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SUMMARY

I. Title : Development and Dissemination of Chungkukjang Starter

[I. Purpose and necessity

O ‘Chungkukjang is a Korean traditional bean fermented food with a great amount of
various nutrition. Due to the recent news reports of the fermented food to have
superb capabilities of thrombolytic function, immune enhancement, antioxidant effects,
physiological effects and etc., the consumption of the food 1is increasing. The
measures reflecting the current change, to promote the safety of Korean fermented
food production as well as to manufacture Chungkukjang food product in the stabilized

quality should be urgently secured.

O The current Chungkukjang manufacturing is based on experience using the natural
strains. Therefore, the disadvantages are generated developing serious contaminations
caused by miscellaneous bacilli and other germs and difficulties in the quality control
of the food production. To produce safe Chungkukjang products, it is important to

develop high quality strains.

O Also, a process improvement system should be established to apply high quality
strains with superb characteristics and produce food products without a bio—control

and aseptic manipulation facility.

O In addition, the product to substitute Japanese Bacillus natto eating into the
Chungkukjang market saturated mostly with Jjigae or stew products. Therefore,
through the fundamental prevention of the contamination by miscellaneous bacilli and
other germs

The development of fresh Chungkukjang with the unique Korean flavors, while the
contamination by miscellaneous bacilli and other germs is fundamentally prevented, will
vitalize differentiated market from the uniformed market with Japanese MNatto and

promote the commercialization for the export market.

_13_



O Chungkukjang Strain Distribution System Establishment

- For the glottalization of Chungkukjang products, a stabilized manufacturing system is
urgently required to produce products in a uniformed quality through accomplishment
to minimize uncomfortable flavors which may result rejections by the Westerners as

well as some Koreans and to define the unique functional characteristics.

— After the market is established with defining and promoting of the superiority and
the functionality of Korean Chungkukjang, the market size can be expanded with the
variety of product developments for the consumer tastes applying many different
tastes, flavors and functions based on various developed strains differentiating from

the already formed Japanese Natto market.

— Currently, the fresh Chungkukjang is produced with the soybeans inoculated with the
strains for Japanese Natto (Pulmuone). And, the powder products made with drying
and grinding the fresh Chungkukjang are sold in market. However, in soon, just as
happened to strawberry and rose industries, the copyright clam raised by the strain
development country may cause the unfortunate events to pay a great amount of
royalty. A series of technologies to select the differentiated strains with
Chungkukjang's original flavors, tastes and functions, to culture to artificially improve
superb characteristics of the selected stains and to preserve the characteristics while
the degrade or the elimination of the genetic characteristics occurred during passaged

culture process is prevented should be steadily progressed.

O Superb strains for fermentation should be separated and identified from the
products in Korean market. Then, by researching the each strain’s characteristics, the
strains which have outstanding characteristics and are fit to the consumer tastes
should be selected. And, the starters have to be developed to preserve the selected
strains’ original bio—chemical characteristics during storages and shipping with minimal
changes in numbers and/or deformations. Finally, a system should be established to
manufacture the Chungkukjang products with uniformed qualities using the developed

starters.

O If B.subtilis, the strains for Chungkukjang fermentation, is repeatedly passaged

cultured, various enzyme activities are reduced causing the quality degrade of the
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Chungkukjang. Also, the freeze drying or frozen cold storage is not appropriate to
preserve and manage the characteristics of the fermentation strains (B. subtilis) with
the nature of extreme mutations. Therefore, the technology development for
preservation and recovery of the starters’ activities is required to manufacture

Chungkukjang products with the uniformed high quality.

O With biological preservation using the superb starter obtained through the safety
secured by the development of harmful microorganism reduction and elimination
technology to suppress harmful germs, the product disposal amount caused by the
abnormal fermentations of miscellaneous bacilli and other germs should be minimized

to reduce the risk of the manufacturer.

O In Japan, due to the uniformity and simplification caused by using standard single
strains, the product development is expected to be reached the limit. By securing
various strains for Korean environment and steady researching on the strains, the
superiority of Korean soybean fermented products can be promoted and Korea's
position as the leading country of fermentation food will be confirmed to contribute to

the Korean food’s globalization activities.

[MI. Contents and extend

1. Product Quality Standardization Research for Korean Chungkukjang

1) Investigation of quality properties of Chungkukjang

@D Collection of Chungkukjang products

@ Moisture contents and salinity in collected Chungkukjang

(2) Total and amino nitrogen contents in collected Chungkukjang
(3) Histamine and tyramine contents in collected Chungkukjang

(4) Viable cell count in collected Chungkukjang
2) Isolation of superlative fermentation strains from Chungkukjang

@ Isolation of fermentation strains from Chungkukjang products

@ Selection of superb strains according to proteolytic activity and mucilage contents

_15_



@ Collection of patent registrated and donated strains
@ Investigation of biological properties of isolated strains from Chungkukjang

(® Heat resistance of isolated strains from Chungkukjang

2. Separation and Application Technology Development of Superb Strains

Chungkukjang Fermentation

1) Characteristic of culture media of selected strains for Chungkukjang

fermentation

2) Quality properties of Chungkukjang fermented by selected strains

D Production of Chungkukjang fermented by sellected strains

(2 Aamino nitrogen contents of Chungkukjang fermented by sellected strains
@ Total nitrogen contents of Chungkukjang fermented by sellected strains
@ Length of mucilage of Chungkukjang fermented by sellected strains

® Moisture contents of Chungkukjang fermented by sellected strains

® Fibrinolytic activity of Chungkukjang fermented by sellected strains

(@ Properties of Chungkukjang fermented by sellected strains according to region

3) Selection of superlative strains for Chungkukjang fermentation

for

4) Quality properties of Chungkukjang fermented by superlative strains and patent strains

D Reducing sugar contents of Chungkukjang fermented by candidate strains and

donated strains

@ Chtomaticiity of Chungkukjang fermented by candidate strains and donated strains

@ Sensory evaluation of Chungkukjang fermented by candidate strains and donated

strains

@ pH of Chungkukjang fermented by candidate strains and donated strains

® DPPH free radical scavenging activity of Chungkukjang fermented by candidate

strains and donated strains

® Total and amino nitrogen contents of Chungkukjang fermented by candidate strains and

donated strains
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3. Korean Chungkukjang Quality Standardization using the Superb Starter

1) Development of stable storage technique for Chungkujang starter

@D Changes of mucilage contents according to storage temperature and period of
Chungkujang starter

@ Changes of moisture contents and pH according to storage temperature and period
of Chungkujang starter

@ Changes of total and amino nitrogen contents according to storage temperature and
period of Chungkujang starter

@ Changes of fibrinolytic activity according to storage temperature and period of

Chungkujang starter

2) Changes of biogenic amin during fermentation

3) Inhibitory effect of mixed-culture on growth of Bacillus cereus

D Detection of B. cereus from companies

@ Inhibitory effect of B. subtilis P-1.2 to B. cereus KCCM 12142 on Nutrient agar
medium

@ Inhibitory effect of B. subtilis P-1.2 to B. cereus KCCM 12142 on soymilk medium
@ Inhibitory effect of B. subtilis P-1L2 to B. cereus KCCM 12142 on Chungkukjang

production

4) Substantiation of Chungkukjang fermentation

5) Construction of supply system of starter for Chungkukjang fermentation

4. Separation and Storage Technology Development of Superb Strains for

Chungkukjang Fermentation

1) Changes of properties of Chungkukjang starter according subculture times

@D pH and moisture content of Chungkukjang according subculture times of starter

_17_



@ Total nitrogen contents of Chungkukjang according subculture times of starter

@ Length of mucilage of Chungkukjang according subculture times of starter

@ Amino nitrogen contents of Chungkukjang according subculture times of starter

(® Fibrinolytic and gelatinolytic activities of Chungkukjang according subculture times

of starter

2) Development of stable preservation technique for maintain superb characteristics of
Chungkukjang starter

(D Recover of characteristics of starter by mixed-culture

@ pH and total nitrogen content of Chungkukjang by mixed-culture

@ Mucilage of Chungkukjang by mixed-culture

@ Amino nitrogen contents of Chungkukjang by mixed-culture

(® Fibrinolytic and gelatinolytic activities of Chungkukjang by mixed-culture

3) Dissemination of long—term storing starter and development of its usage

(D Problem of vegetative cell type of starter

@ Manufacture of sporulating starter

@ Yeild of sporulating of starter

@ Fermentation efficiency of vegetative cell type starter and sporulating starter

(® Comparison of morphology of vegetative cell type starter and sporulating starter
® Fermentation of Chungkukjang using starter

(D Establishment of optimum quantity of starter for fermentation

4) Development of surpub starter

5) Supplement of starter and development of its instruction manual

6) Establishment of systematic sensory evaluation for Chungkukjang
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IV. Results

1. Product Quality Standardization Research for Korean Chungkukjang

A. 120 cases has been collected from the Chungkukjang products sold in market and
homemade Chungkukjang to separate superb strains for Chungkukjang fermentation.
The member companies of Korea Jang Cooperative in Pocheon City, Paju City, Nam
Yangju City in Gyeonggi—-Do, and Nonsan City and Geumsan-Gun in Chung Nam,
Jecheon City in Chung Buk, Sunchang-Gun in Jeon Nam, and Daegu City along with

farming households growing their own beans have participated in the collection.

B. From analysis of total nitrogen, content amount of amino nitrogen, nitrogen
decomposition efficiency, the content of tyramine and histamine of collected

Chungkukjang samples, the quality characteristics of Chungkukjang is defined.

C. New strains is secured with the selected and identified strains to fit to consumers’
favor after the investigation of the biochemical characteristics and the confirmation of

the capability to culture on agar medium.

D. Based on the differences in protein decomposition rate and viscose substance
creation rate of the collected Chungkukjang samples, 523 species of single colonies

are separated.

E. The most of strains are Bacillus subtilis. And, the most are survived in high
temperature of 52C while some of the tested strains show strong heat resistance to

survive the high temperature of 62TC.

2. Separation and Application Technology Development of Superb Strains for

Chungkukjang Fermentation

A. After categorizing the separated strains, the candidate strains are selected to
inoculate to the culturing beans to make Chungkukjang. From the produced
Chungkukjang, viscose substance creation rate, quantity, flavor, protease, and

thrombolytic enzyme are measured to select the outstanding and candidate strains.
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B. Based on the result of each strains’ application to soybeans, the candidate strains
are selected for the secondary production experiment under various environment

changes including fermentation time and temperature.

C. The multiple of starters are selected respecting the differences in personal favors
and considering the smalls, the tastes, the viscose substances and thrombus

dissolution rates of the Chungkukjang samples.

D. By using single or multiple variety of starters, the Chungkukjang with more variety

of tastes and flavors can be produced.

3. Korean Chungkukjang Quality Standardization using the Superb Starter

A. By proposing an effective measure using one of the selected outstanding strains,
B.subtilis P-L2, to control B.cereus, a defined harmful bacillus for fermentation foods,
it is showed that the effect to suppress growths of B.cereus and other harmful bacilli

can be delivered using outstanding starter.

B. The discloser of the optimal temperature and period to store B.subtilis P-L2 starter
1s evaluated to be important data for effective distribution of the starter products

within Korea.

C. The developed Chungkukjang starters are produced in sporulating forms so that the
influence regarding storage temperature and period won't be great to the starter
products. The produced Chungkukjang starters can be stored and distributed for max.
6 months in the normal temperature resulting advantages both in product quality
maintenance and cost reduction not only during the distribution, but also production

process.

D. During the fermentation process of the starters used in the research, Biogenic
Amines content shows slow increase as time passes. However, since the content is
found to be less than other Chungkukjang products in the market, it can be considered
that the production of Biogenic Amines is fully controllable with selected outstanding

strains.
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E The possibility of industrialization is confirmed by the demonstrational experiment to

apply the developed starter product to for mass production process.

4. Separation and Storage Technology Development of Superb Strains for

Chungkukjang Fermentation

A. If B.subtilisstrains used for Chungkukjang manufacturing are repeatedly passaged
cultured, the activities of various enzymes are reduced causing the produced
Chungkukjang's quality degrade. To produce great quality Chungkukjang, the
technology to maintain or to recover the strains activity is required to be searched.
To prevent loss in the activity of Bacillus subtilis caused by the passaged culture

process, strong strains are selected by mutual competitions in the limited environment.

B. The technology to preserve the superb strains is established by recovering the
activity of the strains for Chungkukjang production through the competitive culture.
The strains usable in the competitive culture would be aerobic strain which can
survive in the same temperature with B.subtilis. Also, the strain should be harmless

strains not producing any toxic substance.

C. After selecting a colony maintaining the superb characteristic of the starters, the
colony is cultured on the agar medium. Then, the cultured feeder cells are converted
into the sporulating form with high tolerance against environmental stress and possible

long—term preservation to produce the starters.

D. The sporulating formed B.subtilis starters are possible to live and grow in high
temperatures. Therefore, the starters can be inoculated to the beans in high
temperatures of 80C so that the contamination of misc. germs can be controlled with
the high temperature. Also, contamination of the airborne germs which has been
dispersed by the high temperature steam released from the high temperature beans
controlled as well. Moreover, the cross contamination which can be occurred due to
the manufacturer’s production characteristics of using the same facility and containers
from the initial stages to the completion of Chungkukjang production can be controlled

with the high temperature.

E. The freezing drying technique is employed for the long—term storage for stabilized
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and steady supply of the separated and identified starters to consumers. For the
consumer product, the Chungkukjang can be made as power and packed in small
quantity packages with specified the shelf-life. For the places requiring Chungkukjang
in large quantity, liquid ample type packaged products in various sizes can be supplied

for more efficient starter product supply.

