 Origin of Chongkukjang Chongkukjang is a type of Korean
soybean-fermented product. It is a bacterial-fermented soybean food,
similar to natto of Japan, but different in the usage. It is made by
casy and rapid fermentation process using cooked soybeans. It can
be eaten within 2-3 days, unlike other soybean products with a long
fermentation period. It is also used as one of the fermented soybean
condiments stemmed from the long history of soybean fermentation
in Korea, as classified in Figure 2.26.

Shi is prepared by fermenting cooked soybean whole grain with
bacteria, mainly Bacillus subtilis, while maljang is made by meju, a fer-
mented soybean loaf where molds and bacteria are grown. Aspergillus
oryzae is the major mold outside of meju, and Bacillus spp. are the
main bacteria inside of meju. The term “shi,” the Chinese word indi-
cating fermented soybean, first appeared in Jijiupian, written in the
Han period (206 BC to 208 AD) of China. Bowuzhi of Jin (265-420
AD) of China described that shi originated in a foreign country as the
word “shi” is a dialect. Xintangshu (618-807 AD) of Tang Dynasty

Class Korea Japan

Shi —* Chongkukjang =~ — Natto
Dujang Maljang —> Kanjang, Doenjang —* Tamarishoyu
Jang —> Gochujang — Shoyu, Miso

Figure 2.26 The position of chongkukjang in Korean fermented soybean products. (Modified
from Lee, C.H., Fermentation Technology in Korea, Korea University Press, Seoul, 2001.)
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of China named shi as a special product of Balhai or Bohai (688—
826 AD), a nation founded by the refugees from defeated Kokuryo
Dynasty, the ancient Korea (37 BC-668 AD). Chi-Min-Yao-Shu,
written by Jia-Si-Xie of Late-Weiin in the 6th century, described sev-
eral methods of shi preparation (Lee, 2001).

It is generally recognized that Koreans are the first people who
conducted soybean fermentation, sparking the soy sauce culture in
the world. The history book of Wei Dynasty praised the fermentation
skill of Korean people. Their techniques were transferred to Japan dur-
ing 200-300 AD from Kokuryo. The Japanese term of soybean paste,
“miso,” was originated from the Korean language maljang, an old term
referring to fermented soybean products (Lee, 1990). Masakurainbunsyo,
written in Japan in 752, described miso as a dialect from Koryo and
called as Koryojang (Lee, 1990). In the classification of Figure 2.26,
“jang” is the soybean product fermented with other cereals such as rice,
wheat, and barley to make koji, mostly developed in Japan, although
the term “jang” is generally used for the fermented condiments in
Asia. Chongkukjang is called as yumshi in the early Korean literatures
like Sam-kuk-sa-ki, written by Kim Bu-Shik (1075-1151 AD). The
18th century literatures, like San-lim-kyung-je (1715), described it as
“jeonkukjang,” whose name implies the need for rapid processing of
soybean paste during the war time of Byungjahoran in 1636, as “jeon”
means war and “kukjang” means soup in Korean. Food historians
believe that the phonetic change from “jeonkuk” to “chongkuk” took
place at that time. Another story is that the Qing army used to carry the
instant fermented soybean as military ration, and it was called chong-
kukjang (Chong/Qing — kukjang). What all these names imply is that
this product was made for extraordinary situation such as war or famine
conditions for the urgent supply of nutritious savory food ingredient.

2.1.1.5.2 Methods of Preparation 'The manufacturing process of
chongkukjang is unique compared with the other Korean soybean
foods, doenjang and gochujang, which are mainly prepared by mixing
and fermenting meju with salt and water or red pepper powder, glu-
tinous rice, salt, and water, respectively. While the other two pastes
need at least 6 months of fermentation time for ripening, chongkuk-
jang is made by fermenting microorganisms naturally transferred
from the air or rice straw on cooked soybeans.
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The first written record on the preparation of jeonkukjang
appeared in Jeung-bo-san-lim-kyung-je written by Jung-Im Yoo in
1765. Newly harvested soybean is cooked and covered with straw mat,
and placed on the warm “ondol” (typical Korean stone floor heated by
fire underneath) for 3 days until the mucous string (Figure 2.27) is
formed with a strong fermented smell. It is mixed with dehulled and
roasted soybean powder, pounded in a stone mortar with the addition
of salt, and sun-dried. The mixing ratio of fermented soybean and
roasted soybean powder is 2 to 1, and the amount of salt addition is
determined by its taste. The product appears to be dried form, easy for
storage and transport, and suitable for the military use. This process is
slightly different from the current method.

The current process is very simple as shown in Figure 2.28. Soybean
is cooked and covered with straw mat or cloth and placed on the warm
ondol for 3—4 days until the mucous string is formed. It is mixed with
chopped ginger, chopped garlic, and salt, and pounded slightly until the
bean kernels are divided into halves, and stored in an earthen jar (Figure
2.29a). Industrial fermentation is made by adding pure culture of B. sub-
tilis or placing pieces of rice straw to cooked soybean. Rice straw is the
source of B. subtilis, which grows fast at 40°C and becomes naturally
dominating flora in the system (Lee, 1995). Chongkukjang has its char-
acteristic flavor and smell that are partially masked by ginger and garlic.
'The spicy seasoning is thus prepared in 3—4 days, and nowadays, the
product is marketed in attractive packages (Figure 2.29b).

2.1.1.5.3 Biochemical Composition During the production of chong-
kukjang, proteases and lipases produced by microorganisms can
generate amino acids, organic acids, and fatty acids. Analysis of the

Figure 2.27 Chongkukjang with mucous strings.
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Soybean
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Soaked in water overnight
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Cooked for 3-4.h
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Covered with rice straw and put on warm (~40°C) floor for 2 days
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Mucous string formed
!
Crushed by mixing salt and spices
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Figure 2.28 Chongkukjang making process. (From Lee, C.H., Fermentation Technology in Korea,
Korea University Press, Seoul, 2001.)

Figure 2.29 Chongkukjang packages: traditional earthen jars (a) and a modern package (b).

chemical composition of samples of chongkukjang collected from
various regions in Korea revealed that chongkukjang contains many
biochemical components including fatty acids, amino acids, carbo-
hydrates, and organic acids. Through chongkukjang analysis, vari-
ous amino acids such as alanine, glycine, valine, leucine, isoleucine,
y-aminobutyric acid, serine, threonine, methionine, proline, aspartic
acid, arginine, phenylalanine, glutamic acid, asparagine, lysine, his-
tidine, tyrosine, tryptophan, and B-alanine are found. Also, lactic
acid, oxalic acid, malonic acid, succinic acid, fumaric acid, malic acid,
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tartaric acid, citric acid, itaconic acid, 2-hydroxyglutaric acid, gluconic
acid, and galactaric acid are the major organic acids of chongkuk-
jang. For fatty acids, myristic acid (14:0), palmitic acid (16:0), pal-
mitoleic acid (16:1), stearic acid (18:0), oleic acid (18:1), linoleic acid
(18:2), linolenic acid (18:3), arachidic acid (20:0), and behenic acid
(22:0) are detected in chongkukjang. Especially, tryptophan, citric
acid, f-alanine, itaconic acid, 2-hydroxyglutaric acid, y-aminobutyric
acid, leucine, malic acid, and tartaric acid are the major components
of chongkukjang (Park et al., 2010). The biochemical compositions
of chongkukjang and other soybean products are shown in Table 2.7.

