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Abstract

Jangsu, a Korean ancient non-alcoholic beverage made by lactic acid fermentation of cooked rice, was
prepared and the microbial characteristics were investigated. The periodic removal of fermented product
and the addition of newly made cooked rice and cold water as new substrate enhanced the growth of
lactic acid forming bacteria but supressed the growth of proteolytic bacteria. The important microorgani-
sms in jangsu were Lactobacillus, Lactococcus, Pediococccus and Leuconostoc species. Lactococcus thermophi-
lus, Lactobacillus coryniformis and Leuconostoc mesenteroides were identified. The isolated strains were
cultivated and used as starter culture of jangsu. Some useful strains were selected which were able to
produce acceptable flavor and sufficient amount of acid lowering the pH to near 4.0.
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Introduction

Jangsu is a Korean ancient non-alcoholic beverage
made from lactic acid fermentation of cooked ce-
reals'V, The use of jangsu as a common beverage is
recorded in Samkuksaki(History of The Three-Na-
tions Period of Korea) written in 1145(2), and Kory-
odokyung(travel-book of Korea) written in 1123
However, the use of jangsu has been disappeared in
the records ever since. The term jang (#K) was in-
terpreted as rice tea in Jaryuchusuk, a dictionary
written in 1856, and extracts of fruits and cereals in
Imwonsibyukiji, an encyclopedia written in 1827V,

The disappearance of Jangsu was probably caused
by the introduction of stkhe, a rice beverage today,
made by the saccharification of cooked rice with
malt®. The use of sikhe as a common beverage was
first recorded in Sumunsasul, a cook book written
in 1740®, The difficulties in keeping jangsu starter
and the frequent failure by the contamination of put-
refactive and harmful microorganisms were probably
the reasons for why the people abandoned jangsu
preparation and preferred sikhe making'®.

The unique method of cereal lactic acid fermenta-
tion of jangsu is interesting, because it implicates the
nature of natural fermentation principles. In this
study jangsu was prepared according to the method
written in the old literatures, and the microflora
grown in the product were characterized and some
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of useful microorganism were selected for the starter
culture of cereal lactic acid fermentation.

Materials and Methods

Jangsu preparation

The method adopted in this experiment was that
described in Jeminyosul, written in AD 530-550 by Ki-
sahyup of North-Wui‘. It describes that the newly
cooked rice, which is still hot, is placed in an earthen
jar and cold water is added. It is kept for 3-4 days
in the ambient temperature, and then half of it is ta-
ken for the use of drink and new cooked rice and
water are added to the jar. Jangsu is taken once in
every 3-4 days and each time new cooked rice and
water are added.

In the present experiment, newly cooked rice, 250
g, was mixed with 1/ of tap water in a glass bottle
and kept at 25C. Fig. 1 shows the diagram of jangsu
production and sampling scheme used in this experi-
ment. Half of the fermented material in the bottle
was taken periodically and 100 g of newly cooked rice
and 1/ of water was added after each sampling.

Microbial tests

One mililiter of jangsu sample was homogenized
with 9m/ of trypton-salt diluent, and 1.0 m/ of the
homogenized diluent was smeared on different agar
plates listed below'®. Yeast glucose Lemco agar with
bromocresol purple(1% soln.) and skim milk(10%)
was used for total count, acid producing bacteria and
proteolytic bacteria, MRS agar for lactic acid bacteria
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and yeast, malt extract agar for yest and mold. Star-
ch agar was used for amylase producing microorga-
nisms, Tween agar for lipase producing microorgani-
sms, Carr and Passmore medium with bromocresol
green(2.2%) solution with ethnol for acetic acid bac-
teria, and mannitol egg york polymixin agar for the
isolation and characterization of Bacillus cereus. After
48 hrs of incubation at 25T, the characteristic colo-
nies were selected for isolation. The lactic acid bac-
teria were classified by morphological and physiolo-
gical tests as outlined in Fig. 2. Some interesting st-
rains were further identified by refering to the Ber-
gey’s manual'” with the additional biochemical test

Fig. 1. Experimental scheme for the effect of periodical results.
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Preparation of jangsu by inoculation

Jangsu was prepared by using starter cultures iso-
lated in this study. The isolated lactic acid bacteria
was cultivated in MRS media and inoculated to coo-
ked rice-water suspension homogenized with Waring
blendor. It was fermented at 25C for 48 hrs and the
pH and sensory qualities of the products were eva-
luated.

Results and Discussion

Effect of jangsu process on the microflora pat-
tern

The microflora pattern of jangsu was different
from that of cooked rice-water mixture kept for seve-
ral days to ferment naturally. Figs. 3 and 4 compare
the microflora pattern of the two systems. When coo-
ked rice-water mixture was incubated at 25C the nu-
mbers of total cells, acid producing bacteria and pro-
teolytic bacteria grew exponentially for the first 3
days to reach to the maximum number, 3.0X 108 2.5
X 10% and 5.0X 107, respectively, and then they were
decreased by the continued incubation. The number
of proteolytic bacteria increased after the 6th day of
incubation, exceeding the number of acid forming
bacteria, which meant putrefaction of the product
(Fig. 3).

On the other hand, in jangsu process, as shown
in Fig. 4, the number of microorganisms decreased
by each of the replacement of the half of product with
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new cooked rice and water. But the reduction rate
was far greater with proteolytic bacteria compared
to acid forming microorganisms. Consequently, at the
6th day of jangsu fermentation, acid producing bacte-
ria became dominant and the number of proteolytic
bacteria became insignificant. The old-wisdom cont-



692

S-Y. Kim, M. Souane, G.-E. Kim and C.-H. Lee

Table 1. Selection of interesting lactic acid-producing bacteria during jangsu fermentation

KJFST

Code number

Isolation condition

Media
Jo001 STA
J9002 YGLA
19003 MRSA
J9004 STA
19005 MRSA
J9006 YGLA
J9007 MRSA
Jo008 YGLA
J9009 YGLA
J9013 YGLA

Brew number

—

O U1 O R b NN DN

Presumed identification

CFU/m!