F. Compared with the feeder cells which has been stored in a long—-term after the
optimal growth period, the starter product’s fermentation rate is showing similar value
with the normal feed cells’ fermentation efficiency so that it is confirmed that the
preservation of the activity and the long term storage of the starter products are

possible.

G. Since the manufacturing processes are not established systematically, it is not
possible to produce products with a uniformed quality throughout the year to make
hard for consumers and Chungkukjang manufactures to take the full advantage of the
starter application. Therefore, the scientific and information-systematic manual 1is
provided to produce the most outstanding Chungkukjang products using the developed

starters in the research.

H. The organic evaluation to scientifically show the organoleptic property of the
Chungkukjang , the survey measure and the determination criteria are established and

proposed.

V. Achievement and Application Plan

Paragraph 1. Achievement

1. Scientific publication

A. 2009. 10. 15. YJ Ko, YH Son, DH Kim, CH Ryu, Isolation, identification and characterization
of Bacillus spp. from the chungkukjang in the various regions of Korea, Korean Society of

Life Science

B. 2009. 10. 15, YH Son, BS Gu, YJ Ko, CH Ryu, Quality characteristics of chungkukjang
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fermented by isolated strains from commercial product, , Korean Society of Life Science

C. 2010. 06. 24, YH Son, YJ Ko, EJ Kim, EJ Kim, DH Kim, CH Ryu, Isolation superior strains
from commercial chungkukjang and Its quality characteristics, The Korean Society for

Microbiology and Biotechnology

D. 2010. 10. 21, YH Son, HS Je, CH Ryu, Competitive culture of B.subtiis and B.cereus in

soymilk and nutrient broth, Korean Society of Life Science

E. 2010. 10. 21, YH Son, DH Kim, HS Choi, CH Ryu, Quality characteristics of chungkukjang

fermented by isolated strains from commercial chungkukjang, Korean Society of Life Science

2. Development of human resources and application

A. Thesis for degree

1) Son Yong-hwi, Master degree, 2011. 02. 28.
Study on the Mixed Culture with Micrococcuus luteus for Recovering Activity of Bacillus
subtilis P-1.2
2) Kim Jin—yong, Master degree, 2011. 02. 28.
A Study of the Anti-inflammatory Effect of Bacillus subtilis P-1.2
3) Je Hae-su, Master degree, 2011. 02. 28.
Inhibitory Effect of Mixed-culture with Bacillus subtilis on Growth of Bacillus cereus During

the Fermentation of Chungkukjang

3. Technique consulting

A. Date : 09.08.05, Company : Korea Macggurm

Contents : Management of Chungkukjang fermentation strains, container and temperature

B. Date : 09.08.06, Company : Gobang Food

Contents : Management of Chungkukjang fermentation strains, container and temperature
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C. Date : 09.08.06, Company : Jangmaul

Contents : Management of Chungkukjang fermentation strains, container and temperature

D. Date : 09.08.06, Company : Changnyeong Food

Contents : Management of Chungkukjang fermentation strains, container and temperature

E. Date : 09.08.07, Company : Samsang Food

Contents : Management of Chungkukjang fermentation strains, container and temperature

F. Date : 09.08.07, Company : Sangju Food

Contents : Management of Chungkukjang fermentation strains, container and temperature

4.. Public relations

A. ‘Development and globalization of Chungkukjang starter’. FNBNEWS. 2011.3.28.

B. ‘Developement of Chungkukjang starter for Korean traditional taste ', KOREA AgraFood,
2011.04.11

D. Industrial development of Chungkukjang starter, KBS News, 2011.04.20

Paragraph 2. Achievement Application Plan

1. Manufacturing technology security for lower than Bacillus cereus standard defined
in Korean Food Standards Codex.

2. Various fermentation food product development indexes fitting consumer tastes.

3. Technology transfer of the development technology to fermentation food
manufactures for the application to safe product manufacturing.

4. Technology transfer to the industry of the found microorganisms and the developed
technology after the patent application process.

5. Import replacement and starter export effect of the Natto starters currently

dependent to imports.
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6. Soy bean consumption promotion through new consumption creation through
Chungkukjang's new recognition.

7. Consumer health protection by safety security of Chungkukjang.

8. Data provision for promotion for superiority of Korean traditional fermentation food.
9. An example of high quality development of Chungkukjang and other fermentation
food products.

10. Exceeding achievement of the research performance and result materials by grasp
of the research flow between detail tasks.

11. The confirmation of the functionality of Chungkukjang products, which has been
produced and consumed without a scientific verification, makes consumers to consume
with confidence resulting the promotion of Chungkukjang products as well as
contribution to people’s health improvement.

12. Farmers’ income increase through traditional fermentation food industry
visualization.

13. The cornerstone for the glottalization of Korean traditional fermentation foods.

14. The increase of the citizens' interest and knowledge on the highly value—-added
health foods based on Chungkukjang.

15. Security of the dominant position resulted by publication of the research results

on expert SCI level journals and the early copyright establishment.
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proteases= novel EAZA] in vitro A&AA] Aol s FEAWHe]Ho] JEE Flxo 9l

F3glvh o2 ¢ls) LA FOIA AR MARY, RE So| P Woprlm 9 B
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A Ago RGeS AogM FEZ=A7)(FD-600, Kett, USA)&Z 40%-7F A3t}

Ao F9o FHA(TN : Total nitrogen) & FHL ddstA 43 A5 1 g& FH3H
Kjeldahl flaskel %3, K:SO49F CuSO, «5H0E 9 & 19 w2 &3+3 ZuA 273 g3} conc.
HSO416mls ¥ol 2413 &< #aiAzl & S5 Hristel 100 mz A§skar And
002 N HCl®) mlFE 2422 3asqgrh. =54 AF8d A1 9SS NaOH - Sodium
thiosulfate (NazS:05 ¢ 5H20)-& 43} 2% Boric acid (H;BOs)-& 9 1231 #|A|¢FL2 Bromocresol
green® Methyl redZ o €t2o] 2 : 19 v]E 4& &3 A oFS AR 39U

vhoobumg AL A

Aazto] oln e AA(AN @ Amino type nitrogen) gk AL 7 UE A EH A8 5 g
& 250 ml WAkl Yal SRFE 7heke] 100 ml 7hA A&k o] F 50 mkE F 38t
o] 100 ml beakerel ¥& % 0.1 N NaOHS. 2 pH 847} 2 wj71x] F3 3t} of 7)o SAEE
2el 20 mle 7F8Fal 0.1 N NaOHo. = pH 847F & wi7bx] HAscy A4 368 2
$13le] pH meter (Orion 420A, USA)E o] &3}%t}.

sletdl 8 Eewl ke F=d 5 g8 A Awske] 01 N HCL 50 mls 7hebar w4
32171 & o ¥ (Whatman. No.2) 3t A 82 ARt %3k 3] A9 (Sigma. USA) 2 ¥
29 (Sigma. USA)S 77 01 g4 0.IN HCl 100 milel rdstA dgAzl & T84z
AbgsEdtt Alm B EERe ZF 1 mi¥ FHeko] EStEAIUESR 05 ml 1% AstadobAE
&4 0.8 mls 7Fste] 45T elA 1A12F g7 FE3FA oW o] F 10% ZZ¥ &< 05 ml, 9
2 5 mlg 7hske] 25ColA 1023F gzl £

A7 & oM EvolE-e] o HPLCE #2435

G

N

] 5218000 rpm)dte] AN AirwE

A4
3T}, o)lw]l HPLC %71 Table 13 2t}

Table 1. Operating conditions of HPLC for histamin and tyramine content analysis
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Item

Condition

Column

Mobile phase
Detector

Flow rate
Injection volume

Running time

Capcell pak C18 UG 4.6 x 250 mm

Mixture of acetonitrile and water
294 nm

1 ml/min

o ul

40 min

A

s|A gk & TSA (Tryptic Soy Agar) H¥u]=jo] Z=2ale] 37TColA

B!

Bl colony & AlFste] BAdrE S AT
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=

Table 2. &89 H=74e FEF 2 I (%)

=
Sample Moisture Salinity Sample Moisture Salinity Sample Moisture Salinity

A 61.55 1.12 Al 4457 2.86 BQ 53.05 2.76
B 57.20 1.17 AJ 6.91 0.25 BR 45.81 0.42
C 62.09 0.96 AK 5.21 0.50 BS 51.85 0.64
D 56.77 411 AL 5.38 0.12 BT 57.44 2.32
E 57.10 2.74 AM 45.05 2.85 BU 55.61 0.32
F 57.02 1.47 AN 54.98 6.05 BV 58.56 2.20
G 5245 2.16 AO 47.71 3.67 BX 60.63 2.38
H 51.55 1.39 AP 59.31 2.17 BY 40.54 0.37
I 55.57 2.57 AQ 65.70 2.48 BZ 58.06 2.03

J 55.31 1.59 AR 55.62 243 CA 65.60 0.35
K 54.21 2.16 AS 53.67 3.08 CB 55.47 0.21
L 54.33 2.44 AT 53.62 2.96 CcC 53.62 1.67
M 59.46 1.91 AU 45.09 2.06 CD 48.81 1.58
N 54.84 5.77 AV 57.31 1.61 CE 49.28 3.70
0] 53.68 4.34 AW 55.49 0.33 CF 56.79 0.39
P 54.16 1.97 AX 47.24 0.81 CG 64.07 2.90
Q 49.86 0.22 AY 58.60 0.64 CH 49.13 1.66
R 52.31 0.69 AZ 58.43 1.09 CI 61.11 1.84
S 53.70 1.26 BA 54.95 2.21 CJ 50.65 3.74
T 54.24 1.82 BB 56.81 0.42 CK 61.69 3.15
U 54.67 1.71 BC 60.30 241 CL 56.39 0.31
v 45.58 1.11 BD 60.53 1.85 CN 51.48 1.98
W 55.12 1.22 BE 52.37 0.21 CcO 46.67 4.33
X 46.64 4.37 BF 56.93 1.77 CP 49.06 3.12
Y 53.56 2.51 BG 53.66 2.58 cQ 50.71 5.44
Z 45.20 0.23 BH 61.58 0.35 CR 45.85 0.24
AA 54.32 3.18 BI 53.11 3.85 CU 58.77 2.76
AB 51.02 475 BJ 52.48 0.61 CcvV 38.66 0.25
AC 55.26 2.34 BK 56.33 3.85 CwW 7.23 11.51
AD 58.06 143 BL 57.84 1.48 CX 53.22 2.02
AE 49.77 3.02 BM 48.33 0.40 Ccz 43.59 4.13
AF 53.56 1.9 BN 53.35 1.39 DC 49.59 1.92
AG 46.68 5.04 BO 56.58 247 DE 57.63 2.94
AH 50.49 0.61 BP 52.92 1.36 DF 56.88 2.21
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Table 4. =39 A=ge] T42(%) B obv]d] da(mg%) % (Dry weight basis)

Sample jI‘otal Amino Sample jI‘otal Amino Sample jI‘otal iAmino

Nitrogen  Nitrogen Nitrogen Nitrogen Nitrogen  Nitrogen

A 9.13 729.00 Al 7.76 644.09 | BQ 8.26 1382.17
B 7.27 1028.87 Al 7.55 17371| BR 6.48 883.19
C 8.76 1088.63 | AK 7.45 356.86 | BS 8.45 1785.32
D 6.50 83032 || AL 7.68 22100 BT 7.89 1914.05
E 8.04 205493 | AM 7.46 719.68 | BU 8.13 645.41
F 7.65 202876 | AN 6.82 162141 | BV 7.17 43344
G 7.38 1046.05| AO 6.27 91237 | BX 7.57 1598.71
H 6.89 62620 || AP 6.22 1396.97 || BY 6.04 1401.16
[ 7.02 61080 | AQ 6.85 152731 || BZ 8.49 349.71
J 6.91 114290 | AR 748 1112.78 || CA 7.06 1922.07
K 6.44 102323 | AS 7.10 125457 || CB 8.87 762.65
L 6.44 70764 || AT 6.55 664.73 || CC 6.99 608.75
M 7.03 1837.92 | AU 5.88 72946 | CD 6.62 872.05
N 6.82 306.00 | AV 6.61 58941 | CE 6.60 1576.10
0] 6.52 57439 | AW 7.55 67277 | CF 7.17 874.59
p 6.26 106445 | AX 6.60 177765 | CG 7.15 665.07
Q 7.26 51825 AY 9.95 219507 | CH 6.51 1256.36
R 7.34 72863 || AZ 7.77 136043 || CI 7.77 657.91
S 7.28 118937 | BA 8.35 97132 CJ 7.86 759.37
T 6.27 666.67 || BB 7.55 1307.13 | CK 8.12 44351
U 6.97 661.08 | BC 6.83 52468 | CL 6.58 440.29
\Y 6.98 55465| BD 6.74 693.01 | CN 7.73 127461
W 6.08 125494 | BE 7.16 1440.19| CO 7.69 2700.66
X 6.45 1261.01| BF 731 114219 || CP 7.75 1660.76
Y 6.46 72523 || BG 6.86 1587.14 || CQ 6.65 1267.13
z 6.11 39913 | BH 7.00 48431 | CR 6.19 1189.95
AA 7.88 608.17 BI 7.61 607.80 | CU 7.18 1512.51
AB 5.84 616.94 BJ 7.83 121665 CV 6.78 654.45
AC 7.13 40346 | BK 5.29 112301 || CW 6.23 1348.69
AD 7.51 21799 | BL 7.95 124943 || CX 6.71 727.26
AE 6.21 63558 | BM 7.55 158339 || CZ 7.07 2110.25
AF 7.13 71256 | BN 821 100493 || DC 7.72 537.06
AG 7.56 1302.10 || BO 7.55 46237 | DE 7.15 1186.97
AH 5.82 73469 || BP 8.67 1595.73 || DF 851 920.96
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Table 5. =8 F=del T2 Tkl oied ofvlmef A Fkel W& (%)