The pH value of chongkukjang is increased from about pH 6.0 to
8.0 during fermentation (Baek et al., 2008; Jeong et al., 2009). Figure
2.30 shows the pH change of chongkukjang during fermentation.
The initial pH was 6.3, which gradually increased as fermentation
proceeded, reaching 8.1 in chongkukjang produced by B. subtilis at
40°C for 72 h. Different pH values reflected different capabilities of
strains to produce metabolites such as ammonia, responsible for the

Table 2.7 Chemical Composition of Soybean and Chongkukjang

PARAMETER SOYBEAN (YELLOW) CHONGKUKJANG
Proximate (g/100 g)
Energy (kcal/100 g) 420 108
Water 9.7 70.7
Protein 36.2 10.2
Fat 17.8 08
Ash 56 34
Carbohydrate 30.7 14.9
Mineral (mg/100 g)
Calcium 245 96
Phosphorus 620 177
Iron 6.5 38
Potassium 1340 602
Sodium 2 961
Vitamin (mg/100 g)
Vitamin B, 0.53 0.15
Vitamin B, 0.28 0.29
Niacin 2.2 15
Vitamin C 0 0

Source: RDA (Rural Development Administration), The Korean Food Composition Table.
8th revision, Rural Development Administration (National Academy of Agricultural
Science), Suwon, 2011.
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Figure 2.30 Changes in pH during chongkukjang preparation using different strains of Bacillus
for 72 h at 40°C. (From Baek, L.M. et al., Korean Journal of Food Science and Technology, 40, 400—
405, 2008.)

pH increase in chongkukjang. The pH values of chongkukjang are in
the same range as reported by others (Bacek et al., 2008).

The maximum proteolytic activity reaches after 12-24 h, and it
remains fairly constant during the remaining period of fermentation.
Degradation of carbohydrate to low-molecular-weight compounds also
occurs due to the fermentation. The major metabolic activity of B. sub-
tilis is the proteolysis of proteins and utilization of released amino acids,
and thus, ammonia is produced. It is responsible for the pH increase
and the unpleasant strong ammonia flavor. The production of ammonia
is a consequence of the utilization of amino acids by the bacteria as
sources of carbon and energy. The typical smell can be controlled as
regulating ammonia production by bacteria (Jeong et al., 2009).

2.1.1.5.4 Usage and Function Bacillus subtilis produces strong pro-
teolytic enzymes, and soybean proteins rapidly undergo partial hydro-
lysis into peptides and even to amino acids and ammonia during the
short fermentation period. This process produces the typical chong-
kukjang flavor, and a strong meaty and sharp smell. It is used for
making chigae, a stew of vegetables, meats, fish, and shellfish, same
as doenjang. Chongkukjang chigae is one of the most favorite menus
in Korea, especially for the aged group. The amount of chongkuk-
jang added to the stew is large enough to supplement protein to the
diet. The strong desire for chongkukjang of elderly Koreans may be
not only the sensory nostalgia, but also the physiological demands for
their better health.
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Recently, scientists have discovered the beneficial physiological
functions of some components produced in chongkukjang. The soy-
bean peptides are inhibiting angiotensin converting enzyme (ACE),
and thus expected to suppress the incidence of high blood pressure.
The mucous substance in chongkukjang is peptido-polysaccharides
produced by B. subtilis and contains enzyme kinase, which has fibri-
nolytic and immunomodulating activities. The isoflavonoids in soy-
bean support estrogen hormone function and relieve the malfunction
of human menopause (Lee, 2004).

It is not surprising to find that fermented soybean products have been
used as medicine in many Asian medicine subscriptions, such as Dong-
eui-bo-gam, a classic of eastern medicine written by Hur Jun in 1611.
Recently, the dried forms of the bacterial fermented soybean, either in
granules, pills, or powder form, are sold as a healthy food in Korea.

2.1.1.5.5 Safety Aspects Chongkukjang is generally considered as a
safe food, which includes sufficient thermal processing for cooking soy-
bean and relatively high temperature (40°C) fermentation. During the
production of chongkukjang the content of free amino acids increases,
and it has the potential to produce biogenic amines. For biogenic
amines to be produced, free amino acids and bacteria containing decar-
boxylase enzymes need to be present together with suitable temperature
and pH. As the microbial spoilage of food may be accompanied by
the increased production of decarboxylases, the presence of biogenic
amines might serve as a useful indicator of food spoilage. For these rea-
sons, it is important to monitor biogenic amine levels in foods. Biogenic
amines in commercial chongkukjang sold in Korea were analyzed, and
the results are given in Table 2.8. Currently, histamine is the only bio-
genic amine for which maximum limits have been set in the European
Union and the United States. The U.S. Food and Drug Administration
(FDA) considers histamine level of 2500 mg/kg in food to be a danger
to health (Shukla et al., 2011). The levels found in the commercial prod-
ucts do not seem to be hazardous for human health.

The possible biological and chemical hazards in chongkukjang manu-
facturing process are presented in Table 2.9. Ten samples of commercial
products were analyzed to detect pathogenic bacteria (Escherichia coli,
Bacillus cereus, Salmonella spp., Staphylococcus aureus, Yersinia enterocolit-
ica, and Listeria monocytogenes) and aflatoxin B; (Lee, 2010). Potential
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Table 2.9 Possible Hazard Components in Chongkukjang

COMPONENT HAZARD
Biological hazard ~ Phathogenic bacteria (Escherichia coli, Bacillus cereus, Bacillus anthracis,
etc.), yeasts, molds
Chemical hazard Aflatoxin, Pesticide residue
Physical hazard Extraneous material
(weed, seed, stem, piece of wood, straw, etc.)

Source: Lee, S.0., A study on the hazard analysis and HACCP system for Chongkookjang manufac-
turing, M.Sc. thesis, Hoseo University, Asan, Korea, 2010.

hazards associated with raw materials, manufacturing process, and work
environment were also analyzed to establish HACCP model. The results
showed that the pathogenic bacteria, except for B. cereus, S. aureus, and
aflatoxin B,, were not detected in the samples. Both pathogenic bacteria
and aflatoxin B, were not detected in raw materials, manufacturing facil-
ity, and work environment; however, general bacteria levels were highly
detected. Therefore, three CCPs (boiling, sterilization, and metal detec-
tion) were selected to secure the safety. As chongkukjang is mainly eaten
boiled rather than raw in Korea, it is likely free of microbial hazards.

2.1.1.6 Thua Nao
Ekachai Chukeatirote

Thua nao (in Thai, “thua” means soybean and “nao” means spoiled)
is an ethnic, fermented soy product of Thailand. In general, thua nao
has been produced on a small-scale basis using traditional method
widely practiced among local communities of Northern Thailand (i.e.,
Chiang Rai, Chiang Mai, and Mae Hong Son). This product, exhib-
iting a distinct smell of ammonia, can be eaten directly or used as an
important ingredient in various local dishes. Thua nao (Figure 2.31a)

Figure 2.31 Appearance of roasted thua nao covered in banana leaves (a) and its dried form,
called thua nao kab (b), as marketed in Chiang Rai. (Courtesy of Pichitchai Nantarat.)
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and Staphylococcus wurneri were found during fermentation (Okuzumi
and Fujii, 2000). Whereas Micrococcus sp. was responsible for the rip-
ening, halophilic Vibrio spp. and Achromobacter spp. were responsible
for spoilage (Zenitani, 1955). Many food poisoning and putrefying
bacteria are unable to grow in shiokara due to its high salt content. For
example, Vibrio parahaemolyticus, the halophilic bacterium grows well
in the conditions of 2%-5% salt, but cannot grow if salt concentration
is more than 10%. Of food poisoning bacteria, many staphylococci are
present in shiokara but S. aureus is not found at all. In traditional shio-
kara, a salt concentration of 10% or more prevents putrefaction, and
the functions of autolytic enzymes proceed to digest the raw material.
At the same time, its characteristic flavor is created. However, because
the growth of putrefying bacteria is not inhibited in low-salt shiokara,
it cannot be laid in for a long period and umami cannot be produced by
ripening. Therefore, the product has to be flavored by seasonings and
its preservability has to be maintained by means other than adding
salt. To this end, it is treated with a combination of low-temperature
storage, adjustment of pH and water activity, improved preservability
through the use of additives, and so on. The final products are closer

to dressed dishes than fermented food (Okuzumi and Fujii, 2000).