1.2x10° Not identified
6.0 10* Pediococcus spp
1.2X10% Streptococcus Spp
1.2X10° Lactobacillus spp
28X 10° Lactococccus
10X 10° Not identified
1.2X10° Pediococcus spp
70X10° Not identified
11X 10° Leuconostoc mesenteroides
6.0X 107 Lactobacillus

Table 2. Identification of important lactic acid bacteria isolated from jangsu

Characters

J9005

J9013

J9009

Shape
Gram

test

Capsule
Endospore formation
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Oxygen requirement

Catalase

Cytochrome oxidase
Arginine hydrolysis
Starch hydrolysis
Esculin hydrolysis
CO, from glucose
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Proteolytic activity
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Coagulation of milk with
0.1% methylenblue
0.3% methylenblue

Litmus milk reaction

Growth on media with

0.01% potassium tellurite

0.04% potassium tellurite

40% Bile agar

4.0% NaCl

6.5% NaCl

10% NaCl
Growth in broth at

5C
35C
40T
45C
47C
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Table 2. continued
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Characters J9005

J9013 J9009

85 +
9.6
Acid production from
melibiose
mannose
rhamnose
cellobiose
inulin
fructose
xylose
raffinose
arabinose
sorbitol
galactose
mannitol
lactose
sucrose
dextrose
maltose
Acid production from
starch
dextrin
sorbose -
amygdalin -
trehalose -
Presumptive identification Similar to
' Lactococcus
thermophilus
except for its
ability to grow
on 4% NaCl
medium and
starch hydrolysis

[ !

e o S C S L A

+ +

L+ o+

[+ 4+

|

oAb H L+

+ o+

[

|
[ |

Similar to

Leuconostoc
mesenteroides

subsp. mesenteroides
except for

the ability

to grow at pH 4.2

and 4.8 and non
fermentation of treha-
lose

Similar to
Lactobacillus
coryniformis
except for

acid production
from mannitol

rolling the undesirable microorganisms in natural fe-
rmentation was demonstrated in this experiment.

Fig. 5 shows the changes in pH during the fermen-
tation of cooked rice. The pH decreased down to 4.0
for the first 4 days and then increased indicating the
putrefaction of the product without substrate rene-
wal. In jangsu process the pH was lowered by each
replacement with new substrate.

Identification and lactic acid bacteria in jangsu
Some interesting lactic acid bacteria in jangsu
were isolated. The criteria for selection were the
abundance of colony types, smell of colonies, starch
utilization, citrate utilization and dextran formation.
Table 1 shows the list of colonies selected and identi-
fied species according to the scheme of Fig. 2. The

Table 3. pH and sensory quality of jangsu fermented at
25°C for 48 hrs with selected strains of lactic acid bac-
teria

Strains Final pH Sensory characteristics

J9001 5.5 Not sour, rice flavor

J9004 34 Sour, stkhe flavor

Jo005 4.0 Sour, no flavor no taste, no smell
Jo006 59 Not sour

J9007 59 Not sour, dark grey, good flavor
Jo008 39 Sour, strong cooked rice flavor
J9009 4.0 Sour, no specific flavor

J9010 6.1 Mildly sour, rice flavor

Jo012 64 Not sour, putrid smell

important microorganims in jangsu were lactobacil-
lus, Lactococcus, Pediococcus and Leuconostoc spp. Fu-
rther identification for the strain was carried out for
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Table 4. pH and sensory quality of jangsu fermented with mixed culture of lactic acid bacteria for 48 hrs at 25T

Strains Final pH pH change Sensory characteristics

J9005 41 —~13 Tastes of cooked rice, bitter. astringent
J9004 4.0 —-2.6 Sweet taste, good flavor

J9007 45 ~16 Not sour, good flavor

J9005+ J9007 4.8 —0.7 Not sour, good flavor

J9004 + J9005 4.1 -11 Mildly sour, sikhe flavor and taste
J9004 + J9007 4.2 —12 Taste of cooked rice, good flavor

three microorganisms, J9005, J9013, and J9009. On
the basis of the physiological and biochemical tests
as shown in Table 2, they were tentatively identified
as Lactococcus thermophilus, Lactobacillus corynifomis,
and Leuconostoc mesenteroides subsp. mesenteroides
respectively. The Lactococcus thermophilus could
grow in 4% NaCl medium and hydrolize starch. The
Lactobacillus coryniformis could produce acid from
mannitol, and Lauconostoc mesenteroides could grow
at initial pH of 4.2.

Quality of jangsu made by starter culture inocula-
tion

Table 3 shows the final pH and sensory quality of
Jjangsu prepared by the inoculation of different star-
ter microorganisms isolated from traditional jangsu.
J9004(Lactobacillus), J9005(Lactococcus  thermophi-
lus) produced sufficient acid(pH below 4.0) and ac-
ceptable flavor. J9007(Pediococcus spp.) produced
good flavor but the acid production was not sufficient.

Table 4 shows the results of mixed culture inocu-
lation. Combination of J9004(Lactobacillus spp.) with
either J9005(Lactococcus theymophiius) or J9007(Pe-
diococcus spp.) resulted in sufficiently low pH of final
product and acceptable flavor of jangsu.
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