Sample AN Sample AN Sample AN Sample AN Sample AN Sample AN
TN TN TN TN TN TN

A 7.98 R 993 | Al 830 | AZ 1751 BQ 1673 | CI 847
B 14.15 S 1634 AJ 230 BA 1163 | BR 1363| CJ 9.66

C 12.43 T 1063 | AK 479 | BB 1731 BS 2113 || CK 546

D 12.77 U 948 | AL 288 | BC 768 | BT 2426 | CL 6.69

E 25.56 \Y 795 AM 965| BD 10.28 | BU 794 | CN 16.49

F 26.52 W 20.64 | AN 23.77| BE 2011 | BV 6.05| CO 35.12

G 14.17 X 1955 AO 1455 | BF 1563 | BX 2112 CP 2143
H 9.09 Y 11.23 | AP 2246 | BG 23.14 | BY 23.20 | CQ 19.05

I 8.70 Z 6.53 | AQ 2230 | BH 692 | BZ 412 CR 19.22

J 1654 | AA 772| AR 1488 | BI 799 | CA 27.22 | CU 21.07

K 1589 AB 10.56 | AS 1767 | BJ 1554 | CB 860| CV 9.65

L 1099 || AC 566| AT 1015 BK 2123 || CC 871 CW 21.65
M 26.14 || AD 290 | AU 1241 BL 1572 CD 1317 CX 10.84
N 449\ AE 10.23 | AV 892 | BM 2097 || CE 2388 | Cz 29.85
0] 88l | AF 9.99| AW 891 | BN 1224 CF 1220 DC 6.96

p 17.00 | AG 17.22 | AX 2693 || BO 6.12| CG 930| DE 16.60
Q 714 | AH 1262 AY 2206 | BP 1841 | CH 1930 DF 498

_53_



(3) F49 AFF sxey @ eebu G

Hlel oA olW(BA)S BWAE FRE AFe] BASNAY Wi - SARHNA feolumato] 14

o olg PERE BEow YAHE BAA, BA ¥ /1Y de el
&

=
F SASA Ho] scombrotoxicosisE FESHAl HH, ElEpHe i el defsie]l ndgf 2 AR

o
ki

1822
ol

s gtk AFelA el BAS AL ofHeit B dEE 4SS A E AR 57
2 Agdy FaAdL HEYs 5o BAR H3E 7lgAlo] 3lE serine, proline, histidine, glutamic
acid, aspartic acid, phenylalanine 59 fglolr|=2be AAZITH= A7 B Hol glonz Fag
gl EAskE vlEA ]l BAY s|xetilst EEpnle ke T4 eke] Table 69l WEFAQATE o F-E
o AgelA slzepidst ElRpo]l AEHAoH, sl Hal 8319 me/ke, ElEFUS 191351
mg/kg .2 YERtth ol H=A wEe Boldl= B osubtilis, B licheniformis, B. amyloliquefaciens
s Bacillus sp.¢l @%4 &40 @40 Zt7F thEr] weel AS R Almdvh AFolA BAY HE2
Ao FAS AIIAY el eaR EREe Aol dov, nAdEe o MEE I AxEHE
FaAEel doiA BAY AEL 9d  gle 84d By olyyt A= 579 7 Feks A
o] Jong s A7 Brhe AAd FEs AT F JEE HEshE Yhs 2R ¥

Aol

k)

ruﬁ
O_u

B

c
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Table 6. =¥ F=739 s|2ebd 2 byl ok (mg/kg)
Sample Histamin Tyramine| Sample Histamin Tyramine| Sample Histamin Tyramine
A 0.00 230.93 Al 2263 310.32 BQ 0.00 15.58
B 40.68 139.56 AJ 0.00 241.08 BR 5.02 13.19
C 0.00 397.93 AK 0.00 298.84 BS 0.00 104.72
D 0.00 135.81 AL 461 4552 BT 0.00 14.55
E 8.69 239.65 AM 0.00 1193.53 BU 0.00 427.93
F 26.92 1779.75 AN 0.00 12041 BV 0.00 283.67
G 18.80 1536.76 AO 0.00 4633 BX 0.00 14.48
H 0.00 564.90 AP 0.00 134243 BY 0.00 546.81
I 0.00 786.86 AQ 0.00 92.65 BZ 0.62 12.71
J 28.68 812.32 AR 0.00 1086.86 CA 0.00 1059.82
K 0.00 1100.74 AS 19.34 343.25 CB 0.00 16.29
L 6.37 1217.59 AT 0.00 79.08 cc 0.00 21.02
M 5.38 1658.59 AU 0.00 17.89 CD 1.60 765.96
N 0.00 2861 AV 25.26 4487 CE 0.00 27.66
o] 0.00 79.50 AW 0.00 668.79 CF 1.58 307.78
P 1.82 67.57 AX 59.93 11.43 CG 0.00 1205.28
Q 13.77 356.60 AY 0.00 567.37 CH 0.00 534.60
R 24.09 692.83 AZ 0.00 394.85 a 0.00 638.76
S 51.81 487.37 BA 0.00 296.92 d 63.82 16.52
T 0.00 570.64 BB 0.00 1064.02 CK 40.03 1.13
U 0.00 866.70 BC 0.00 24540 cL 4348 170.76
Vv 0.00 51.13 BD 0.00 19.60 CN 0.00 44021
w 0.00 1397.50 BE 2365 1214.68 co 477 1098.59
X 562.06 1674.51 BF 0.00 1029.75 CcP 0.00 35.66
Y 0.00 166.14 BG 0.00 22441 cQ 0.00 11.18
z 533.97 1913.51 BH 0.85 54371 CR 0.00 70.01
AA 4433 642.61 BI 0.00 41.74 Cu 0.00 853.19
AB 0.00 0.00 BJ 0.00 28.50 cv 14.77 192.95
AC 0.00 179.95 BK 0.00 1018.45 cw 3.59 415
AD 0.00 144.98 BL 0.00 555.87 CX 0.00 15.80
AE 0.00 510.39 BM 0.00 34.82 cz 0.00 214.60
AF 16.60 0.00 BN 0.00 603.57 DC 1.80 48.56
AG 755.40 1757.04 BO 0.00 60.03 DE 2.52 126.07
AH 73.48 172.91 BP 0.00 1221.55 DF 0.00 495.05
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() =59 g Adr

FRE AR EASh: VARl UEE AV Aa) e = SHTol AL dAHA

S F TSA Kol sl A4S 4T Table 7 1Y FHge] 4SS 2Alstol

J Aoz A Fo AEFE 30 x 10° 796 x 10" CFU/goz eyt A4 2Eo) wteh 4

#49] Zol7} Uiz olfE WY sl A @3- AAEA EAslor & Aoy AdAl eAm

Q84 o} HEAo SE . Py = Furge Ao wE dmuolH gl nlo] oAy ole] AAHE
& SAol et Ful T 2 e HE mQ)ska An|Rte] A 2277}

A A2 e AlaElo]l FRETH Auitdel B 243 4 Aoz Jiddn

Table 7. =39 A9 A4 (CFU/g)
Sample Viable cells Sample Viable cells Sample Viable cells
A 1.0 x 10%° Al 3.0 x 10° BQ 56 x 107
B 6.0 x 10° AJ 40 x 10’ BR 22 x 10°
C 40 x 10° AK 3.0 x 10° BS 16 x 10°
D 2.0 x 10° AL 36 x 10° BT 29 x 10’
E 1.1 x 10%° AM 23 x 10° BU 29 x 10°
F 14 x 10% AN 2.0 x 108 BV 6.2 x 10°
G 96 x 10% AO 244 x 10° BX 23 x 10
H 1.6 x 10% AP 1.0 x 10° BY 50 x 10’
I 1.8 x 10%° AQ 13 x 10° BZ 36 x 10
J 1.1 x 10% AR 6.4 x 10’ CA 34 x 10°
K 14 x 10% AS 1.7 x 10° CB 25 x 10
L 1.2 x 10%° AT 23 x 10° cC 29 x 10’
M 6.0 x 10° AU 39 x 10° CD 34 x 10’
N 1.6 x 10% AV 27 x 108 CE 34 x 10
o) 8.0 x 10° AW 29 x 10’ CF 23 x 10
P 34 x 10° AX 14 x 10° CG 22 x 10
Q 8.6 x 10° AY 51 x 10° CH 27 x 10’
R 7.8 x 10° AZ 1.7 x 10° CI 12 x 10’
S 2.8 x 10° BA 1.8 x 10’ cJ 20 x 10’
T 47 x 107 BB 1.3 x 10° CK 2.5 x 10’
U 1.3 x 10° BC 1.9 x 10° CL 50 x 10°
Vv 1.7 x 10° BD 22 x 108 CN 31 x 10°
w 24 x 108 BE 82 x 10’ co 42 x 10
X 1.8 x 10° BF 22 x 108 cp 1.8 x 10’
Y 11 x 10° BG 12 x 10° cQ 56 x 10°
z 44 x 10° BH 1.1 x 10° CR 22 x 10°
AA 1.9 x 10° BI 24 x 10’ cu 22 x 10°
AB 1.5 x 10° BJ 41 x 108 cv 32 x 10°
AC 1.9 x 10’ BK 1.9 x 10° cw 2.7 x 10°
AD 29 x 10° BL 14 x 10’ CX 21 x 10°
AE 58 x 10° BM 2.0 x 10° cz 19 x 10°
AF 74 x 10° BN 1.9 x 10’ DC 33 x 10°
AG 37 x 10° BO 1.1 x 108 DE 19 x 10°
AH 9.0 x 10° BP 23 x 107 DF 15 x 10°
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Table 8. =r7ol| A &e|dt 2

e Fellsst Hde Sl

Proteolytic Mucilage

Proteolytic Mucilage

Proteolytic Mucilage

Strains . Strains . Strains L
activity length activity length activity length
A-M1 + 4+ ++ G-2 + + K-S21 + 4+ +
A-M2 + 4+ ++ G-3 + + K-S22 + 4+ +
A-N1 +H+ + G-S1 + + K-S23 +H+ +
A-N2 +H+ + G-S2 +++ + L-W1 + -
A-1 + - G-S21 + + L-1 + -
A-2 + - G-S22 + - L-2 + -
A-W1 +H+ - H-1 + - L-S1 +H+ -
A-W2 + 4+ - H-S1 +++ ++ L-S2 + +
A-W3 - - H-S2 +++ + L-S3 + +
A-W4 - - H-S21 +++ - L-S4 + +
B-1 - + H-S22 +++ - M-1 + +
B-2 - - H-SS1 - - M-2 + -
B-3 - - H-SS12 - - M-3 + -
B-4 + 4+ + H-SS21 - + M-4 + 4+ ++
B-S1 - ++ H-SS22 +++ ++ M-5 + -
B-S2 + 4+ ++ I-LM +++ ++ M-T1 + +
B-S3 + 4+ ++ -w +++ ++ M-T2 + +
B-S4 - - [-S1 +++ + M-T3 + +
C-L1 + +++ 1-S2 +++ + N-F1 + +
C-L2 + +++ [-S3 + + N-F2 + -
C-M1 ++ - -S4 +++ + N-C + +
C-M2 ++ - 1-S5 +++ + N-1 + -
D-M1 +H+ - I-1 + - N-2 ++ +
D-G - + -2 +++ - N-3 ++ +
D-S1 + 4+ ++ -3 +++ + N-4 + +
D-S2 +H+ - -4 + - N-5 + -
D-S3 + 4+ ++ J-1 + + N-6 + +
D-S4 - + J-2 ++ +++ 0O-L1 + ++
E-P1 +++ + J-3 ++ + 0-L2 ++ +++
E-P2 - ++ J-4 ++ +++ 0-S1 + +
E-S ++ + J-5 ++ +++ 0-S2 +++ +++
E-L1 +++ +++ J-W1 ++ +++ 0-S3 + ++
E-L2 ++ +++ J-W2 + +++ 0-L3 + +++
E-L3 ++ +++ J-5S2 ++ ++ P-S1 + +
E-M + + J-NO + - P-P1 + -
F-L2 + - K-H + + P-pP2 + ++
F-SP2 + - K-S1 +++ + P-P3 + +
F-SP3 + - K-S2 +++ + P-P4 + ++
F-SP1 ++ 4+ +++ K-S3 +++ ++ P-M1 + +
F-L1 + +++ K-TS +++ + P-M2 + +
G-1 + - K-S1 +++ + P-Al + +
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Table 8. =r7ol| A &e|dt 2

e Felsst Hdw ()

. Proteolytic Mucilage . Proteolytic Mucilage . Proteolytic Mucilage
Strains o Strains o Strains o
activity length activity length activity length