3.3 Hongeohoe
Ggot-Im Lee and Cherl-Ho Lee

Hongeohoe is a fermented raw skate that is traditionally eaten in the
southern area of South Korea. Hongeo is a generic name of skate in
Korea. Skates are cartilaginous fish belonging to the family Rajidae
in the superorder Batoidea of rays. Skates live in oceans all over the
world from fresh water to the depth of 3000 m. The history of hon-
geohoe is traced back to the 14th century in Korea. A few documents
of the late Koryo Dynasty recorded that the residents of Heuk-San
Do, an island located far away in the southeastern part of Korea
moved into the mainland (a town named Naju) due to the frequent
foreign invasion. They, however, kept on going out fishing to the sea
near Heuk-San Do because they knew very well about the currents of
the sea and had lots of information of fisheries of that region. Heuk-
San Do was so far away that it took several days for them to sail back
home, and this caused hongeo to be fermented on board. They learned
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Figure 3.2 Skate (hongeo) (a) and hongeohoe (b).

that eating fermented hongeo not only did no harm to their stom-
achs even in hot summer but also its taste was even better than fresh
one. Fermented hongeo (called hongeohoe) has usually been served
uncooked (without any further preparation) with other side dishes
like kimchi or rice wine, called makgeolli (Figure 3.2). Hongeohoe is
a widely loved food and especially essential for the banquets of wed-
ding and mourning nowadays.

3.3.1 Manufacturing Process of Hongeohoe

The traditional making of hongeohoe differs depending on the cli-
mate (Figure 3.3). It is not easy to have hongeo fermented because of
extreme cold weather in winter. Therefore, the people keep hongeo in a

Skate (hongeo)

!
Cleaned with paper

!

Separated viscera from the body

|
Cleaned with paper

' !

Put it within straw (in warm climate) Put it in an earthen jar
or within compost (in cold climate) or refrigerator for 7—8 days

|

Hongeohoe

Figure 3.3 Manufacturing process of hongeohoe.
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compost pile to make it fermented. They, on the other hand, make hon-
geo fermented in a stack of straws, which maintains warmth. However,
for the sake of safety control and constant quality, refrigerators or low-
temperature chambers are presently used for the fermentation process.

3.3.2 Chemical Composition and Physiological Function

Proximate composition of hongeohoe according to their fermentation
temperature (4°C, 10°C, and 20°C) and fermentation period was ana-
lyzed (Choi et al., 2003). The crude protein, crude lipid, and crude ash
content using freeze-dried samples were 86%—-88%, 2.3%—2.7%, and
9.6%—11.3%, respectively, when it was fermented at 20°C for 6 days,
and they did not show any big difference between fermentation period
(days). The protein and lipid contents did not show significant change
in proximate composition according to fermentation temperature and
period. However, ash content was increased from 9.6% up to 11.3%
over time, resulting from the loss of extracts (Table 3.1). These results
are consistent with those from skate skin. The moisture, protein, lipid,
and ash content of fresh and fermented skate skin were studied (Cho
et al., 2004). Fresh and fermented skate skin contained moisture con-
tent of each 76.0% and 74.5%, protein content of 22.7% and 21.8%,
lipid content of 0.5% and 0.7%, and ash content of 0.6% and 0.9%,
respectively. The predominant minerals were potassium and phospho-
rus (53.5 and 33.0 mg/100 g in fresh skin and 10.46 and 10.5 mg/100 g
fermented skin, respectively). Amino acid concentrations were lower
in the fermented skin compared with the fresh skin. Histidine, gly-
cine, alanine, and glutamic acid were the major free amino acids
in both skins. Palmitic acid was the major fatty acid in both fresh

(16.68%) and fermented (20.38%) skate skin.

Table 3.1 Changes in Proximate Composition during Fermentation of Hongeo

AFTER FERMENTATION
PARAMETER BEFORE FERMENTATION (AT 20°C FOR 6 DAYS)
Crude protein (g/100 g) 88.09 = 2.68 86.04 £ 6.11
Crude lipid (g/100 g) 2.29+0.03 272 +1.06
Crude ash (g/100 g) 9.55+0.24 11.31 +0.80
pH 6.30 8.93

Source: Choi, M.R. et al., Korean Journal of Life Science 13: 675-683, 2003.
Note: Values are mean = SD.
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Hongeo has plenty of functional peptides that affect antihyper-
tension (Lim, 2003). Antimicrobial property of the peptide, keno-
jeinin I, has been proven against Bacillus subtilis, Escherichia coli, and
Saccharomyces cerevisiae (Cho et al., 2005). The increased taurine con-
tent during fermentation was known to prevent the accumulation of
cholesterol. Liver oil, especially, contains a large amount of w-3 fatty
acids such as eicosapentaenoic acid (EPA) and docosahexaenoic acid
(DHA), which reduce low-density lipoproteins (LDL)-cholesterol
and increase high-density lipoproteins (HDL)-cholesterol (Nam
and Lee, 1999). Furthermore, anticancer and antibacterial activities
increased with the progress of fermentation (Choi et al., 2003).

3.3.3 Microbial and Chemical Changes

Microbial and chemical properties of hongeo change significantly
during fermentation. Especially, hongeohoe, which has finished fer-
mentation, has a strong ammoniacal odor. The unique taste and odor
of hongeohoe come from the nitrogenous compounds such as ammo-
nia, urea, and trimethylamine, which are essential for osmoregulation
in the deep sea. Ammonium concentration of fermented skate col-
lected from Korean market ranges from 4.4 to 14.1 mg/g (Lee et al,,
2008). Another study showed a similar result that ammonia concen-
tration in skate extracting solutions was not detected before fermenta-
tion, but increased to 14.2 mg/ml on day 8 at 10°C (Choi et al., 2003).
Due to the ammonia, the pH value of hongeohoe, which is less than
7 before fermentation goes up to 9.4 after fermentation, which shows
that hongeohoe is one of the AFFs (Lee et al., 2008). The ammo-
nia that is produced during the fermentation process neutralizes the
stomach acid and inhibits bacterial growth (Cho and Kim, 2008).
'The major microflora in the both fresh and fermented skin includes
Photobacterium sp. (2.4 x 10* cfu/g) and Vibrio sp. (7.7 x 107 cfu/g).
These bacteria inhabit on the skate skin are known to promote fer-
mentation (Cho et al., 2004).

3.3.4 Safety Aspects and HACCP

The research on safety aspects including a risk factor was carried as
an R&D project under Korea Food and Drug Administration in
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2006 (Kim, 2006). From the fields such as manufacturing process,
on-site supervision, and shelf-life study to laboratory tests, all differ-
ent aspects using 17 fermented skate samples were tested. Escherichia
coli and Staphylococcus aureus were detected in one and two samples,
respectively, out of 17 samples. It occurred in the sample contaminated
with §. aureus when the catering cook used the same gloves in vari-
ous jobs. To examine shelf life, samples were stored at 4°C and 10°C,
and then changes of total plate counts, volatile basic nitrogen (VBN),
pH, and ammonia concentration were examined. The pH ranged from
6.72 to 9.43, and VBN values were significantly different between
samples (12.61-621.91 mg/100 g). The ammonia concentration was
5.2-14.8 mg/g. During the storage period, VBN values showed severe
changes depending on the temperature. The VBN value increased to
500 mg/100 g at 10°C after 7 days of fermentation, but it increased
to 200 mg/100 g at 4°C during the same period. Most of all, storage
temperature plays a key role in above the safety factor, and thus it is
suggested to be kept below 4°C.

3.3.5 Conclusion

Critical control point (CCP) at which controls can be applied might
exist in the storage and distribution process of fermented skates.
As hongeohoe is eaten raw without heating process, pathogens can
be a major control point in the defrosting, washing, caring for fish
offal, fermentation process (container and temperature), packaging,
and storage temperature. However, as long as hongeo is properly fer-
mented, it is generally as safe as other AFFs.

