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I. BACKGROUND

The lactic acld fermented foods in the Republic of Korea can be classified into
three groups; (1) the traditional non-milk fermented foods, such as kimchi and sikhae,

(2) fermented milk products, mainly yogurt type, (3) pharmaceutical or unconven-
tional food products.

The Jactic acld fermentation of different substrates will be explained by
taking Kimchil as the typical lactic acid fermmentation using vegetables, Sikhae
using mixture of fish and cereals and yogurt using milk.

Recent developments in the study of lactic acid fermmentation on vegetable milk
products will be introduced.

The production of ﬁ-galactosidase and other enzymes from lactic acid form-

ing microorganisms will also be an important area attracting industrial interest.

I1. INTRODUCTION

lactic acid fermentatior is an important process in many traditional fer-
mented food making. Histori-ally, it has been emphasized in fermented milk
products, such as yogurt and cheese. But even in non-milk eating societies
like the Republic of Korea and other Asian countries, it is realized that lactic acid
fermentation has played a very important role in preparation of fermented cereals and

vegetable products. The Embden~Meyerhoff pathway suggest that many microbial processes

can convert starch and sugars into lactategl) Cereals, soybeans and vegetables
are excellent substrate providing sugars and ultimately glucose t- microbial
process. In fact, the traditional fermented food made from soybeans, cereals,
vegetables and fishes invariably contain lactic acid bacteria. The role and
importance of these bacteria vary with the type of fermented food."

In the Republic of Korea, the lactic acid fermented foods can be classified intec

three groups: (1) traditional non-milk fermented foods, such as kimchi, fermented soy-

bean paste and sikhae, (2) fermented milk products mainly liquid yourt type, and




(3) pharmaceutical or unconventional food products. The lactic acid fermenta-
tion on different substrates will be explained by taking Kimchl as the typical
lactic acld fermmentation using vegetables, Sikhae using mixture of fish and

cereals, and 1iquid yogurt using milk. In addition, recent developments in the
study of lactic acid fermentatlion on vegetatle products will be introduced.

Kimchi

Kimchl is the name given to a group of fermented vegetable foods of long
tradition in the Republic of Korea. It has been a main sidedish served along with
cooked rice and other dishes. The kimchi making is the original method of preserv-
ing the fresh and crispy texture of vegetables during winter when fresh vegeta-
bles are not generally available. Kimchi has an unique sour, somewhat sweet
and carbonated taste and usual”y served cold. In this respect Kimchi differes
from sauerkraut which 1s only acidic in taste and served warm.

The kinds of Kimchi may count up to more than 65 depending on the use of
raw materials and processing methéds. Raw materials of Kimchi are mainly
divided into 3 groups. Cabbages and radish are the major materials and
nminor ingredients include garlic, red pepper, green onion, ginger and salt, and
lastly fermented fishery products and other seasoning agents are often used as
the optional ingredients.

Figure 1 shows the procedure for a typical Kimchi preparationgz) A recipe for
the simplest Kimchi may include Korean cabbage 100 g, garlic 2 g, green onion

2 g, red pepper powder 2 g, ginger 0.5 g with optimum salt content of 3.0%.
Whole cabbages(or cutted) are salted with 15% brine for 3-7 hours, which are
ther. washed with fresh water and drained, Other minor ingredients, chopped and
combined, are mixed to the treated cabbages and placed in a container iightly
sealed. The length of time for completion of the fermmentation depends on the

ealt content and temperatui.