P-A2 - + U-U1l +++ +4++ AC-L1 ++ +++
P-L1 +++ +++ U-u2 +++ + AC-1.2 ++ ++
Q-M1 +++ ++ U-SS2 +++ ++ AD-S1 +++ -
Q-MC ++ ++ U-SpP2 +++ ++ AD-M1 + +++
Q-LC ++ ++ V-SP1 +++ ++ AD-C1 ++ +
Q-L2 ++ +++ V-SP2 +++ ++ AE-C1 ++ ++
Q-L3 +4+++ +++ W-L1 ++ +4++ AE-F1 + +
Q-L1 ++ +++ W-L2 + +4++ AE-L1 + ++
Q-S1 + - W-S1 + - AE-M1 + ++
R-L1 + ++ W-S2 + 4+ AF-L1 + -
R-L2 + ++ W-P1 + - AF-M1 ++ -
R-M + + W-P2 + - AF-M2 ++ -
R-P ++ ++ W-M ++ ++ AF-M3 ++ -
R-L3 + ++ X-S1 ++ ++ AF-S1 ++ -
R-S1 + - X-P1 ++ ++ AF-S2 ++ -
R-S2 + - X-C1 ++ + AG-C1 ++ +
S-SP1 + - X-C2 ++ + AG-C2 ++ +
S-Sp2 + ++ X-C3 ++ ++ AG-M1 +++ +++
S-SP3 ++ ++ Y-C1 ++ ++ AG-M2 ++ +
S-L1 + - Y-C2 ++ + AG-S1 ++ ++
S-1L.2 + ++ Y-C3 ++ + AG-F1 ++ ++
S-1.3 +++ +++ Y-C4 +++ + AH-C1 ++ +
S-s1 - ++ Y-L1 + +t AH-M1 + +
S-S2 - ++ Y-L2 ++ +++ AH-P1 ++ +++
S-S3 +++ ++ 7-M1 +++ + AH-L1 ++ +++
S-L4 ++ ++ Z-M2 +++ + AI-C1 + +
T-S1 +++ ++ Z-L1 ++ - AI-C2 ++ +
T-S2 +++ ++ Z-S1 + - AI-M1 + -
T-S3 +++ - AA-M1 +++ ++ AI-S1 + -
T-S4 + ++ AA-M-2 +++ - AI-F1 + +
T-S5 + ++ AA-S1 ++ + AI-L1 ++ +
T-L1 + ++ AA-L1 ++ ++ AJ-11 + +++
U-P1 + - AA-P1 ++ 4+ AJ-S1 ++ +
U-P2 ++ - AB-F1 + ++ AJ-C1 ++ ++
U-S1 + ++ AB-F2 + ++ AJ-C2 ++ ++
U-S2 + - AB-L1 ++ 4+ AK-C1 ++ ++
U-SS1 + + AB-L2 ++ +++ AK-C2 ++ ++
U-L1 + ++ AB-L3 ++ +++ AK-C3 ++ ++
U-M ++ AC-C1 +++ + AL-B1 ++ +
U-SP1 ++ + AC-C2 ++ + AL-B2 ++ ++
U-S3 +4+++ + AC-C3 +++ + AL-C1 ++ ++
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Table 8. =7l A g #59 @ud Zefe3t dd= 44

. Proteolytic Mucilage . Proteolytic Mucilage . Proteolytic Mucilage
Strains . Strains . Strains .
activity length activity length activity length

AL-C2 + ++ AS-F1 + + BA-M1 ++ ++
AL-S1 ++ + AS-F2 + + BA-M2 ++ ++
AL-M1 ++ ++ AS-F3 + + BA-S ++ +
AM-M1 +++ ++ AS-F4 + + BB-C + +
AM-M2 ++ ++ AS-F5 + + BB-S ++ -
AM-L1 ++ N AS-F6 + + BB-F + +
AM-S1 ++ + AT-M1 ++ 4+ BB-L ++ -
AM-S2 ++ N AT-M2 ++ 4+ BB-P + -
AM-S3 + +++ AT-S1 ++ +4++ BC-M1 ++ ++
AN-M1 +++ +++ AT-S2 + +4++ BC-M2 + ++
AN-M2 +++ +++ AT-S3 + +++ BC-S ++ ++
AN-P1 +++ +++ AT-C1 + +++ BD-C + ++
AN-P2 +++ +++ AT-L1 ++ +++ BD-S ++ ++
AN-L1 ++ +++ AU-S1 + ++ BD-L ++ +++
AO-F1 ++ +++ AU-M1 +++ +++ BE-S ++ -
AO-F2 + ++ AU-M2 ++ + BE-M + ++
AO-M1 + ++ AU-M3 + + BE-F + -
AO-M2 + ++ AU-C1 ++ + BE-P ++ -
AO-M3 + +++ AU-C2 +++ + BF-M ++ +++
AO-S1 ++ _ AU-P1 ++ 4+ BF-S1 + -
AO-C1 ++ + AU-L1 + N BF-S2 ++ ++
AO-C2 ++ ++ AV-C1 + +4++ BG-M1 +++ +++
AP-M1 ++ N AV-C2 + o+ BG-M2 ++ o+
AP-M2 ++ +++ AV-M1 + + BG-S +++ ++
AP-M3 + N AV-M2 ++ ++ BH-M ++ ++
AP-P1 +++ ++ AV-L1 + _ BH-S + ++
AP-P2 +++ +++ AW-L + ++ BH-P + +++
AP-P3 ++ N AW-M ++ 4+ BI-L + +
AQ-L1 ++ + AX-L1 + 4+ BJ-M1 ++ +
AQ-P1 ++ ++ AX-L2 + - BJ-M2 ++ +
AQ-P2 ++ + AX-L3 + PR BJ-P ++ ++
AQ-F1 ++ ++ AX-C1 ++ ++ BK-L + -
AQ-F2 ++ +++ AX-C2 +++ ++ BK-M ++ ++
AR-M1 ++ + AX-M ++ + BK-P1 ++ +
AR-M2 + ++ AY-M + + BK-P2 ++ +
AR-M3 + ++ AY-P ++ + BK-C + ++
AR-C1 ++ + AY-S + + BL-M ++ ++
AR-L1 + +++ AY-L ++ + BL-S ++ +++
AS-M1 + N AZ-M1 ++ ++ BL-P + ++
AS-M2 ++ + AZ-M2 +++ +4++ BM-M ++ ++
AS-M3 + _ AZ-S ++ ++ BM-L ++ ++




Table 8. =7l g #59 @ Zafe3t dd= (V)

. Proteolytic Mucilage . Proteolytic Mucilage . Proteolytic Mucilage
Strains . Strains . Strains .
activity length activity length activity length

BM-P + +H+ BY-S1 ++ + CJ-C1 +H+ +
BN-P + + BY-S2 ++ ++ CcJ-C2 +H+ +
BN-M ++ +++ BZ-M1 ++ +++ CK-C + +
BO-M1 + + BZ-M2 +++ +++ CK-S +++ +
BO-M2 ++ ++ BZ-C ++ ++ CK-M +++ +++
BO-C1 + +H+ BZ-S1 + + CK-P +H+ ++
BO-C2 + +H+ BZ-S2 ++ ++ CL-C1 ++ +
BP-P1 +H+ + BZ-P + + CL-C2 +H+ +
BP-P2 ++ + CA-S ++ ++ CL-M1 ++ -
BP-P3 + ++ CB-M + - CL-M2 ++ -
BP-M ++ +++ CB-L1 + ++ CL-S +++ +
BP-S +++ + CB-1L2 ++ +++ CN-M +++ +++
BP-L ++ ++ CC-L1 + +++ CN-P +++ +
BQ-M1 +++ - CC-L2 ++ +++ CN-S ++ +
BQ-M2 ++ - CcC-C ++ - CO-M1 + +
BQ-L + +++ CD-M1 +++ + CO-M2 +++ +
BQ-S +H+ - CD-M2 +++ + CO-M3 ++ +
BQ-P ++ +++ CD-L ++ +++ CO-L +++ +
BR-P + ++ CD-S ++ ++ CP-C1 ++ ++
BR-M + ++ CE-L +++ +++ CP-C2 ++ ++
BS-M ++ +++ CE-M +++ - CP-S +++ +++
BS-L1 + +++ CE-F ++ - CP-M ++ +++
BS-1.2 + o+ CE-S1 ++ ++ CQ-C1 ++ ++
BT-M1 o+ o+ CE-S2 + ++ CcQ-C2 ++ +
BT-M2 ++ +++ CG-M1 +++ +++ CQ-C3 + ++
BT-C + + CG-M2 ++ +++ CQ-M1 +++ +++
BU-M1 + + CG-S + + CQ-M2 ++ +++
BU-M2 ++ + CG-L ++ +++ CR-M +++ +++
BU-S1 ++ ++ CH-S +H+ + CR-C ++ -
BU-S2 ++ + CH-C1 4+ + CR-S1 4+ +
BV-P1 + + CH-C2 +H+ + CR-S2 ++ +++
BV-P2 ++ - CH-C3 ++ + CR-S3 ++ +H+
BV-P3 + ++ CH-P ++ +++ CV-S1 ++ ++
BV-S ++ - CH-M +++ +++ CV-S2 +++ +
BV-C ++ + CI-S1 ++ + Cv-C1 +H+ ++
BV-M ++ + CI-s2 ++ + Ccv-C2 +H+ ++
BX-M1 ++ +++ CI-M ++ + Cv-M1 ++ +++
BX-M2 ++ + CI-P1 ++ + Cv-M2 ++ +H+
BX-S +++ + CI-p2 ++ +++ CX-S1 + ++
BY-M1 +++ + CJ-M1 +++ +++ CX-2 +++ ++
BY-M2 ++ + CJ-M2 ++ +H+ CX-C1 ++ +
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Table 8. =l ¢ #59 @ Zafeat dd= BAs(V)

. Proteolytic Mucilage . Proteolytic Mucilage . Proteolytic Mucilage
Strains . Strains o Strains .
activity length activity length activity length
CX-C2 ++ ++ DC-M1 ++ - DE-C ++ ++
CX-M +++ + DC-M2 ++ +++ DE-S1 +++ +++
CX-F + ++ DC-P + - DE-S2 ++ ++
CY-S ++ + DC-C ++ ++ DE-P1 ++ +++
CY-C + + DC-L +++ ++ DE-P2 +++ +++
CY-M ++ +++ DC-S + +++ DF-P ++ ++
CZ-S1 +++ +++ DD-C1 ++ +4++ DF-M ++ ++
Cz-52 ++ ++ DD-C2 +++ +++ DF-S +++ +++
CZ-S3 ++ ++ DD-C3 +++ + DF-C ++ ++
CZ-S4 ++ - DD-M1 ++ ++
CZ-M + - DD-M2 ++ ++
wHEE B Aol drjeh 2rve duE wEoR s WHsslt Se #E, M2 F3L L
o F We A%, Fe A4, He 259 29, C 14, PE 224 7949 4, TSE 558
griel #& oua) o] iAel g 523 FEE WHeon, flel 2ANE wgem £ Aol

Fig. 4.9 Yepfi AT,

Table 9. A=A B oA st $455

Strain Strain Strain Strain Strain Strain Strain Strain
A-M1 J-w1 S-L3 AM-M1 AU-M1 BP-M CH-M Cv-C1
B-S2 J-4 U-Ul AN-M1 AW-M BQ-P CI-P2 CV-M1
B-S3 J-S2 W-L1 AN-P1 AZ-M2 BS-M CJ-M1 CX-S2
D-S1 K-S3 Y-12 AN-P2 BA-M1 BT-M1 CK-M CY-M
D-S3 M-4 AA-M1 AP-M2 BD-L BT-M2 CK-P Cz-S1
E-L1 N-F-1 AB-L1 AP-P1 BG-M1 BX-M1 CN-M DC-M2
F-SP1 N-F-2 AC-L1 AQ-P1 BG-S BY-M1 CP-S DC-L
H-S2 P-L1 AG-M1 AQ-F1 BH-M BY-M2 CP-M DD-C2

H-SS22 P-L2 AH-P1 AS-F1 BL-M CB-L2 CQ-M1 DE-S1
I-LM Q-L3 AH-L1 AT-M1 BM-L CE-L CR-M DE-P2

I-W Q-S2 AL-M1 AT-L1 BN-M CG-M1 CR-S2 DF-S
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H-M RS a-p2

53 55 2 71gHe] e A= HE] 7 oFE A5k v ARy 2 At Ay

25Y Bacillus sibtilis KCCM 11314, KCCM 11315, KCCM 11315, KCTC 3014& #ic),

g A e #4579 53

Ao ERY FEd 7 T ES TATH LR $4317] skl 16S (RNA d7|AES #4351

9o e Forward primer?! 5 -AGAGTTTGATCMTGGCTCAG-3"9F reverse primer$!