3.4 Pidan

Soottawat Benjakul and Palanivel Ganesan

Pidan, or “century egg,” also known as “alkaline egg,” “preserved egg,”
“hundred-year egg,” and “thousand-year-old egg,” is a Chinese cui-
sine ingredient made by preserving duck, chicken, or quail eggs in
a mixture of clay, ash, salt, lime, and rice straw for several weeks to
several months depending on the method of processing (Wang and
Fung, 1996). The formation of pidan is mainly caused by the penetra-
tion of alkali through the egg shell and membrane, leading to several



o

SAFETY ASPECTS
OF ALKALINE-
FERMENTED FooDs

Ggot-Im Lee and Cherl-Ho Lee

6.1 Alkaline-Fermented Foods Are Generally Safe
Alkaline-fermented foods (AFFs) are less known and studied than

alcohol fermentation and acid fermentation even though they are
widely consumed in various regions of the world. These foods have
been good diet sources for many people who have difficulty in access-
ing to enough food and proper storage facilities.

AFF refers to the food containing alkaline substances that are formed
during the fermentation process. For instance, fermented legume seeds
and fish, which contain abundant amount of protein, are AFFs. Korean
chongkukjang and doenjang, Japanese natto, Chinese douchi, Thai
thua nao, and Nepalese and Indian kinema, which are all made from
soybean, belong to this class of fermented foods. Nigerian dawadawa,
Ivory Coast soumbara (alternatively soumbala), and Beninese iru,
sonru, and afitin are made from locust bean (Parkia biglobosa (Jacq.)
G.Don), and they are also AFFs. Other AFFs include Nigerian ogiri
made by fermenting melon (Citrullus lanatis (Thunb.) Matsum. &
Nakai) seeds, ogiri-ugbo from castor bean (Ricinus communis L.) seeds,
ogiri-nwan from fluted pumpkin (7¢/fairia occidentalis Hook f.) seeds,
and ugba made from African oil bean (Pentaclethra macrophylla Benth.),
Burkina Faso maari from baobab (Adansonia digitata L.) seeds, and
Sierra Leone ogiri-saro from the sesame seed (Sesamum indicum L.).
A typical alkaline fermentation using fish is Korean hongeohoe made
from flat fish, the skate (Steinkraus, 1997; Lee et al., 2008).

The essential and main microorganisms responsible for mak-
ing AFFs are Bacillus subtifis and related bacilli. The organisms are

399



400 FOODS INVOLVING ALKALINE FERMENTATION

highly proteolytic, so that the proteins are hydrolyzed to peptides and
amino acids. For example, the concentration of free amino acids of
dawadawa indicates around 2.4 mg/g before fermentation; however,
it surprisingly goes up to around 84.3 mg/g after 72 h of fermenta-
tion (Omafuvbe et al., 2000). Ammonia concentration of thua nao is
0.5 g/kg before fermentation, but it increases to 5.0 g/kg at 72 h of
fermentation (Leejeerajumnean, 2000). The released ammonia trig-
gers the rapid pH increase of as high as 8.0 or higher. This makes the
products keep quite stable and well-preserved even though they are
often manufactured in an unhygienic environment.

These foods contain large amounts of ammonia and amino acids,
which are formed by the strong proteolytic activity of the indigenous
enzymes and microorganisms. The released ammonia causes a strong
smell and contributes to the typical taste of the AFF. Unlike other
fermented foods, such as acid and alcoholic fermented foods that con-
tain strong antimicrobial substances formed during the fermentation,
AFFs do not have enough protective agents against harmful micro-
organisms. Furthermore, alkaline fermentation of protein-rich sub-
strates can produce biogenic amines and other hazardous compounds.
However, well-made traditional AFFs are safe and have been widely
consumed, especially in Asia and Africa, as condiments and favorite
traditional foods.

A number of researches support that AFFs are safe, although they
are usually produced and consumed in developing countries where
hygienic measures are not properly practiced. It indicates that AFFs
use their own protective systems during the fermentation process.
Several mechanisms of how they work will be explained below.

6.1.1 Initial Thermal Treatment

Most of the AFFs are made from beans and seeds, which have hard
seed coats. Therefore, raw materials first need to be soaked in water
and boiled for a long time so that the seed coat can be softened before
fermentation. This process may take more than 12 h depending on
the condition and the kind of the material. Soaking and boiling steps
prior to the fermentation help removing the anti-nutritional factors of
plant materials such as trypsin inhibitor, hemagglutinin, phytic acid,
and also other harmful microorganisms (Khokhar and Chauhan,
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1986; Egounlety and Aworh, 2003). For instance, locust beans con-
tain highly toxic substances such as oxalic acid, phytic acid, and cyan-
hydric acid. However, they disappear during the fermentation process
(Parkouda et al., 2009).

The boiling process is quite important for setting up a good envi-
ronment for fermentation. It makes the fermentation environment
favorable to useful microorganisms while keeping biological hazards
away from the whole fermentation step. Most of non-spore-forming
pathogenic bacteria are killed during the boiling process, although
some spore-forming bacteria, mainly Baci/lus spp., survive. Table
6.1 shows an example of bacterial occurrence through all steps of
iru production. Most microorganisms, except Staphylococcus epider-
midis, are present in the raw locust beans. However, pathogenic
microorganisms, except Fusarium sp., are all gone after initial boil-
ing step (Olayinka and Omobayonle, 2006). After dehulling with
the boiled beans, potential pathogens, except Clostridium sp., dis-
appear during the second boiling step. In the case of hongeohoe,
which does not have a cooking process, raw fish is mixed with ash
or buried in the ash pile, by which alkaline environment is made
at the initial stage of fermentation process (Kim, 2006). The pH
reaches the degree of up to 9.4 when the fermentation is completed

(Lee et al., 2008).

6.1.2 Growth of Bacillus subtilis

The surviving microorganisms after cooking, mainly Bacillus spp.,
grow rapidly in the system because of their thermophilic nature, of
which the optimal growth temperature is around 40°C, and become
the dominant flora. Among the Bacillus spp., B. subtilis is known
to be the most dominant organism for AFFs such as chongkuk-
jang, natto, kinema, soumbara, dawadawa, iru, and sonru (Sarkar
et al., 2002; Azokpota et al., 2006). Bacillus subtilis grows signifi-
cantly during the fermentation process (Sarkar and Tamang, 1995;
Parkouda et al., 2010).

Several reports demonstrated the ability of B. subtilis to produce
metabolites that inhibit the growth of pathogenic bacteria (N’dir et
al., 1994; Guo et al., 2006). During kinema production, B. subtilis
appeared to have the ability to reduce the growth of Bacillus cereus
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and to prevent it from producing enterotoxin (Nout et al., 1998).
Therefore, the strains of B. subtilis have been used as a good starter
for the controlled production of natto and kinema (Sarkar et al., 1993;
Owens et al., 1997).

Table 6.2 shows that B. subtilis and Bacillus pumilus, isolated
from soumbala, inhibit both Gram-positive and Gram-negative
bacteria including Micrococcus luteus, Staphylococcus aureus, B.
cereus, Enterococcus faecium, Listeria monocytogenes, Escherichia coli,
Salmonella typhimurium, Shigella dysenteriae, Yersinia enterocolitica,
as well as ochratoxigenic molds such as Aspergillus ochraceus (Ouoba
et al., 2007).

‘The Bacillus species not only have an antibiotic effect, especially
B. subtilis, but they also produce strong proteolyic enzymes that
hydrolyze the protein in the beans and seeds into peptides and
amino acids and finally into ammonia. The combination of high pH
and high concentration of free ammonia, along with rapid growth
of B. subtilis in the high temperature condition (above 40°C),
makes it very difficult for other pathogenic microorganisms to grow

(Steinkraus, 1997).