The microorraniems involved in the fermention of Kimchi have been studied
widely. More than 58 different species of microorganisas were identified from
kinehi{3)  Figure 2 shows the changes in the important microflora of Kiachi

(%)

during fermentation. The number of Leuconostoc mesenteroides increased

rapidly during the initial stage and decreased after 10 days of the fermentation.
The numbers of lactobacillus and yeasts started to increase after 10 days of

the fermentation, and this accompanied with the over ripening and souring of

Kimchi. It indicates that Leuconostoc mesenteroides is the important micro-

organisms responsible for Kimchi fermentation, whereas Lactobacillus plantarum,

which 1s considered to be responsible for Sauerkraut making, deteriorates the
quality 6f Kimchi,

Both 002 and crganic acids, which are produced during the fermentation,
play an important role for Kimchi taste. Figure 3 shows that the concentration
of 0, increases rapidly by 15-30 hrs of fermentation at 20-22%.

Lactic acid and succinic acid are the major organic acids in Kimchi.(Fig. 4)
Figure 5 shows the changes in reduclng sugar, total acid and pH during the fer-
mentation of Kimchi. The optinum pH and acidity for the best taste are 4.2 and
0.6% (as lactic acid), respectively. It shows that the best taste is attained
after 3 days of fementation at 20°C and 3% NaCl.

It is also worthy to note that there are considerable increase in B vitamines

during fermentation, That is the contents of B BZ' B12 and niacin may reach

1’
as high as twice of initial contents at the optimal maturation of Kimchi and
then decrease as the taste of Kimchi deteriorute due to the over fermont&tiong?)
According to a recent nutrition survey, an adult consumes 50-100 g/day of Kimchi
in summer and 150-200 g/day in wintergs)

Table 1 snows chemical compositions of some fermented vegetable products and it
clearly indicates that Kimchi serves as an amportant vitamin source to the peo-

ple during winter in particular.




However, the changes in 1life style and rapid urbanigation are making the
preparation of Kimchi in individual households no longer convenience. In addi-
tion, there are also growing export markets, and thus the industrial production
of Kimchl 1s considered inevitable. The major obstacle for the mass production,
however, 1s the inherent short self-1life of Kimchl after coapletirn of the
fermentation. Although a number of atteapts have been made to preserve Kiwchi

in the past, there is not a single prccedure yet to ensure satisfactory product.

So far, preservation of Kimchi under refrigeration of around 5°C is known to be

a best way, while canning of Kimchi, though good for preservation, usually brings

softening of texture and some off flavors.

Sikhae

The long coastal line of the peninsular provides a variety of marine
products for human consumption.
Numerous kinds of treditional fermented fishery products are found in the Republic of
Korea; both high salt and low salt fermented products. Sikhae i1s a type of low salt
fermented fishery products, in which lactic acid fementation plays an important
m1e§9) Figure 6 shows the schematic diagram of Sikhae processing.
Flat f’.shes are eviscerated, washed and cutted, and then salted overnight by
adding 6% NaCl. Salted and sliced flat fishes are mixed with cooked millet,
red pepper powder and garlic and fermmented at 20°C for 2-3 weeks.
The pH of Sikhae decreases rapidly down to 4.5 for the first 2-3 days of fermen-
tation, as shown in Figure 7. The rapid decrease in pH is caused by the pro-
duction of organic acid from the added cereals by acid forming bacteria,
Figure 8 ghows that the numbers of acid foming bacteria and yeast increase
rapidly for two weeks of fermentatiun, while the nuaber of lipolytic bacteria

decrease rapidly at the early stage of fermentation.




Flgure 9 shows that among urganic aclds lactic acid is the predoainant acid
formed during the fermentation. It prevents the putrifaction of fish and yle-
1ds hygenically safe product.

Same as in Kimchi, the self-life of Sikhae 1s limitted by the excess pro-

o
duction of acids. It can be stored for upto 1 month in a refrigerator at 5C.

Yogurt
The history of the use of yogurt in the Republic of Korea is not longer than 15

.-. )-
years. It has been introduced from Japan as liquid type drink in 1971 and become a

popular fermented milk drink.

The annual production of yogurt in the country was 116,200 M/T in 1983 as shown in

10).