5-GGYTACCTTGTTACGACTT-3' & ©]&3te] PCR ¥H&-& AASH5 oM, PCR S3%44E 5 157 16
4

kDadl #ldsl= MEE gAlste] 44 &4 A (Macrogen, Korea)oll 45 9281314,

ol

=

7IME B
AL EFlo] Ao 7} #59 A7IAEL Blast Network ServiceZ ©|23Fe] NCBI GeneBank database
of AVIM G Hugo 2N AlTgEFE FABAE BHSAT BT BT 97% ol FAMY

S ¥ Bacillus subtilis® 53k,
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Table 10. =3 £ #59 16S rRNA 97|49 FAHd & 534
No. Strains Identities(%) No. Strains Identities(%)
A-M1 Bacillus subtilis 100 AU-M1 Bacillus subtilis 100
B-S2 Bacillus subtilis 100 AW-M Bacillus subtilis 99
B-S3 Bacillus subtilis 100 AZ-M2 Bacillus subtilis 99
D-S1 Bacillus subtilis 99 BA-M1 Bacillus subtilis 99
D-S3 Bacillus subtilis 99 BD-L Bacillus subtilis 99
E-L1 Bacillus subtilis 98 BG-M1 Bacillus subtilis 99
F-SP1 Bacillus subtilis 99 BG-S Bacillus subtilis 99
H-S2 Bacillus subtilis 99 BH-M Bacillus subtilis 99
H-SS22 Bacillus subtilis 99 BL-M Bacillus subtilis 99
I-LM Bacillus subtilis 100 BM-L Bacillus subtilis 99
-W Bacillus subtilis 100 BN-M Bacillus subtilis 99
J-W1 Bacillus subtilis 99 BP-M Bacillus subtilis 98
J-4 Bacillus subtilis 99 BQ-P Bacillus subtilis 99
J-S2 Bacillus subtilis 100 BS-M Bacillus subtilis 99
K-S3 Bacillus subtilis 100 BT-M1 Bacillus subtilis 98
M-4 Bacillus subtilis 100 BT-M2 Bacillus subtilis 97
N-F-1 Bacillus subtilis 100 BX-M1 Bacillus subtilis 99
N-F-2 Bacillus subtilis 100 BY-M1 Bacillus subtilis 97
P-L1 Bacillus subtilis 100 BY-M2 Bacillus subtilis 99
P-L2 Bacillus subtilis 99 CB-L2 Bacillus subtilis 99
Q-L3 Bacillus subtilis 100 CE-L Bacillus subtilis 99
Q-s2 Bacillus subtilis 100 CG-M1 Bacillus subtilis 98
S-L3 Bacillus subtilis 99 CH-M Bacillus subtilis 99
U-U1 Bacillus subtilis 100 CI-P2 Bacillus subtilis 99
W-L1 Bacillus subtilis 100 CJ-M1 Bacillus subtilis 99
Y-12 Bacillus subtilis 100 CK-M Bacillus subtilis 99
AA-M1 Bacillus subtilis 100 CK-P Bacillus subtilis 99
AB-L1 Bacillus subtilis 100 CN-M Bacillus subtilis 100
AC-L1 Bacillus subtilis 100 CP-S Bacillus subtilis 98
AG-M1 Bacillus subtilis 100 CP-M Bacillus subtilis 99
AH-P1 Bacillus subtilis 100 CQ-M1 Bacillus subtilis 99
AH-L1 Bacillus subtilis 100 CR-M Bacillus subtilis 98
AL-M1 Bacillus subtilis 100 CR-S2 Bacillus subtilis 98
AM-M1 Bacillus subtilis 100 cv-Cl Bacillus subtilis 98
AN-M1 Bacillus subtilis 100 CV-M1 Bacillus subtilis 98
AN-P1 Bacillus subtilis 100 CX-S2 Bacillus subtilis 99
AN-P2 Bacillus subtilis 100 CY-M Bacillus subtilis 97
AP-M2 Bacillus subtilis 100 Cz-s1 Bacillus subtilis 99
AP-P1 Bacillus subtilis 100 DC-M2 Bacillus subtilis 99
AQ-P1 Bacillus subtilis 100 DC-L Bacillus subtilis 98
AQ-F1 Bacillus subtilis 99 DD-C2 Bacillus subtilis 98
AS-F1 Bacillus subtilis 100 DE-S1 Bacillus subtilis 99
AT-M1 Bacillus subtilis 100 DE-P2 Bacillus subtilis 99
AT-L1 Bacillus subtilis 100 DF-S Bacillus subtilis 98
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vl A3 58 oo AsshA] 54

Automated Microbial Identification System(bioMerieux Inc.)S o] &3}o] Ao A Eud
o At 548 ARete] Table 110 BRI o Z3E v]Fo|wol -89 ¥57} Bacillus
subtilis®} L8t Asled EAS Koy 16S rRNA E4439} 53t veldth. AW-M o| %9

Fgo BAL 250 A% AP Bk,

Table 11. H=7 H] #9 A3}sts EA(])

Strains No.
B D E F H I

M1 S2 S3|S1 S3|Ll|SPl|S2 SS22|L1 W | Wl
BXYL + +
LysA - - - - -+ - - () -
AspA
LeuA
PheA
ProA - -
BGAL
PyrA
AGAL
AlaA
TyrA
BNAG - - - - - - -(= - = = = - -
APPA - - - - - -+ o+ S
CDEX + (2
dGAL - - - - - - - - - - - - - -
GLYG - -
INO - ()
MdG - -
ELLM + -
MdX - - - - - - - - - - - - - - - - -
AMAN - - - -
MTE - -
GlyA +
dMAN + +
dMNE +
dMLZ - - - - - - - - - - - - - - - - - - - - - -
NAG - - - - - - - - - - - - - - - - - - - - - -
PLE - (=) + + - + + + + - + +) + + + + + + + + + +
IRHA - - - - - - - - - - - - - - - - - - - - - -
BGLU + + + +) + + - + + + + + + + + + + + + + + +
BMAN - - - - - - - - - - - - - - - - - - - - - -
PHC - -
PVATE
AGLU
dTAG
dTRE
INU - -
dGLU
dRIB
PSCNa
NaCl 6.5%
KAN - - - - - - - - - - - - - - - - - - - - - -
OLD - - - - - - - - - - - -
ESC + + + + + + + +
TTZ - - - - - - - -
POLYB_R

Biochemical
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Table 11. H=74 H] #2 As}std EA(I)

Strains No.
S| U|W| Y | AA|AB|AC | AG AH AL | AM AN AP AQ AS AT AU
L3fuvl|L1 | L2 M1 |L1|Ll | ML1L|Pl L1 |M1| M1 M1 Pl P2 M2 Pl|Pl Fl|Fl | Ml L1|Ml

BXYL + o+ + + + + + + + + + + + + - + + - - + + +

Biochemical
details

LysA - - - - - - - - - - - - - - + - - - - - - -
AspA +)
LeuA +
PheA
ProA - - - -
BGAL +
PyrA +
AGAL +
AlaA ++
TyrA -
BNAG -
APPA  (+)
CDEX - - - - -
dGAL )

GLYG = - - -
INO (=)

MdG + )+ ()
ELLM -+ + +
MdX - - - -
AMAN - - - - -
MTE )
GlyA
dMAN
dMNE
dMLZ - - - - - - - - -
NAG - - - - - - - - - - - - - - - - - - - - -
PLE + - + - + + + + + - + - +
RHA - - - - - = (5 - - - = - -
BGLU + + + + + + + + + + +
BMAN - - - - - - - -
PHC
PVATE
AGLU
dTAG - -
dTRE
INU - -
dGLU
dRIB
PSCNa - -
NaCl 6.5%
KAN - - - - - -
OLD - - - - - -
ESC + + + + +
TTZ - - - - -
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HE Ao iy FIE F= Y¥HH o R Bacllus subtilis, B. lichenformis, B. circulans, B.
coagulans, B. stearothermophillus &°] €HA 3t} B AFoA Fst o= NFE B subtilis®

LRt o, 97% Aol Wy she A Aslels Sdor wFo Eu B

o
5
W
EC
N
il
rlo

amyloliquefaciens, B. atrophaeus, B. vallismortis & 2.2% FA ¥
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ih Awd e Ao e

Aol A FelE e WEAE BES] 98l 50, 52, B4, 56, 58, 60, 62, 64T elA| 24h < v
3 A57be 2EE ZAREY] Table 121 WEHISIY. F1 #5552 25 UDdol = Bacillus
subtilis#A TR 52T 9 Ao AFgon, 53 Y-12, AQ-F1, AU-MI2 62T A% A+
7beste] A A e welvh evet AT A=Y wEel #eldt= Bacillus subtilis
55Col A &35 3= Bacillus nattoR. T} O 73 ydAS 71xar gk ol e 2 Bacillus
subtilis®] 574& |43l Bacillus cereus®t 22 F-HAanAES 12 Aoy A4

Az A LA 0AS WA o] wE AV BE AL 7 AL Aol

Table 12. AL =H Y

. Growth i Growth
Strain Strain
temperature() temperature()
A-Ml1 <b6 U-Ul <60
B-52 <54 W-L1 <568
B-53 <b6 Y-L2 <62
D-51 <56 AA-M1 <57
D-S3 <54 AB-L1 <568
E-L1 <568 AC-L1 <568
F-5SP1 <56 AG-M1 <60
H-52 <54 AH-P1 <60
H-5S22 <56 AH-L1 <568
I-LM <68 AL-M1 <568
I-W <b6 AM-M1 <56
J-W1 <52 AN-M1 <568
J-4 <b6 AN-P1 <60
J-52 <60 AN-P2 <568
K-53 <b6 AP-M2 <56
M-4 <68 AP-P1 <568
N-F1 <568 AQ-P1 <568
N-F2 <56 AQ-F1 <62
P-L1 <568 AS-F1 <568
P-L2 <56 AT-M1 <52
Q-L3 <68 AT-11 <568
Q-52 <568 AU-M1 <62
S-1.3 <568
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FHALE YT SRA ARES A 9F2 NaOH - Sodium thiosulfate (NasS:0s « 5H20)&
ol 7} 29 Boric acid (HsBOs)-&< Z12]3L A Al ¢F2 Bromocresol green®} Methyl redE o €<
o 2: 19 W= ko] AtstAr)

thooprwd) AA FA

Aol opvley] A o AL H6]9 WS ol&ste] AR 5 gs 250 ml HAE
2= Yi FFFE 7Fste] 100 ml 744 B&gkth o] F 50 mle Fske] 100 ml beaker?]
He £ 01 N NaOHe.2 pH 847} & wi7px] F3stt}h o7)d F4x=22d 20 mls 78kl
0.1 N NaOHo.= pH 847} & wj7}#] AAS}, Ao FH-s AAs7] A8 pH meter
(Orion 420A, USA)E o] &34t}

2. 4% Ao] 27

HAE Zo]i= Investigative approach to Natto(Japoan) ¥ ol s3Fe] =433 v)
!
FEIFS A FESAHZIFD-600, Kett) = 4083+ =A 3T},

!
8884 FALE fibtin plate methodZ &4 3tk 0.1 M PBS £ (pH 7.5) 10mlol
0.06g2] fibrinogens 73l 37TeolA A3 &3NAH T 20 unit?] thrombing 3 7}3}]
e T 308 AATY BFEHY fibrin plateE A Z3FA T A E 8mme paper discol] o
F FEF 8409 20 u¥ FFAZ % fibrin plate 9ol Fa 37ColA 44 7F ¥FE3 fibrino]

2also] FRA 44 sl YA Bh YL Tahgrh

rﬂ-‘H
55

2 DNS(3,5-dinitrosalicylic acid)'#-& AF&3Fed A& 1 mlol 0.75% DNS €< 1 mlol
0.75% DNS &< 1 mlS #H7Fslar 100TCel A 583 vkeA7l vs 57FF 8mls 71ek 3 540

nmel A FHEE FA A

A Z=AS Chroma meter (Minolta CT 310, Japan)E o]g&3te] L(BE), a(AH%) @ b(3

A5) gow %33
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B34 Bsasel U olHEE TR HAA7 2089 Ade At A, WA, @

g, 28k AAAQ] VEEE v ymgaR), o), LEolth33), Fvdd), Wg &
Gz st 5 AR HAASATE

2t pH &4

pH= pH meter(Orion 420A, USA)= A 8}t

7}, DPPH Attt d &A% 54

DPPH A3t 2AEAHLS Kilani 52 W 28le] &A3AY. £ AE 1 mlol 02

mM DPPH (1,1-diphenyl-2-picrylhydrazy, Sigma Chemical Co., St. Louis, MO, USA) &<
S 2 ml HUbele] ALoA]l 3087F A7) 517 nmol A EHREE =A3 9. Ay d
A BYE vhest ol Axstgi,

Saverging activity (26) - (1-A1/A0) x 100

Al AE HYTY T35

A0 T A8 tHETe FEE

_71_



Ef =] el

o 5
oH %

A

oF

Hj

FAtH(Fig. 1). 4575 =5 4|

G

&

&l

e <ol A Fsko] 37 TellA

o 5
oH %

F ok 4589 5 TSB

G

&

of W& autolysis AAS XA}

el

64

0] &)

AR AR

k7ol o]}

o me e

= 3

1=8
=

Fol el 98 &

Al 3]

autolysis &7fo]

-
1.