Table 6.2 Inhibition of Pathogenic Bacteria after 24 h by Bacillus spp. Isolated from Soumbala

B. subtilis STRAIN B. pumilus STRAIN
TARGET BACTERIUM B7 B9 B15 B6 B10
Micrococcus luteus Al ++ + + + +
Bacillus cereus A4 + - 4 - -
Bacillus cereus A10 ++ ++ + ++ ++
Staphylococcus aureus All — - + + +
Staphylococcus aureus Al12 ++(p) - e & +
Enterococcus faecium A19 - - = 4 i
Listeria monocytogenes A18 ek + + + +
Escherichia coli A13 Aot - +(p) — ++(p)
Salmonella enteritidis A14 + - = — _
Salmonella typhimurium A15 e - + - &
Shigella flexneri A16 + - = - —
Shigella dysenteriae Al7 ++ - + = st
Yersinia enterocolitica A21 ++(p) - ++ - +

Source: Quoba, L.I.I. et al., Journal of Applied Microbiology, 102, 963-970, 2007.
Note: —, No inhibition (<1 mm); +, inhibition 1—<3 mm; ++, inhibition 3—5 mm; +++, inhibition
>5 mm; p, partial (inhibition zone not totally clear).
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—¢= Chongkukjang
—#- Thua nao
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Figure 6.1 The pH change of several alkaline-fermented foods. (From Odunfa, S.A., Journal of
Food Science, 50, 1758-1759, 1985; Chukeatirote, E. et al., Research Journal of Microbiology, 1,
38-44, 2006; Ann, Y.G., Korean Journal of Food and Nutrition, 24, 124-131, 2011.)

6.1.3 pH Change

The increase in pH during fermentation plays a key role in the safety
aspects of AFFs. The pH before fermentation begins at 6.0-7.0, and
it reaches 7.5-9.0 at the final stage of fermentation. Most AFFs such
as chongkukjang, thua nao, kinema, and ogiri show rapid pH changes
until 48 h of fermentation, and then they become stable around 8.0
(Figure 6.1). This is a quite fast and vigorous fermentation that it can

Table 6.3 Approximate pH Tolerance of Some Microorganisms

pH TOLERANCE

ORGANISMS MINIMUM MAXIMUM
Escherichia coli 4.4 9.0
Salmonella typhi 45 8.0
Campylobacter jejuni 2.3and 5.8 -
Shigella sp. 45 8.0
Streptococcus lactis 43-4.8 -
Lactobacillus sp. 3.0 1.2
Yeasts 1.5 8.0-8.5
Molds 1.5-2.0 11.0

Source: Blaser, M.J. et al., Journal of Clinical Microbiology, 11, 309-313, 1980; Gill, C.0.,
and Harris, L.M., Applied and Environmental Microbiology, 44, 259-263, 1982; Jay,
J.M., Modern Food Microbiology, 3rd ed., Van Nostrand Reinhold, New York, 1986.
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be completed in 2-3 days (Odunfa, 1985; Chukeatirote et al., 2006;
Ann, 2011).

Many of the pathogenic and spoilage microorganisms are inhibited
by the higher pH over 8.0. Table 6.3 shows that Sa/monella typhi and

Shigella sp. cannot grow at the degree of pH over 8.0 and E. co/i at over
9.0 (Mensah, 1997).

6.1.4 Cooking Process

Most of the AFFs are consumed as forms of soups or condiments
through the cooking process. Boiling or stewing is normally applied
for the preparation of these kinds of meal. Thanks to this heat treat-
ment; the pathogenic microorganisms that possibly contaminated
during and after fermentation or storage can be removed. This is
how indigenous AFFs have been consumed relatively safely in Asia

and Africa.

6.2 Hazards in Alkaline-Fermented Foods

AFFs have beneficial effects and can be considered safe as mentioned
above. However, safety issues can be raised, although it appears to be
not only the problem of AFFs but also that of all types of traditional
fermented foods. The hazards occurring in AFFs can be divided
into two groups, namely microbiological and chemical. The possible
microbiological hazards include B. cereus contamination and myco-
toxin in raw materials. The chemical hazards include the formation
of biogenic amines during the fermentation and contamination of
pesticides in raw materials. These safety issues are discussed in more
detail below.

6.2.1 Microbiological Hazards

6.2.1.1 Bacillus cereus  Although the initial step of alkaline fermen-
tation includes a long cooking process, some hazardous spore-forming
bacteria like B. cereus can survive if the raw material is heavily con-
taminated with these bacteria. It has been reported that B. cereus
exists in various AFFs like iru, ogiri (10 cfu/g; Oguntoyinbo and
Oni, 2004), and chongkukjang (10°-° cfu/g; Oguntoyinbo and Oni,
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2004; Lee, 2010). Pathogens found in fermented foods mainly come
from the raw materials, handlers, or poor kitchen utensils. This bac-
terium is known to produce emetic toxin (cereulide) and enterotox-
ins that cause vomiting and diarrhea (Granum, 2001; Ehling-Schulz
et al., 2004; Ouoba et al., 2008). Therefore, it is important to avoid
cereulide production in foods because cereulide, unlike enterotox-
ins, is heat-stable in a wide range of pH (2-11), and is not degraded
by the digestive enzymes like pepsin and trypsin (Shinagawa et al.,
1995, 1996). However, it was reported that cereulide production of
an emetic B. cereus isolated from sonru appeared to be dependent on
the fermentation temperature as being strongly inhibited at 40°C
(Parkouda et al., 2009).

Bacillus subtilis has been regarded as a dominant microorganism
for ugba production. However, B. cereus, rather than B. subtilis, has
been recently reported to be the dominant strain in the production
of this food (Sanni et al., 2002; Ahaotu et al., 2013). All the B. cereus
strains isolated from ugba-expressed enterotoxin genes, but no genes
encoding cereulide were detected (Ahaotu et al., 2013). Consumption
of foods contaminated with B. cereus does not always cause diarrhea
or vomiting. However, it should be well cooked for a suitable period
of time to prevent the risk of enterotoxins from ugba. In addition,
an investigation regarding toxin production by Bacillus spp., other
than B. cereus, noticed that some strains of B. subtilis, B. pumilus,
and Bacillus fusiformis can produce either cytotoxins or ring-formed
emetic toxins. Therefore, special care is also required to select strains
for starter culture even though Baci/lus spp. related to AFFs does not
show pathogenic activities (From et al., 2005).

6.2.1.2 Other Potential Pathogens Apart from B. cereus, the presence of
other potential pathogenic microorganisms like Staphylococcus spp.,
E. coli, Salmonella spp., Shigella spp., Clostridium spp., and Staphylococcus
spp. were found in iru and chongkukjang (Azokpota et al., 2006;
Lee, 2010). Bacillus cereus, Enterobacteriaceae, and coliform bacteria
were detected over 10* cfu/g in kinema. Salmonella was detected in
papad, legume-based popular fermented foods in India (Roy et al.,
2007). It was reported that Szaphylococcus sciuri involves in the fer-
mentation of baobab seeds to produce maari (Parkouda et al., 2010).
Staphylococcus sciuri is well known as a highly pathogenic bacterial
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species responsible for endocarditis, peritonitis, septic shock, uri-
nary tract infection, endophthalmitis, pelvic inflammatory disease,
and most wound infections (Daki¢ et al., 2005). Recently, people are
more interested in the capacity of this species to carry antimicrobial
resistance determinants. Further investigation is required to illumi-
nate the exact role of pathogenic microorganisms mentioned above,
because the presence of microorganims itself does not mean expres-
sion of toxin substances. AFFs, especially, have several inhibitory sys-
tems to suppress gene-encoding toxins.

6.2.1.3 Mycotoxins Mycotoxins are toxic secondary metabolites
produced by fungal contamination, which is a very hazardous fac-
tor causing diseases including cancer. Most of the AFFs are made in
warm and humid areas such as Africa and Asia using seeds and beans,
which are high-protein foods. These conditions may cause molds to
grow quickly and amplify the chance of mold contamination, and the
handling and storage of fermented foods accordingly should be pro-
cessed with care. Contamination of mold on grains during storage
and transportation is liable to be migrated rapidly to another country
due to the increasing world trade. For this reason, many international
agencies are trying to set up universal standard limits for mycotoxins.