Table 2, and all was produced by several large scale dairy fa.ctoriesg The

microorganisms used for yogurt production are found to be L. bulgaricus, L. hel-
(11)

veticus and L. casel, and gsary with the producer:

Figure 10 shows the schematlc dlagram of liquid yogurt processing in Korea,

The chemical composition and the number of viable cells vary with the producer,
and are summarized in Table 3. The Korea Food Regulation requires that fermen-
ted milk should contain minimun 3% of non-fat milk soild and more than 1 x 107
cells of lactic aclid bacteria.

A fow attemps have been made to introduce gel-type yogurt into Korea, but they

were not successful until today.

III. RECENT STUDIES ON LACTIC ACID FERMENTATION

As people of the Republic of Koreé consume large quantities of spices, such as
red pepper, garlic, ginger etc., the effect of these spices on the growth of lactic
Practeria is important to know for the fementation process itself as wvell as to
evaluate their beneficial action in the intastine. Park et 31(12) studied the

effect of spices on the growth of Lactobacilcus casel. Spices were added asep-




tically into sterile TGY broth and L. casei in MSR broth culture were inoculated.
The growth of L. case! on TGY broth was inhibited by 1% garlic, 0.1% ginger and

4% red pepper, but did not influenced by 1% red pepper and was enhanced by 1%

welsh oniongn)

bacteria by the additlon of different splces.

The acid production was influenced similarly to the growth of

Figure 11 shows the effect of garlic and red pepper on the growth and pH change
of L. casel. The inhibitory effects of garlic and ginger wer: disappeared by
heating the splices at 90°C for 10 min.

Lee and Kim(lu) studied on the effect of soybean meal degradatioh products
on the growth of lactic acld bacterla, Soybean protein extracts were heated
at 121°C for 20 min and hydrolyzed with crude pancreatic enzyme preparation at
pH 8.4 for 15 min. The protein hydrolysate were added to MRS broth medium and
the growth of lactic aclid bacteria were compared to those added with peptone.
They found that the amino acid supplementary effect of soybean protein hydrol-
izate was superior to that of peptone, as shown in Figure 12,

Although not yet successful in irndustrial practice, many attemps have bean
made to develop lactic acld beverages from vegetable milk. Lee et algls)

compared the growth of E. casel and the acid production in soymilk to those in

the mixture of milk and soymilk. The growth of L. «23ei and their aclid produc-
tion were low in soymilk, but increased by the addition of milk, lactose or
yeast extract. Similar results were obtained with L. bulgaricus, S. thexmophi-
lug, and the mixed culture of L. bulgaricus and S, thermophilus. As shown in
Fig. 13, the acid production of L. bulgaricus increased by the addition of cheese
whey to soymilk to the level of 10X skim milk substratoglé) The optimum mixing
ratio of whey to soymilk was 1:9. Kim and Kim, however, showed that L., acidop-
hilus could grow much faster than L.bulgaricus on soybean milk, as shown in Fig.
1b§17) Lee(la) studied the production of lactic beverage from malt syrup.

The optimum sugar concentratlon of malt syrup for the growth of L. lactis was
10 *Brix and the addition of yeast extract(0.5%) and sodium citrate(0.08%) in-
proved the growth. When skim milk was added to m&alt sy-up in equal amount




(50:50), the growth and acid production were improved greatly. The mixed

culture of L. lactis and S. diacetilactis gave the most acceptable sensory quality.

The fermented malt syrup was competable to the commercial fermented fruit julces
in the Republic of Korea.