Hj Q¥ 48h o] $-of

G oaj o] FrelA Wtk Autolysis

-
1.

o] At} wepA

3l

17 ol

Al 3]

al
=

3lo] autolysis”t

a7

SIEER DA

slok @,

starter® AR&

=0

of x|

=
_

Fig. 1. AfFA el o

_72_



D—53 E-L1

9 FAYFY AR




v AR w5 BaA AN otved A4 FF

Table 12 AW 45714 35 o] &3] Axd H=x7o] ojn e AA g ekl A
ojt}, A=Ae] oimwme) A ke 21801 ~ 491.07 mg%E e O, F-SPlo| 491.07
mg% = 7HE =A UL, obumE A FheFo] YR w2 AH-Plol wlal] of 23w A u
Ebyth E-L13}, F-SP1 5 77FA1& 400 mg% ©]/del o AM-1 5 27714 & 300 mg% ©]
&, D-S1 5 117F*5= 200 mg% °late] gh& yebilvh ofvlme} A= proteases] 28l

oste] wujlo] ofvlwite] Pew Balw AEE ek Aolth web Aaael was &
QA ol AR opvle Aao) Fae] ¥25% opulwal FEel Ho} uto] $4d 4
FFe AE T 5 Ae AR U ofnmi Ao FES AxAFNA TFEe)
WAR, go] WE vAe] Afy Ba A4 24 2ei w@ 2 34 24 5 o 714
2300] we} Aol® ek Aoz AN A4l Ut AEFA FAE AR of
el Ak FFE 3000 me% oo AHel rk e ohulwit Fejm Balw 4
%7} 258 ] ZaAnE AAd s ohvlwr A Fwe] oA
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Table 1. Add 55 o &3 Ao oivjx=d A4 & (mg%, dry weight)

Strain Amino nitrogen Strain Amino nitrogen
A-MI 321.42 U-u1 252.50
B-52 365.99 W-1L1 226.64
B-S3 329.61 Y-1.2 71.39
D-S1 283.44 AA-M1 407.02
D-53 78.18 AB-L1 233.37
E-11 451.10 AC-11 310.52
F-SPk1 491.07 AG-M1L 246.38
H-52 275.40 AH-L1 299.38
HSS2 318.07 AH-P1 218.01
I-LM 382.88 AL-M1 304.57
I-w 34412 AM-ML 42518

J-4 301.01 AN-M1 350.66
J-5S2 386.23 AN-P1 384.36
J-W1 337.85 AN-P2 342.35
K-S3 354.30 AP-M2 363.19
M-4 316.20 AP-P1 401.42
N-F-1 256.70 AQ-F1 412.28
N-F-2 263.30 AQ-P1 397.28
P-L1 382.78 AS-F1 357.20
P-1L.2 422.80 AT-11 354.02
Q-L3 352.88 AT-MlL 352.65
Q-52 73.14 AU-ML 330.92
S-L3 289.29 Steamed soybean 121.69
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@& Table 29F 2T} 200919 &2

Fueitdsel mew Fade 44 FHE 125% ol dolt. Awy FFE o]gd A

4

Table 2. AL #F5 ol &3 A= THd& TFF (%, dry weight)
Strain Total Nitrogen Strain Total Nitrogen
A-MI 30.38 U-ul 27.95
B-52 27.56 W-L1 29.79
B-S3 28.92 Y-1.2 27.87
D-S1 27.59 AA-ML 29.65
D-53 29.57 AB-L1 30.78
E-L1 27.03 AC-L1 28.01
F-SPk1 25.51 AG-M1 29.57
H-52 29.23 AH-L1 25.59
HS52 29.30 AH-P1 25.42
I-LM 27.33 AL-M1 24.49
I-w 29.28 AM-ML 25.89

J-4 28.37 AN-M1L 27.28
J-52 28.40 AN-P1 26.39
J-W1 29.81 AN-P2 26.74
K-S3 28.62 AP-M2 26.42
M-4 28.44 AP-P1 27.25
N-F-1 28.39 AQ-I1 27.07
N-F-2 29.92 AQ-P1 27.39
P-1.1 31.%4 AS-F1 28.91
P-L.2 26.09 AT-L1 28.34
Q-L3 25.08 AT-ML 28.69
Q-52 32.08 AU-ML 26.89
S-L3 29.83 Steamed soybean 29.52
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o Adtd e BRAZ A A= 4o

\1

Ao AxzA BAEE JAAEL y-—polyclutamic acid¥} fructose®] polymer$] fructan(Z-<&

leva) &2 TAE BARA BE YRS S4v Bazdel mek YT FE Fel Ao

—_

7F v Ao oA vk Al #F 2508 FANE S 37T, 184 HEAIZ Sl o

HOGEARN S JhEste] UEATES ol &ste] WS SAsdTh HEY S 109
AL F FEI F(F 139 ARE WAV R Fal HHE] Sojed YA oA
Edo] #FojxA @a HAUE Hojui= AolE HAH3 & 3ol yEhUdY. dERTE AL d
FAUFAAM = dAE] FAFA ok, Q-S2 FF= 250 cm ooz M AA e
o N-F-2& 5 em® A= Zol7F 74 gttt g 5-&2 #5F7F 50 cmo| ol o, 4

Aol7} 200 cm oS TF 5FCISAL, 100 cm ©]] #FE 14F0E YERT HAdEe

=
T2 y- polyglutamate Bacillus<e] 45 v A& o3l A= 94 FA435=
AR E ol E Aol 93t Ao BT YW Zuad o, &uke] AlA T 7|eAdes Ad

biopolymer®= <& A Avk Axde] FHELS ot AgAGo] FobA HAE9 Fafo




i

Table 3. Hd w55 o] &3 P Ad&9] 2o (cm)

ﬂJ

Strain Mucilage Strain Mucilage
A-MI 120 U-u1l 80
B-52 150 W-1L1 80
B-S3 >200 Y-1.2 110
D-S1 50 AA-MIL 90
D-53 80 AB-L1 80
E-11 50 AC-11 100
F-SP1 20 AG-ML 50
H-52 110 AH-L1 150
H-552 >200 AH-P1 100
I-LM 85 AL-M1 30
-W 60 AMFML 30
J-4 70 AN-ML 60
J-52 >200 AN-P1 70
J-W1 120 AN-P2 60
K-5S3 85 AP-M2 50
M-4 180 AP-P1 150
N-F-1 30 AQ-F1 50
N-F-2 5 AQ-P1 80
P-1.1 144 AS-F1 50
P-1.2 >200 AT-L1 90
Q-L3 138 AT-M1 150
Q-52 >250 AU-ML 10
S-L3 132 Steamed soybean 0

Table 4. A¢d HFE5 o] &3 Fo4o] 4o Zoje £x
Ranges of Mucilage (cm) Number
>200 5
151~200 1
101~150 11
51~100 16
<50 12




wh Avtg @z BHEAzZ TG 5

ME
=

ZF

4589 Ay #FE AMESY] Axd AT AR 5 ge B Ad FRZFAHY
(FD-600, Kett)® =743 8% a5 Table 50 YA S0 Fe FREFL 566 %9
o Aol FRIFL 563 % ~ 621 %= UEbTH F 54318 AW PG SR
WO 17.7 ~ 540 %olv] Hyr FEFHFLS 327 % K

d T AE FE 2 B
ko

2% Aow gzAr
Table 5. AW #F5 o|&3 A=Y F# T (%)
Strain Moisture Strain Moisture
A-MI 57.8 U-u1 61.2
B-S2 62.1 W-L1 59.3
B-S3 58.0 Y-12 59.3
D-S1 58.9 AA-ML 59.4
D-S3 58.6 AB-L1 59.3
E-11 60.7 AC-L1 58.6
F-SP1 58.5 AG-M1 59.1
H-S2 57.6 AH-L1 59.9
H-S52 58.2 AH-P1 60.3
I-LM 59.1 AL-M1 61.4
I-wW 58.4 AVEMIL 60.2
J-4 59.8 AN-M1L 59.2
J-52 59.5 AN-P1 59.5
J-W1 59.4 AN-P2 59.2
K-53 58.5 AP-M2 60.8
M-4 59.4 AP-P1 59.9
N-F-1 58.8 AQ-F1 59.2
N-F-2 57.4 AQ-P1 61.7
P-L1 59.0 AS-F1 56.3
P-1.2 59.0 AT-1L1 58.1
Q-L3 58.7 AT-M1 58.0
Q-52 58.9 AU-ML 56.8
S-L3 58.0 Steamed soybean 56.6
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Table 6°] VeSS H57d 10 g& Hat
A2 541 cm® paper diskol] 20 ulE "ol 6A7HE
o wkgA1Zl & HalH fibrin #2fgHe] HolE FAGU FAH Fol A= Eafgho] WErA
3 cmZ VeI 541 cm® UERY N-F-1942] #}o]7}

A Aol7t Y= RS & vk & F45]

o|\

Table 6. Aa #F5 o|&3 A= dd&as (cm)
. Fibrinolytic Fibrinolytic
Strain . Strain .
activity activity

A-MI 752 U-u1 9.27
B-S2 8.27 W-L1 9.53
B-S3 8.16 Y-12 14.23
D-51 12.37 AA-M1 11.32
D-S3 9.57 AB-L1 11.99
E-L1 10.41 AC-L1 8.06
F-SP1 10.82 AG-M1 12.37
H-S2 7.56 AH-1.1 14.04
H-S52 7.34 AH-P1 815
I-LM 7.26 AL-M1 8.46
I-W 9.49 AVEMIL 717

J-4 7.61 AN-MI1 6.92
J-52 7.58 AN-P1 10.24
J-W1 8.15 AN-P2 774
K-53 8.24 AP-M2 10.12
M-4 7.81 AP-P1 821
N-F-1 541 AQ-F1 7.44
N-F-2 541 AQ-P1 8.02
P-L1 719 AS-F1 8.42
P-1.2 10.78 AT-L1 8.38
Q-13 8.78 AT-M1 825
Q-52 8.06 AU-M1 752
S-1.3 9.03 Steamed soybean 541
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Number

Ranges of Fibrinolytic activity

11

> 10.00

9.00 ~ 9.99

14

8.00 ~ 8.99

12

7.00 ~ 7.99

6.00 ~ 6.99

< 6.00
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Amino Total . .
. ] . Moisture Mucilage(
Strain nitrogen nitrogen %) cm)
(mg%) (%) 0
397.28~4 6.96~ 59.2~
AQ-P1, AQ-F1 50~80
12.28 7.64 61.7
352.88~3 6.29~ 58.7~ 138~
Q-L3, Q-S2
73.14 7.98 58.9 >250
AU-M1 330.92 6.19 56.8 10
AG-M1 246.38 7.48 59.1 50
AC-L1 310.52 6.94 58.6 100
AS-F1 357.20 6.52 56.3 50
218.01~2 6.70~ 59.9~
AH-P1, AH-L1 100~150
99.38 6.76 60.3
342.35~3 6.79~ 59.2~
AN-M1, AN-P1, AN-P2 50~70
84.36 7.18 59.5
363.19~4 7.13~ 59.9~
AP-M2, AP-P1 50~150
01.42 7.18 60.8
304.57~4 6.82~ 60.2~
AL-M1, AM-M1 30
25.18 6.86 61.4
Y-L2, AB-L1, AT-M1, 233.37~3 6.85~ 58.0~ 80~150
AT-L1 71.39 7.85 59.3
U-ul 252.50 7.72 61.2 80
W-L1 226.64 7.60 59.3 80
A-M1, B-S2, B-S3, D-S1,
D-S3, E-L1, F-SP1,
H-S2, H-SS22, I-LM,
. 256.70~4 6.30~ 57.4~
3T I-w, J-W1, J-4, J-S2, 5~>200
91.07 7.95 62.1
K-S3, M-4, N-F1, N-F2,
P-L1, P-12, S-L3,
AA-M1
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lmE A o, dAdSsle, dde delE A7 A, T, 3 2 urol 7% 7 e §
Byt E AW AaE Table 9o WeRflth ¢4 obvwd) A Fakd P Essol
Hel ERelA FdE Adole] A, ¥, shdl whg} P-L2, AN-P1, F-SP1-& &8sl &3 of

A ES| it A7FX|(Bacillus subtilis KCCM 11314, KCCM 11315, KCCM 11316, KCCM
301HE AlFEol Ao AL&3FS
Table 9. =% HE{ SH 5 A
Amino Nitrogen
High Middle Low
High P-L2 AH-L1
D-S3, U-Ul,
. Middle AA-M1, Y-12 W-L1,
High
AN-P1 AB-L1
[-W, D-S1,
Low F-SP1
AP-M2 AG-M1
B-S2, J-4,
. Q-S2,
High B-S3, S-L3,
AT-L1
Q-L3 AP-P1
Fibrinolytic | Middle K-S3,
activity Mucilage | Middle AC-L1 AQ-F1, AH-P1
AT-M1
Low AS-F1 AL-M1
A-M1,
High P-L1 H-SS22, M-4
J-W1
. [-LM,
Low Middle H-S2
J-S2
AN-M1,
AM-M1, N-F-1,
Low AN-P2,
AQ-P1 N-F-2
AU-M1

_84_



N FRHF L EHREE 0§ FFAe BAY

=

&

A% AUE TuEFe Solwrs ol gt Axd FEFe] FHUF FTL Table 109] L}
ehige. Awge B9 F%e p-Lio] 137 ¢/100 ml2 the o] sl 713 2 e
Wtk DS-1, F-SP1, AH-L1, AN-P2 169 ~ 1.80 g/100 mlZ FAFSHA YEr oW o]+=

A9 039 g/100 mlE T oF 6v) H& Aot} KCCM 11314 % E3|HF= Axd At

o] B9 FFe FuFF Azd FFFuc ta WA vehgd 3370 S99
72

% o)
e Qudon WE 7l AR sl Rid FFOR FAHU} vl g JUY, f
il

.