There are two possible sources of mycotoxin contamination:
(1) toxin from the contaminated cereals and beans themselves and
(2) toxin produced by the mold contaminated during fermentation
(Lee and Lee, 2002). Table 6.4 summarizes mycotoxins, origins of
tungi, and related symptoms (Bullerman, 1986).

Aflatoxins are one of the representative mycotoxins produced
by Aspergillus flavus and Aspergillus parasiticus, and they have four
types called By, B,, Gy, and G,. Aspergillus flavus is the most com-
mon contaminant in agricultural products. Fusarium, Alternaria, and
Acremonium species are typical parasites that exist on roots and stems
of plants and produce zearalenone, alternaria, and tremorgenic toxins
(Betina et al., 1984).

The traditional fermentation starters used in Asia and Africa have
a high risk of mycotoxin contamination because natural fermenta-
tion environment of cereals and beans often leaves foods exposed to
numerous kinds of molds. Penicillium and Aspergillus are the major
fungi related to the toxin production on various foods, which often
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Table 6.4 Mycotoxins Produced by Fungi

FOODS INVOLVING ALKALINE FERMENTATION

TOXIN
Aflatoxin

Zearalenones
Vomitoxin
T-2 toxin

Trichothecenes

Fumonisins

Orchatoxins

Sterigmatocystin

PRODUCER FUNGI

Aspergillus flavus, Aspergillus
parasiticus, Aspergillus nomius

Fusarium roseum, Other
Fusarium spp.
Fusarium spp.

Pink Fusarium spp.

Fusarium spp.

Fusarium moniliforme

Aspergillus spp., Penicillium
spp.
Aspergillus versicolor, Other

SYMPTOMS

Hepatotoxic, hepatocarcinogenic,
mutagenic, teratogenic

Estrogenic, infertility in cattle/swine/
poultry

Weight loss in most livestock, feed
refusal, vomiting, immunosuppression

Feed refusal, vomiting, nervous system
dysfunction, immunosuppression

Gastrointestinal tract hemorrhaging,
alimentary toxic aleukia, feed rejection,
vomiting, immunotoxicity

Esophageal carcinogenic in human
(ELEM) in equines, hepatocarcinogenic
in rats

Nephrotoxic, teratogenic, immunotoxic,
suspected carcinogen

Hepatotoxic, hepatocarcinogenic

Aspergillus spp.

Citrinin Aspergilllus spp., Penicillium Nephrotoxic
spp.

Rubratoxin Penicillium spp. Hepatotoxic

Source: Bullerman, L.B., Food Technology, 40, 59-66, 1986.

grow during storage and natural fermentation. Penicillum glandi-
cola produces ochratoxin A on cereals containing over 19% mois-
ture, Penicillium expansum produces patulin on apples and pear, and
Penicillium rogueforti produces citrinin on blue cheese (Lee and Lee,
2002). Aspergillus flavus and A. parasiticus produce aflatoxin B and
G on corn, peanut, and rice, and 4. ochraceus produces ochratoxin.
Aspergillus flavus can also produce mycotoxin cyclopiazonic acid.

It is an unavoidable problem that AFFs are contaminated with
mycotoxin. The aflatoxin was detected at the level of 0.20 pg/g in
melon seeds sold in the markets of Nigeria (Ekundayo and Idzi,
1990). Three mold species, Rhizopus stolonifer, Aspergillus fumigatus,
and Triscelophorus monosporus, were found in ogiri sold in the local
markets (Ijabadeniyi, 2007). A report showed that R. sfolonifer and
other Rhizopus isolates have powerful (>95%) detoxification activity
of ochratoxin A in 16 days, assuming that RAizopus sp. have a role
of suppressing mycotoxins during fermentation (Varga et al., 2005).
However, A. fumigatus is well known to produce cytotoxic mycotoxin
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and gliotoxin in marine conditions and to cause more than 80% of
aspergillosis (Gareis and Wernery, 1994). Triscelophorus monosporus is
known to be related to iru production (Evans et al., 2013).

The incidence of aflatoxin B, in ogiri was examined using TLC
(thin layer chromatography) in Nigeria in 2005 and 2006. The results
showed that 25% of the total samples were contaminated with afla-
toxin B;. The mean values of aflatoxin B, indicated 8.9 and 9.0 pg/kg
in 2005 and 2006, respectively (Bankole et al., 2010). The range
of contamination varied from 2 to 13 pg/kg in 2005 and from 4.1
to 14.3 pg/kg in 2006. Another result reported in 2004 showed a
small increase in aflatoxin levels in melon seeds: 14.8 pg/kg in the
forest and 11.3 pg/kg in the savanna regions (Bankole et al., 2004).
This difference may be due to different processing manuals. None of
the samples had more than 20 pg/kg, which is within the Nigerian
foods standard, but daily total dose should be considered.

Numerous studies have been carried out to control the mycotoxin
contamination in fermented soybean products in Korea. It has been
proven that aflatoxins (B; and G;) decreased to 80%—90% after 2 months
of fermentation and to 100% after 3 months of fermentation when the
target mold was introduced into the meju, a fermented soybean loaf,
which is used for doenjang preparation (Park et al., 2003). Indeed, the
doenjang samples were collected from various markets to detect afla-
toxin levels by ELISA (enzyme-linked immunosorbent assay)/HPLC
(high-performance liquid chromatography). 'The results showed that
aflatoxin levels were not detected in any of the samples. Another
analysis was conducted using 10 commercial samples of chongkuk-
jang (Lee, 2010). There also aflatoxin could not be detected in any of
the samples. Previous report performed in 2004-2005 showed that
the aflatoxin B; was detected (0.05-0.17 pg/kg) in 13 of 56 samples
of doenjang (Chun et al., 2006). They were under the permitted level
(10 pg/kg) of Korea Foods Standards (Table 6.5). Although those
are within the safe levels, well-controlled manufacturing process
and proper management practices (including cultivating and storage
technology) are important to minimize contamination of mycotoxin,
including aflatoxin and ochratoxin, in every stage of production (Lee
et al., 2012). Table 6.5 shows the different standards limits for myco-
toxin. According to foods consumed frequently in each country, the
food standards for mycotoxins are determined.
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Table 6.5 Regulation Levels of Mycotoxin Applied in Different Countries (pg/kg)

AUSTRALIA

AND NEW
MYCOTOXINS ~ CODEX USA CANADA JAPAN  ZEALAND EU KOREA
Aflatoxin B1 - - - 10 - 0.1-8 10
Aflatoxins 10-15 20 15 - 15 4-15 15
Aflatoxin M1 0.5 0.5 - - - 0.025-0.05 05
Ochratoxin A 5 - - - - 0.5-10 5-20
Deoxynivalenol - 1000 2000 1100 - 200-1750  1000-2000
Zearalenone - - - - - 20-400  200-1000
Patulin 50 - - 50 50 10-50 50
Fumonisins - 2000-3000 - - - 200-4000 1000-

4000

Ergot - - - - 500,000 - -

Source: Oh, S.S., Strategy for the advancement of risk evaluation on food contaminants. National
Institute of Food and Drug Safety Evaluation (Korea NIFDS) research report, 2011.

Several factors can be considered in degrading aflatoxins during
fermentation. It was reported that NH; produced during the fermen-
tation, light, microbial competitions with Bacillus spp., and addition of
charcoal or vitamin C contribute to reducing aflatoxins from soybean
products. Furthermore, it was found that increasing concentrations of
CO, or N, suppress the formation and growth of aflatoxin producers,
and it is because aflatoxin-producing molds are aerobic organisms,
requiring O,. The most important is to suppress aflatoxin producers
during the fermentation process because it is hard to remove aflatoxin
even by heating. Therefore, it was suggested that storage temperature
should be kept at 0°C-7.5°C, as optimum temperature for aflatoxin
production is 25°C-30°C. For this reason, food industries in Korea
are launching the refrigerated soybean produce system to enhance
safety. Current refrigerated soybean paste takes about 16% of the
entire brand. It was also reported that this method removes off-flavor
and improves taste.