Other cereal substrates including colx agretls and lupinseeds are tested
for lactic beverage fermentatlion. Recently in the authors laboratory, the lac-
tic acld fermentation of lupinseed protein concentrate is under investigatlion.
This experiment has two purposes ; the production of lactic acid ari at the same
time break down of polysaccharide fraction in the concentrate. Several lactie

acld bacteria including L. fermentl and leuconstoc mesenteroidus are tested for

this experiment.
Kim et a1§18) studied on the production of extracellular Q—galactosldASe by

L. sporogenes. The fermentation medium giving maximum enzyme yleld was found

to consist 1% lactose, 1.5% peptone, 0.2% ammonium sulfate, 0.8% ammonium phosp-
hate dibasic, 0.05% potasium chloride and 0.001% ferric chloride. In the

fermentor culture, the maximum extracellular enzyme activity was 4s u/hl.
Recently, application of galactosidase in milk to reduce the lactose concentra-

tion has been introduced in the Republic of Korea, The product is sold in the market

by the name of "Lacto milk" and is gaining good appeal with the elderlv oeaple,

who have lactose intolerarce symptoms.

1V. FUTURE RESEARCH NEEDS

Although lactic acid fermentation plays an important role in many traditional
foods in the Republic of Korea, little attention has been paid to elucidate the
mechanism and function ot the fermentation in food svstem. Manv trad{tioral cereal

foods including fermented soybean products are made by natural mixed fermentation and




the lacti. acid production has significant function in fomming the characteristic
flavor and enhincing the keeping qualities of the product.

The food functionality of lactic acid fermentation should be studied more
extensibly especially in the traditional food systems. When the specific
functions of lactic acid fermmention are understood and well defined, the emerg-
ing biotechnology and genetic engineering concepts can be applied to improve the
functionalities, and to develop new food produ-ts. Establishment of an inter-
national cooperative research network 1s necessary in order to exchan'ge the

methodologies and research finidings in similar traditional food categorles.
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Table 1. Chemical composition of fermented vegetables

in 100g edible portion.

Baechu-Kimchi Kkakdugi Dongchimi

Calories (cCal.) 19 31 9
Water (%) 88.4 87.0 93.6
Protein (g) 2. 2.7 0.7
Fat (qg) 0.6 0.8 0.2
Carbohydrate (g) 1.3 3.2 1.1
Ash (qg) 0.5 0.7 0.2
Ca (mqg) 28 5 1l
Thiamine (mg) 0.03 0.03 0.01
Riboflgvin (mg) 0.06 0.06 0.03
Niacin (mg) 2.1 5.3 1.0
Ascorbic acid (mg) 12 10 7
B-carotene (ug) 295 568 0
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Ta*le 2. Anm.al production of milk and fermented milk in the Republic of Kovea (1000 M/T)

Year Raw Milk vlty Milk Fermented Milk
1977 263.5 121.0 47.8
1978 324.3 145.9 80.0
1979 384.7 170.9 114.5
1980 457.6 188.4 98.1
1981 517.7 279.9 82.7
1987 580.1 350.3 104.4
1983 716.4 4482 116.2

7able 3. FRanges of chemizal composition and the number of viable cells found
in 1iquid yogurt products sold in the Republic of Korea.

Property Range
No. of lactic acid bacteria(x 107/m1) 4,5 - 41.8
Titratable acidity 0.46 - 0.57
Total solids(%) 16.7 - 20.7
Ash (%) 0.20 - 0.28
Protein (%) 0.53 - 1.23

Reducing sugar (%) 11.7 - 15.5




Salted Red Pepper

Cabbages  Powder Garlic Green Onioa Ginger Others*
(93.5%) (2%) (2%) (2s8) (0.5%)
v
Mixing
\
Fermentation

(10-20°C, 3-7 days

Kimchi

Figure 1. Flow sheet of Kimchi making process

* Sugar
Monosodium glutamate

Fermented fishery products




- 12 -

Total viable counts

o————c‘]\\.\\\ L.iplgﬂtarum
P L. brevis

cerevisiae

6.0 Leu.

mesenteroides

Bacterial counts (Log of No./ml)

[o)
—— O

¥ 10 14 18 22 2% 32 T3
Fermentation time (days)

Figure 2, Changes in microflora during Kimchi
fermentation at 14°C (3.5% NaCl)
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