Table 10. $-¥.9F 2 B3 7 T2 A2 o9 Ay ok (g/100 ml)

Sample Reducing sugar
D-S1 1.69
F-SP1 1.80
P-L2 1.37
AH-L1 1.76
AN-P1 1.73
KCCM11314 0.64
KCCM11315 1.36
KCCM11316 0.69
KCCM3014 1.55
Steamed soybean 0.39
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b FuEFE R BSFEE o §F FHF A%

HE AdE FurFe) EFWFE ol &te] Az A4 MEE Table 1191 VeI
PEi= 5835 ~ 68852 uEbwten P-L13 AN-Plo] zhzh 58929} 58928

o] F&- Mg e o KCCM 113163 KCCM 3014 5 &3] FE5 o] &3 A=t

e 68859 682602 SA Fo| W 68.26% fAFSHA LhERS

A e @A FUFFE AZE AR SSwFE o 4@ 3% wad wa o
52 B Ao vt Ao E AZFECC ol SH TR AX3 HLAe Wiyl EFFE o
9 95 Bxo| Wsl Bs AR o] m-ThE iy

| 7437 WioZ Als .

uk&-o] ©]8 melanoidin A 434

o
o

Table 11. $HT#F 2 E5FF2 Az 23 A%

Sample L value a value b value
D-S1 62.17 5.52 23.28
F-SP1 63.90 6.71 21.38
P-L2 58.92 5.45 24.04
AH-L1 61.11 5.70 24.15
AN-P1 58.35 5.83 27.30
KCCM11314 63.23 6.54 22.13
KCCM11315 61.70 6.23 22.54
KCCM11316 68.85 6.46 22.54
KCCM3014 68.26 6.46 23.78
Steamed soybean 68.26 5.92 23.78
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HFE Ay SurFel EFAFE o) gdle] Axd HopHe #AeHA Z3E Table 129
vetSith. Awae] B AAbe ek oAl =E 83 x| A7l 208 wde MAsIe] A
WAL, @, 28 dAAQ VEEE d- o), Jmoh2d), BEo|ti33), ErH43),
- EFo(GH)ow ERdte] 53 Ao m AAFAY. Aol Mol i vE:E
KCCM 11316°] 714 953 Aoz Yy on th&o=z KCCM 11315, KCCM 3014 2
AH-L17} v d A4 vebsh WA= KCCM 11316 757 7F 410.280 0.2 713 22 Ao
2 gGrlE o, a0ty gute AE KCCM 11315 52 A %38k J4o] 7bd mA e
WA, w@uk2 A-L1e] 4+0.167 o2 714 43 Aoz yetyt. A4 VT AE
AH-Ll1o] 7} =74 HArlEdo, SHaFE AZd Joao] EFHFE o] &3 A3
n3] dedAi AgrF 48 Aoz YEy
Table 12. X375 L EF T2 A 23 49 AdsH7}
KCCM KCCM KCCM KCCM
D-S1 F-SP1 P-L2 AH-L1 AN-P1
11314 11315 11316 3014
Color 2£0.41 3£0.40 3%£0.35 4%£0.23 3%£0.21 2£0.22 4£0.32 4£0.42 4£0.41
Flavor 3£0.82 1£0.26 2+0.37 3%£0.13 3%£0.42 2£0.27 3£0.14 4%£0.28 2%0.37
Bitter taste 3£0.31 3£0.28 3+0.56 3%+0.15 3£0.24 3£0.23 1£0.75 3£0.45 2%0.28
Sweet taste 3+0.56 3+0.28 3+0.36 4+0.16 3+0.17 2+0.18 1£0.44 2+0.28 2+0.56
Overall
. 3£0.48 3£0.45 3%£0.52 4%£0.24 3£0.16 2£0.44 2£0.26 3£0.45 3%£0.24
acceptability
1owlg w2 gm 3 mEeln 4: F0 g Frk
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HE Ald ST ESdFE ol &3t Axd =] pHe B3 AR 5 gs F
4 45 mLell @EA A pH meter(420A, Orion)Z A3} Table 13¢] YebACt. =%
WE Al pHREO Aol AAA R 669 ~ 7.63 ol FAWFO pHE 6695 ERIAAL,
AN-P1¢] 76302 ofdzgjAdo|qdr). Fu 57t E3]3tFo] uld] pHE 25 o & o=
etttk Aot pHe BE ol A EHE obr A4k ammoniacl 9 # A Eopxithar Wil
Hol glow, 4 S[47]2 FAF 9 pHE 6.23°14 F=4de] pHeE 8058 &=ehal Kalsgl o,
< G481 Bacillus sp. CS-17%2 a1 =749 pHe 8560]et Harste] & Aol v
Uha A vEebsvh ey pHeE F=ake] FA e @Al digte] wagd wp glow
ammonia®] A/do] iAol ofnike] Eopu] i wEgof o)sto] HAHE e uf pHYF

AGAA 2e A9 289 Fdo] B4 ¢ Ao Audr

e

Table 13. ¥t 8 S8t F= Axd =49 pH

Sample pH
D-S1 7.50
F-SP1 6.88
P-L2 7.12
AH-L1 7.54
AN-P1 7.63

KCCM11314 7.08
KCCM11315 7.13
KCCM11316 6.84
KCCM3014 6.75
Steamed soybean 6.69
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u, gt

)
|

SdFE o] &3 F57de DPPH Afetld &A%

ﬂJ

A% AuE FuFF S5 EFE ol gete] AxF FFAe DPPH A5 2758
Table 149] UG DPPH A2t 4 2758 @48 @43 dads dxgesos,
wgolA S35 Bud Pelr)se el ARelth FAUTE 466 %, FudFsh S9F

T 522 ~ 626 %E UL M 12 &a7eE 7H 53 HFd KCCM 11316 62.6
%, SEITFQ AH-L1+= 611 %= SAHF 466 %29 vla] =& & et o 5[49]

2 HALdLS it Ao ksl gyl Uek B el A Bacillus subtillis D] @5 &
sto] WaAZl Haade AdA e vste] AfFaud Aol $strhal Barsk np 9l
o], -EFuoly FAaAY TR/ 2 AUl wet oo DPPH A8z 2A S 4

Table 14. F-i.vF ¥ 352 A2 =42 DPPH AFsHd 275 (%)

Sample DPPH F.ree—rac?ic.al

Scavenging Activity
D-S1 52.2
F-SP1 56.0
P-L2 56.2
AH-L1 61.1
AN-P1 58.9
KCCM11314 57.0
KCCM11315 57.6
KCCM11316 62.6
KCCM3014 56.1
Steamed soybean 45.6
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_:‘E
i
I
By
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N2
Jm

SEFE o FHFY opvlne) G4 R FAL FF

al
=

o
4
s

HF HytFel BT E ol &dte] Axd Aol ofnwd] HadH 4
A & Table 159 WebAS. SAdF9 o) HA S 12169 mg% e WHA,
F-SP1¢] o}vw]xe} A 3heFo] 443.87 mg%= 74 ¥/ el om™ KCCM 3014 > KCCM
11315 > KCCM 11316 > AN-P19] &AM Z yErHt THd4 e SAHF7F 295 %=y
Ebybal D-Slo] 286% = 7Fd %2 e UERth sdd 2o ofv g A g

Aol wE Ao] WEe) Aoz AmE

pah
ol
i)

FAx el 4] U ok #39 UE

i

THL

Table 15. $-H v 2

P
i

etz Axd Fwde] ofvme] AAF(mg%) %

o
U?‘J

%)

A

(Dry weight basis)

Sample Amino nitrogen Total nitrogen
D-S1 297.45 28.6
F-SP1 443.28 25.2
P-1.2 331.87 25.8
AH-L1 298.67 25.3
AN-P1 397.23 26.2

KCCM 11314 305.40 26.1
KCCM 11315 384.12 27.2
KCCM 11316 347.35 25.8
KCCM 3014 421.23 26.5
Steamed soybean 121.69 29.5
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)

i
off
uy
of\
Ol

o
N
o0

C otz 23 A% mE T4E 3 AT5S v dod|y, B cereusel 9@
JoFstil HE 24AZF o] A7) Jlestnr AEE A A v)s] Kl
o] Fa YA 73] AT B. cereus’t Aol uwpEt ko]l AA[T4] AF FA
& HAT AsA7IRR FRAFEdA AE: Vs E9cte] #eE AAE ZeUt v B
cereus®] XA 5-6 log spores/gel WHolA AukAQl A FH o)y, I} AFE B. cereus?
Y25 v @A A7 A oY 7EA el AFT75, 76] Heo] 2.aL vk
B odTE d¥E 5752 B osubtilis P-L2E o] &3] wu A AE Alx Al G
A A= B cereus® BIHAQD Aol Wg ®A4sto] ] ARASE
A ATt e Ax9 B osubtilis P-L2 FHAFS] HA A 2 2 AR 717ks AAS)
il olE E&AoE o] Mshy] i AT uew AFHd ¥ By Aad" FF

9 e W 24e AT 2 FBSAT

}\o],

flo
o
&_,

N
—_-

7b AHE o] &4

HAE Zoli= Investigative approach to Natto(Japan) Feoll +38e] =43t}
U, 2 54

FE e FoH F=ESAV(FD-600, Kett) & 4087+ A sA )

ok pH &4

pH+= pH meter(Orion 420A, USA)E 543131t

Aol AL ek 2AHALS A8 1 g2 FH39] Kjeldahl flaskell 23, KoSO.2F CuSOy »
ZwjA 273 g3} conc. HoSO,15mle Eo] 2417 S<F Eaix 7]
A=

Z2 A AFE3 A9Fe NaOH - Sodium thiosulfate (NasS:03 ¢ 5H20)8 43} 296 Boric acid

—
Lo
=
e
rlol
E?i'
N

righ

9
E ZF554E AHUste] 100 mlE AL Av)E 002 N HClY mIFE 442 3

(H3BOz)&o 18] 31 A A 9F2 Bromocresol green® Methyl redE o g2 2 : 19 v]|& &g
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uh, opr| B} A4 F4
g% 250 ml WASHAAY Yi =HEE

3l 100 ml beakere] ¥ < 0.1 N NaOH

e 20 mlS 7}etal 0.1 N NaOHO =2

A obrwe %

7Fate] 100 ml 7+ A4
g wj7hA] Fsheith or]e] FAHxE"

o2 pH 847 &
pH 847} 2 w7} AAs}, Ao FH& 2437 98] pH meter (Orion 420A, USA)
g o] &3lAT).
vk, g8l 54
fibtin plate method® =A3F3tt 0.1 M PBS £4(pH 7.5) 10mlol

HAgsare AL
ng A7Fste] 37CelA FAs &3AFHT. 20 unit® thrombing #7135}

Fr 9 fibrin plateE A 238}t
2171 3 fibrin plate Yol FaL 37Tl A 44X 7F
B4 23S ek

2 & 8mme] paper discell &=t

HH-8-3 fibrin©|

e 4ol A

Al ol o Ay ofvl &4
st A9 5 g& A8 AEsk 01 N HCl 50 mls 7}3hat
T3k 5] A~ (Sigma. USA) ¥

AR g ®
g0z AHgsta. A

2
*

& o} ¥ (Whatman. No.2) 3}

EER

29 EFEY 1 me 47 Aste] LHVAUEF 05 ml 1% ASHHHAE 9 08 ml

& 7Fste] 45CeolA 1AIZE S FEsEow olF 10% ZEd &9 05 ml, olHE 5 mls
ANy Ar¥EH A2 F o

Al E2(8000 rpm)3te] AHA
ol HPLC %7€ Table 13 2t}

Table 1. Operating conditions of HPLC for histamine and tyramine content analysis
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Item

Condition

Column

Mobile phase
Detector

Flow rate
Injection volume

Running time

Capcell pak C18 UG 4.6 x 250 mm
Mixture of acetonitrile and water
294 nm

1 ml/min

o ul

40 min

714

R4

st

On—site
consulting
(about washing
and sanitization)

g 718+ Fig. 1o vE

HEY = TARE 71 JAE AAHs o] Ax=TH
S wHsFa A A" R A A Ee @ dF 1A
o Ao JZAORRE B cereus PEOHE
At
Company
manufacturing
Chungkukiang

v v

:{}l’

B. cereus B. cereus
excess detection limitation not detected
2
B. cereus
detected

(B company)

B. cereus
not detected
(A company)
Fig. 1. Bacillus cereus 295 Ao]d}7] 943 A= AxJASE 93 A4
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2k, B. cereus® A&
B. cereus® &S A= 25g% F3te] 226mLo] Hit itkE & Ao shstal FA3 39
tf. A3 3 Al ole MYP agar (Merck, Germany)ol 200uL% =23k ¢ 30Cel A 244 7k
g ok & =93k 3 7AW lecithinaseE w38t +54 FJeb& A Aealrt AFd
oA 57 o]ate] A Al HEe AMEe] Nutrient agar (Merck, Germany)ol &3}

B0CENA 24413 WISk B & SHolE ol AW E Fakel HF AY4E AAsATh

N
Y
oy
[€5)
.y
o
h
=
S
oy
o
[
=~
[
<
w
lo
o
)
e
o

B. subtilis®] &3tujcko] o3t &8 A< B. cereus AFAs =7A& AN it 7z 7

2 Table 2 o vhehil BEE 2Aste] EFW T jgste] ¥ o] Agetar

Table 2 . B. subtilis ¢ B. cereus & E3HFS ¢33 +5 Wig 5=

B. subtilis P-L2 (CFU/mL) B. cereus KCCM 12142 (CFU/mL)
0
10°
10°
10°
10°
10°
10°
10°

103

10°

E}. B. subtilis® B. cereus® &3t wjk

B. subtilis®t B. cereusE & 3vjk

Ol

e 38 Fig. 20 Wepdth A 2 Aol A g

St B, subtilis P-1L2E B. cereus KCCM 121429} 3 1 3 22 v &= TSB (Trypticase Soy

Broth ; BBL, USA) ®j#|e| &3sle] 37TCol|A shaking w3 & TSA (Trypticase Soy
B

Agar ; BBL, USA) wjA]o Z=&slv) 919 273 L3 v &= B subtilis® B. cereuse
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soymilk ®#]oll HE 3 F 6417 A oZ TSA =X

wjokol o3k B, cereus A& aHE =A3H5)
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stz
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X
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xg 5

A
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K

w3714 6714

3

AC, AL 37CoNA B
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ojy

Fod Fig2ol YeERNAT. 27 Fv AF
270cm o, ATCeA F

G

H|

Aol

150cm, 678 EAlol+= 100cmz B EE A 50l

-
1.

o Aol

37°Cl A 37

i3

ARG, =

260cm, 671

EELE

117cm= e

-
1.

H AT

170

o
=

260cm, 671 A

ol A K

A& o

el 42

=+

g

b

)

ul 37 LAl Az

ol = 671€

G

5 A3

220cm= UEfLE

of =

B

1]

]

_...u nu = =] = o] o

= 4] = L =) [Ts]
I N = k =]
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=
)

Fig. 2.
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S

] i

A Y FEFFS 56.6%AoH, 4TAA F

3
T
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58.6% % UtEFRT
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1.