6.2.2 Chemical Hazards: Biogenic Amines

Biogenic amines are biologically active amines that are formed by
microbial decarboxylation of amino acids. They are frequently found

in fish and fish products, alcohols, dairy products, and fermented
foods (BIOHAZ, 2011). Biogenic amines are naturally produced in
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the human body and are related to various biological activities such
as synaptic transmission, blood pressure control, allergy response, and
cellular growth control. Nonetheless, biogenic amines are regarded
as toxic substances that cause diseases and food poisoning when their
levels in the body reach a critical threshold (Ladero et al., 2010).
Common symptoms of intoxication of biogenic amines are headache,
sweating, burning nasal secretion, facial flushing, red rashes, nausea,
dizziness, itching, diarrhea, blood pressure disorders, neurological
disorders, vomiting, and carcinogenic effects (Rice et al., 1976).

Amino acid decarboxylases convert amino acids to amines, and
microorganisms that have amino acid decarboxylases are respon-
sible for the formation of biogenic amines in foods (Beutling,
1996). It has been reported that decarboxylase activity is found in
some microbial groups: Bacillus, Citrobacter, Clostridium, Klebsiella,
Escherichia, Proteus, Pseudomonas, Salmonella, Shigella, Photobacterium,
Lactobacillus, Pediococcus, and Streprococcus (Rice et al., 1976; Ten Brink
et al., 1990). Amino acid decarboxylation takes place by removing a
carboxyl group from amino acid, forming the corresponding amine.
The important biogenic amines found frequently in food are hista-
mine (2-(1H-imidazol-4-yl)ethanamine), tyramine (4-(2-aminoethyl)
phenol), putrescine (butane-1,4-diamine), cadaverine (1,5-diamino-
pentane), and phenylethylamine (2-phenyl-2-ethanamine), which
are products of the decarboxylation of histidine, tyrosine, ornithine,
lysine, and phenylalanine, respectively. Putrescine can also be formed
by the deimination of agmatine (1-(4-aminobutyl)guanidine — decar-
boxylation product of arginine). The precursors of the main biogenic
amines are described in Table 6.6.

Occurrences of biogenic amines have been reported in AFFs such
as natto, chongkukjang, and doenjang (Cho et al., 2006; Tsai et al.,
2007a, 2007b; Kim et al., 2012). Contents of biogenic amines in dif-
ferent fermented soybean products are listed in Table 6.7.

Shalaby (1996) reported that miso contained high levels of histamine
(4620 mg/kg), putrescine (12,340 mg/kg), cadverine (6340 mg/kg),
and tyramine (35,680 mg/kg). Cho et al. (2006) reported that the
levels of histamine, tyramine, and putrescine in traditional Korean
doenjang were as high as 596.4, 669.5, and 462.6 mg/kg, respectively.
Another study examined using four traditional doenjang and six com-
mercial doenjang showed similar results that the content of putrescine
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Table 6.6 Main Biogenic Amines and Their Precursors

COMPOUND
NAME
Agmatine

Tryptamine

2-Phenylethyl
amine

Putrescine

Cadaverine

Histamine

Tyramine

Spermidine

Spermine

MOLECULAR
PRECURSOR STRUCTURE WEIGHT
NH O NH 130.2
HZN}'\/\/Y"\ HN s~ g,
. NH, i
Arginine
NH, 160.2
O @7/\/
I OH N
HN H,N H
Tryptophan
o} NH, 121.2
. ©/\/
NH,
Phenylalanine
a A s e Ny 88.2
H,yN
HZN/\/YJ\OH
Ornithine NH,
0 NN 202.2
HzN\M)k Ho By
OH
NH
Lysine ’
H 0 H 111.0
N N NH,
< [ OH <\
N H,N N
Histidine
OH /@/\,NHZ 137.3
: HO
. 0]
Tyrosine
NH 0 H NH 1453
w HZN/\/\/ N2
H,N
- NH,
Arginine
NH 0 H 348.1
J\/\/\(U\ HANSANSASAN AUNH,
H,N : H
- NH,
Arginine

Source: Shukla, S. et al., Soybean and Health, ed. H. EI-Shemy, pp. 181-206, InTech, Rijeka, Croatia,

2011.



413

SAFETY ASPECTS OF AFFs

"T10¢ "eneos) ‘exalty ‘yaau| ‘90z—181 "dd ‘AwsysS-13 °H 'pa ‘yieay pue ueaghos -

"pa1oalep Jou ‘N “ejoN

B39 °S ‘BINYS Wol} PALHPOY ‘8205

(¢102) L'6EE
‘e Je wy 062
(£002)
11 es| 0y
915
075
LS
L
(900¢)
Te18.04) 961
(9661)
Aqereys -

JONIYI4IY  INIAINY3LS  ININY3S

GGy
aN

G°GI
L01
¢

8'¢¢
an
an
0°L1
0'¢e
vy
g9

L'yve

ANINVTAHLITANIHd  INIYIAYAYD  3NIOSIHLN

€01
G0
6'1¢
I¢l
L6
0¢
(€
R

0v€9

08

97T
T'LT
¢0T
7'9¢
861
79y
929y

0vE'ZT

9¢
1'Gy
7'Ge
01
101
60
9°€8
7964
029y
ANIAYLSIH

A
an
I'6

0°GE

669

9¢¢

e

G601

ININVLIdAYL

WA
aN
A

189

geel

987

0°€el
G699

089'GE
ANINVYAL

(esaueder) oneN
(uemief) oyeN

(esaueder) oneN

Japmod Suelynysduoyy

guelnysuoys

0SIN
(9dfy

Liapow — uealoy) sueluaoq
(adfy

|euol}ipeJi — uealoy) uelusoq

(@15ed UBAQA0S Bsaueder) oSI
aoo4

(8y/8wW) s1onpoid ueaqhog pajuaLLIay JUBISIQ Ul Saulwy JuaSolg Jo SluLU0) /79 3|qeL



414 FOODS INVOLVING ALKALINE FERMENTATION

(29-1077 mg/kg) and tyramine (13-968 mg/kg) exhibited high val-
ues compared with those of other biogenic amines (Lee et al., 2009).
According to the results of a comparison between traditional doen-
jang and commercial doenjang, the levels of biogenic amines in com-
mercial doenjang were significantly reduced to 83.6 mg/kg (histamine),
133.0 mg/kg (tyramine), and 46.4 mg/kg (putrescine) (Cho et al., 2006).
The differences in the contents of biogenic amines between the tradi-
tional doenjang and the commercial doenjang could be attributed to
the variation of target starter and fermentation conditions. Tsai et al.
(2007b) tested the biogenic amine levels in seven samples of soybean and
19 samples of black bean douchi. The Chinese ferment black beans used
for condiments, which are sold in Taiwan. The test found that four of the
soybean douchi samples had high histamine levels (563-808 mg/kg).
They are greater than 500 mg/kg, a toxic level to humans. Natto showed
particularly high levels of spermidine (339.7 mg/kg) among other bio-
genic amines (Kim et al., 2012).

The variability and high deviation of biogenic amine levels in the
same/similar products are characteristic of all kinds of fermented
foods. This means that it is not easy to control fermentation envi-
ronment such as NaCl concentration, temperature, moisture content,
additives, microorganisms including starters, and the environment
related to the production of biogenic amines. Nonetheless, there is
no doubt that it is important to reduce biogenic amine contents in
fermented foods. Several studies suggested that addition of garlic and
glycine can suppress amino acid decarboxylase activity in fish sauce.
For example, the contents of cadaverine and tyramine were reduced
by up to 18.4% and 30.9%, respectively, in the culture treated by gar-
lic extract (Mah et al., 2009). The glycine has the greatest inhibitory
activities on biogenic amine production. The contents of putrescine,
cadaverine, histamine, tyramine, and spermidine were reduced by
32.6%, 78.4%, 93.2%, 100%, and 100%, respectively, compared with
control (Mah and Hwang, 2009).

'There are different regulatorylimits for biogenic amines by food type.
The upper limits of histamine and tyramine in foods were set at 100 and
100-800 mg/kg, respectively. The 30 mg/kg of p-phenylethylamine
has been reported to be a toxic dose in food. Total biogenic amine
levels of 1000 mg/kg in food are considered harmful to human health
(Taylor and Eitenmiller, 1986; Ten Brink et al., 1990).
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6.3 Control of Hazards

The AFFs in Korea and Japan are highly commercialized, and indus-
trial quality control systems are well established. On the other hand,
many of the African AFFs are still produced at the cottage or house-
hold level. Contamination of mycotoxin and/or pathogenic microor-
ganisms in raw materials, especially maize, beans, and seeds are often
found in this region. This proves that it is needed to control the har-
vesting and storage processes by applying good agricultural practices
(GAP) and hazard analysis and critical control points (HACCP). In
the case of African countries that do not have enough facilities, small-
scale industrial systems could be an alternative option.

6.3.1 GAP

Numerous regulations, standards, codes, manuals, and practices
have been recently made for the purpose of providing safe foods. The
objective of GAP is to ensure safety and quality of produce in the
food chain, to capture new market advantages by modifying supply
chain governance, to improve natural resources use, workers’ health
and working conditions, and to create new market opportunities for
farmers and exporters in developing countries (FAO GAP principles).
These principles can be applied not only to local production, harvest,
postharvest processes, and storage but also to soil, water, seed, pesti-
cide, and fertilizer. There are potential benefits when GAP is applied
to farming systems because it helps reduce chemical, microbiological,
and physical contamination hazards. Applying GAP into the African
environment may require a lot of business to control. However,
HACCP can be implemented with minimal cost and some changes
(e.g., techniques, utensils).

6.3.2 HACCP

The hygienic conditions of cottage level production of fermented foods
are generally poor in most of the developing countries, and people in
these regions are not well-educated to control their processing pro-
cedure in hygienic ways. It is critical to equip clean utensils, working
place, clean water, and clean rooms to make safe foods. Most of all, it
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is important to educate people who are involved in food processing in
the developing countries.

'The HACCP system has been well-recognized as an approach
to eliminate, minimize, or prevent hazards from farm to fork. This
control system includes seven principles designed to prevent prob-
lems before they occur and to correct deviations as soon as they are
found. The critical control points (CCPs) are placed in the flowchart
of operational steps, where each practice can be applied to its cor-
responding steps. Many countries have put effort into developing
HACCP models for improving safety and reducing hazards of their
fermented foods. The potential hazard lists of fermented products can
be summarized as follows: biological hazards (pathogens like B. cereus
and mycotoxins), chemical hazards (biogenic amines), and physical
hazards (foreign substances like grass, seed, metal, string, stick, and
wood waste). In the following models, chongkukjang and iru are pro-

vided as examples (Figures 6.2 and 6.3).

Soybean Side materials (salt) Tap water ~ Packaging
d
Washing and
removing stones* v
! » Brine
Steaming

Fermentation*

Cooling

i
Mixing <

!
Mashing

4
Keep refrigerated

Inner packing

A

Metal detection®

A

I
Outer packing — Storage — Shipping

Figure 6.2 Chongkukjang production process marked with CCPs (*). (From Shin, D.H., Research
for safety improve and quality improvements of small business and traditional fermented soybean
products, National Institute of Food and Drug Safety Evaluation [Korea NIFDS] research report, 2011.)
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Locust bean seed**

Boiling in water (16—18 h)
(— use pressure cooker for 1 h)

Draining and cooling
(— use clean sieve)

\
Dehulling by pressing with feet**

(— with clean hands or mortar)
Washing*
4

Boiling of cotyledons (1-2 h)
(— in pressure cooker for 30 mirn)

Draining through basket*
(— use clean sieve)

Spreading in calabash trays
Wrapping with jute bags**
\

Fermentation for up to 36 h
(— in screw-capped botiles for 36 h with starter)

Salting and molding*
\
Air and/or sun-drying (24 h)*
\

Iru
(— packaged in sealed nylon)

Figure 6.3 Traditional processing of locust heans into iru showing the CCPs (*). **CCP and food
safety risk. The ifalic phrase indicates recommendation for safety process. (From Olayinka, E.M., and
Omobayonle, F., Research Journal of Microbiology, 1, 503-511, 2006.)

According to the chongkukjang HACCP model suggested by
Shin (2011), three CCPs were noticed in their procedures (Figure
6.2). First, he suggests that foreign substances like stones, string,
and insects should be removed in the steps of washing and removing
stones, with keeping washing speed of 6 rpm. Second, in the fermen-
tation step, proper time (44 + 1 h) is required to avoid the possibility of
contamination with B. cereus (<10,000 cfu/g). Lastly, he indicates the
second metal detection step just before packaging as another critical
control point.

The traditional steps of iru were examined to identify CCPs and
then optimize the process (Olayinka and Omobayonle, 2006). The
CCPs they identified were the process of including locust beans,
dehulling by pressing with feet, and wrapping in the bag (Figure 6.3).
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To reduce the chance of contamination, a pressure cooker, dehulling
with hands or mortar, and defined culture with known starter were
applied. It is evident that these simple changes can reduce microbial
contamination and improve nutritional values. As for starters, the
mixed culture of Bacillus sp. and lactic acid bacteria is recommended.
Several studies have found that GAP, GMP (good manufacturing
practices), and HACCP are effective as a quality management sys-
tem for assuring the safety of traditional local foods in Africa (Amoa-
Awua et al., 2007).

HACKCEP systems introduced above are one of the models to verify
safety of traditional fermented foods. To ensure both validity and secu-
rity of the HACCP system, other food safety assurance systems like
GAP, GMP, GHP (good hygiene practices), and ISO (International
Organization for Standardization) standards can be applied in the
food supply chain. These certifications should be encouraged and
supported by government authorities. Personal training in terms of
sanitation principles and food safety control is definitely required. In
addition, universal standards like Codex are required for the global
trade of traditional foods because more and more countries are sign-
ing FTAs (free trade agreements). Having Codex standards for more
traditional foods will facilitate exports since the standards have been
applied primarily in international trade and commerce.

6.4 Conclusion

AFFs are very popular in Africa and Asia as a protein source and
condiments. Their own indigenous techniques for making fermented
foods were defined and succeeded as a food culture. These foods were
produced according to traditional methods transferred from their
ancestors, and the safety of these foods has been confirmed over the
centuries. Recently, fermented foods like natto, doenjang, and chong-
kukjang, have been produced industrially using their own target start-
ers and exported to other countries.

A number of studies have been performed to identify toxic sub-
stances and to find ways to reduce toxin production. The goal for secur-
ing safety can be achieved by various actions. First, the whole system
from the stage of raw materials (beans and seeds) to storage should be

inspected by applying GAP and HACCP. Personal training based on
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guidelines of GAP, GMP, and HACCRP is critical. When looking at
the HACCP in detail, each step can be checked whether there are fac-
tors to contaminate. Microbial starter cultures should be selected and
controlled so they may not produce biogenic amines, mycotoxins, and
pathogenic microorganisms during the fermentation process. It needs
to be defined which target starter or combination of starters would
be better. Biogenic amines can occur during the food production and
storage process under unsanitary conditions. Therefore, poor quality
of raw materials and inappropriate conditions during food production
process result in microbial contamination. Finally, changes to better
equipment like mortar, pressure cooker, and appropriate packaging
make a big difference to safety.
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