< 59.6%, 6714 A
T 58.9%, 6714zE B Aol

o

59.1%6 %1 2.1,
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MAA e Aew UEhg.
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pH

-
A
——RT
3
——37°C
2
]
D :
0 ! 6

XNZ& 7|1ZF (month)

Fig. 4. &3tel A 713k & A% 2&0] wh& A=4e] pH

N
g

oo AFY AF 2 D AR Ve e FAL D o ed] A4 W3

Colx mstEA 39, 6719 F B 3Rge Axsle] F3
49 opulwe) B4 dde) WHE Wise] Fig 5 6 o YEAY. 27 ERAdEes A

Z8k A=ge] AL TS 3231%M o 4T, 37T & Ao 671E3r Bad & A=A
1

4
el F=de AxeAE wf obvlxs A TS 581674 mg%, 671 = 430.68
mg2% 2 e ofw i o]
W 37Tl 3L B Svom Az A=) opvmy) dA T2 590.85 mgf%,
67197 B o= 399.66 mg% = e, AAEA Fek ASsAo] AL @ FLoA] B

AEe] B e v fef g4 @Al A A= Axaso] Hade Ao
gf AtndEn T AlEE Aol Basile W 37E Al A3 A5 ofnmd A
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3H576.66 mg%, 6718 Aol = 455.71 mg%= e A7 7]zke] A 3ol uhe) ofn]

Aol AAF AAsHARE, AL 2 A Bkt vuske] gado] Aow £

2]
dglo] of 37670 ol AHol Thedtel A% wEvE AAdadE e

35
30
& 25
o
ol 2o
A o
._m
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0 3 &
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4. WE F vhol o AY obul MY 2

% Bacillus subtilis P-12% Azx9 A= HEE T AFOE ATH

WE A AR mE el EARQD mho] Al opvlQl S| aEvldt EEpvle] BAEAEE F4 ke Table 3¢

VER AT FvhE ol &ste] Ao I E Al L& ARl Adste] mep x7)ol= AEHA ¥ 3

2Epgo] oF AAFAE 1934 mg/kg, T2AIA & 4868 mg/kg o2 FUFeh AdE YERIoH,

glgpule] g w3k AL SkehE FERe BAlth W nbol oAy opile wAESdl ofs ek
=

o Fo] IR & AxHE AT X R F

e
2
-
=
2
°x
e
)
o
-

|

A AFoREY AAdHE SdRA, add o

= 13kl el wheh MM Srtehs e HOAARL ol olxdd AN eabe] Aldk A
T AR AAEls v e pEeR H) wwel, o HE e S ge F23] Aol
F e 24 Atndn

Table 3. Bacillus subtilis P-1.22] F3t AEL o8& Axd HFae @& A7l w2 nlo]o Ay
oyl ghke] W3}

3| ~EFY (mg/kg) Elgty (mg/kg)
0 0 135.81
12 18.8 239.65
24 19.34 427.93
36 19.53 415.93
48 28.68 £564.90
72 48.68 582.56
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Wheat flour

h Steamed wheat brick

Starter | Cooling process of steamed wheat

~

Contamination
during Cooling

After steaming (entrance) || Translocation through
After steaming (center) screw container

Starter + steamed wheat

After steaming (exit) after steaming

Steamed soybean —

I Koji producing-proliferation

Cooling of steamed
g — l B.cereuspositive

soybean

Fermented product

8. cereusnegative

Fig. 8. A=t# A% 5 B. cereus? 2.4 Aol = @A
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(A)

(B)

Fig. 9 . B. subtilis®l <&} Aoz wayd H+4(A)3 B.cereusol ¢

A5 B)e) W
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. Nutrient®l] R ol A B.subtilis P-1L2°] 2]3t B.cereus KCCM 121422 A& A3 a3}

B. subtilis®t E3F vkl 93t B cereusd ASAE BIE Aur] 9@ Nutrient agar
W xo] A Al A 23 B, subtilis P-L29 B. cereusE Zt7] ©E V&2 &3 43
A ow AuaaE AT Z3E Table 40 YebliATh 7] HE3 B subtilis P-L2 &
71 10° W 48412474 A) 10° CFU/mL ©l3t9] B. subtilis7} Q&% 213 6S3CT+= % 0748
A WAl B, cereus?t BHE oW, 684CT= Wl 24A17F o] B4R B. cereus’t A E,
6S6CT-= 36417 ol F /A B, cereus’} B3 %, 3S3CT3S6CT+= B. subtilis?t Ad HAEHA
ookttt wd B cereus TF%E 10° CFU/mL ©l3t2 &% o] B. subtilis®t B. cereus?t &

T A 4 2EASE WS

o

& F Aoy #HFUF ZS AF B cereus’t B.

o

subtilis AES AA = A4S & & ddvh A S771e W= Lactobacilli sp.oll 2] 3

Emetic toxing 7} B. cereus & A3 vhi= M7l glo] B A9} FASHEA yERSE

Table 4.. Nutrient broth ¥} *| ol 4] B. cereus KCCM 121422] A Ko Q&S v %= B.
subtilis P-1L.29] &3 (CFU/mL)

Time Strains 6S3C" 6S4C 6S5C 6S6C
S 4.90x10° 1.58%10° 3.60x10* 1.22x10°
° C ND 8.00x10° 1.14x10° 1.40x10°
S 2.30<10° 1.20x10° 8.80x10* 2.78x10°
e C ND 2.20x10* 8.60x10* 2.62x10°
S 2.20x10° 5.20%10° 1.60x<10° 2.20%10°
. C ND ND ND 2.00%10*
S 1.80x10° 1.20x10° 1.04x10° 2.45%10°

o0 C ND ND ND ND
S 1.72x10° 8.20x10° 1.68x10° 3.78x10°

e C ND ND ND ND

Cells were incubated at 37°C for overnight. S : B, subtilis. C © B. cereus. 633C" : 10° CFU/mL B. subtilis and 10° CFU/mL of
B. cereus were incubated together.
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t}. Soymilk Hl| X oA B.subtilis P-L2°] 2|3 B.cereus KCCM 121429 A& A3l w3}

B. subtilis$} 3} el 2& B. cereus?] AFAF adE AHHr] Y F dujHe] I
% soymilk ®jAoll AdANNA 23 B. subtilis P-129 B. cereusE Z7] © & H| &2 &
g mjgsty AAlA o ® AirE AT A%E Table 59 UERY AL

B. subtilis P-L2% 10° CFU/mL #7}8F 6S3C76S6C &3 mjFT-ol A= 672442 wasAd =
B. cereus7} A& HEHA @Z%a 3S5CT-E 12417 o] FH-H, 3S6CT-= wldER7|EH B

cereus’ #AEHAY. o] Ax=z wjFo] B subtilis7F 106 CFU/mL ©]4<l A$dl= B
cereus”} 10°710° CFU/mL £.950] doets ¢3¢ &S st Aoz gzav 2 577
of w2 L acidophilus®t B. cereus®] r=Fol w} A A & yteo| o7t Jom B
cereus A X8 Aol AAHHEA WAA AT ST Bavk odo] 2 Aok A

a7 e

Table 5. Soymilk #i#| o4 B. cereus KCCM 121422 A5 H &S v|X+= B. subtilis
P-L2¢ &3 (CFU/mL)

Time  Strains 3S3C 354C 3S5C 3S6C
S ND ND ND ND

’ C ND ND ND 5.50%10°
S 2.70x107 1.40x107 ND ND

e C ND ND 6.00x10° 2.40x10°
S 3.00x10° 2.90x10° ND ND

' C ND ND 1.20x10’ 4.30%10°
S 2.90<10° 4.00x10* ND ND

“ C ND ND 1.40x107 3.80%10°
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2. A& A ZX Al B.subtilis P-L2°] 93t B.cereus KCCM 1214292] A& A& w3

Nutrient agar 2 soymilk A& o]&3}o] B, subtilis®t B. cereus® T3oj%e Z3 B
cereus? AL AFH sy 93 & ==

SEIEEEIEERE b e

(ld

NAR F, A4 @3 A8 HsAe A4 9

B. cereus 1A% °] 43 B, subtilis P-1.2% 10° CFU/mL, = 6S2 I A3I B cereuse
10°, 10, 10° CFU/mL7} =% ZAb Foll Egste] 24X &<k waste] 3
5 A E 34 294E Table 60 Yetdvh @& 5 B cereuss 2
o}, Fit tol WEAZA AF B cereus® A& WAB] Asste] S Fu

At

Ol

)
of

et
4 &2
o

AL

O

Ao A}

o
Al

(<3}
DA

Table 6. B. subtilis P-L2% B. cereus KCCM 12142 ¢ & 3tufjoko] o) &f A|lx@ A==l A
B.cereus® A543 (CFU/mL)

Time Strains 6S2C 6S4C 6S6C
S 4.40%10" 4.20<10° 4.68x10"
24
C ND ND ND
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* WA AFE 715, BrlANA Ay
ANz AEHE A AF AF 97

i

ol o} | of At o7t ol ojAr EEoyZ
uloj| x fuc| o K| =
S ik (Hg) | molEH) | moizzHw) (H ) BEH=
A= el ot= 30 10,000,000 20 6,000,000
i t=aubs | ot= 20 10,000,000 20 4,000,000

* A A Aspergillus oryzae? 714 kg3 199

LS

Ao AAF2009d 7IF) 69625, FH A2 TE(ATFY 0.1%S e A

oh. A1 A

Alglst HE
T =
(2011 )4 ( 2012 )4 (2013 )4
s = o 2hid) las= = 14) Glas = = 24)
At 3 X = HAE S HAE S HAE S
FXHA = (4 ok ) 1,000 1,000 1,000
U 1,000 2,000 3,000
o AH = o -
(uaksy) T B 100 1,000
Al 1,000 2,100 4,000
T O A = 2} (uH oHd)
g FEH) 5 10 20
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. pH =A
pH+= pH meter(Orion 420A, USA)E A4 3130t

T A 854 7(FD-600, Kett) 2 40 +3F 43300

A E Aol Investigative approach to Natto (Japan)ol| +=3Fe] =233t}

=74

d
=
B
i
&
(2
R

&

g

A& 1 g8 #H8le] Kjeldahl flaskel] 237, KoSO.9 CuSO, » 5H0E 9 1 19 W2 &3t
Al 273 g3} conc. HeSO4 156 mL-E 2o 2A13F &<F F3lA17 & /TS5 #7Hske] 100 mL
2 A&sta &vE 002 N HCIY 5 $ibste] gbs 7stlth. S/ AR S Ao
NaOH - Sodium thiosulfate(Na:S:0z « 5H20)8 43 2 % Boric acid(H3zBO3)-& < 1831 A A

°k9- Bromocresol green¥® Methyl redZ 2 : 19 v|& &313lo] A}&3FT).

&

-

Crude nitrogen(%) = (V1-V)xExDx100/(Sx1,000)

Vo : Blank test ¢ 274 mL
Vi Al®e AA mL

F : 0.02N-HCI19] factor

D : 3] Hnj=

S AR ANY

nh obw| - A FEF FA4
o] g A4 dhaF A4S AOACe HAE Formol Ao Z AEE 5 g2 250 mL ¥
AZg A0 B ZHFE 7Y 100 mL 7R A3} o] F 50 mLE #H3Fe] 100 mL

beakerel] ¥-& % 0.1 N NaOHS. &2 pH 847} & wi7lx] F3}skc), o7
mL-S 7183 0.1 N NaOH=Z pH 847} & wj71x] A Asch A 248 AAS 7] 9359

B
ol
o
ke
b
=S
o)
[\l
jas)
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pH meter (Orion 420A, USA)E o] &3} t}.

AL HAGHEA 2 SA

FAgaaro &AL fibrin plate methodZ =435 th 0.1 M PBS €99 (pH 7.5) 10 mLel
0.06 g9 fibrinogena #7Fste] 37 TolA ks &afAH vt 20 unitd thrombing # 7}s}]
2o F 3087 AAES BEFEHY fibrin plateE A Z3ATE A E 8§ mmY paper discel] &4
o} 20 ul® FFA1z1 ¥ fibrin plate 9ol &¥Fal 37 CTolA 4A3F W& & fibrino] 3] %]

j
of THielx 44% FAste] JuA fx BYL TeATh

o}. Gelatinolytic &4 =4

8% polyacrylamide gelell gelatine #7}3te] #HE T %71 0.1 mg/mLe] HE% &9
kel 20 ploll sample £94{10 % SDS, 50 % glycerol, 25 mM Tris-HCl(pH 6.8), 0.1 9
bromophenol blue}E &3+3le] geldl loadingdltal A7]9% 30t} Gele 2.5 % Triton X-100
oAl 2087 23] Al EtaL YA FTRTE 2083 28 A HSATE AlFE gel reaction £
1 M Tris(pH 7.5), 1 M CaCl2, 5 M NaCl, 0.2 mM ZnClI2, 25% TX-100, 0.2 % NaN3¢| % o
37T A 16217 52171 & Comassie blue R2502.2 1A AA3faL 50 % w3 10 %

Wastow @aser.

A}, Bacillus subtilis P-1.27t 3} Micrococcus luteus KCCM 11905¢}29] 73 A vl oF

Bacillus subtilis P-1L2 i3} M. luteusS TSB(Tryptic Soy Broth ; BBL, USA) 8j#]e] 1:1,

1:2, 1:3, 1:5, 1:10 W& = =313k 5 37 CTolA 24A13F v sl TSA(Trypticase Soy Agar ;

BBL, USA) u]x|of =3}9 T},

zb o} £ T Ax

Bacillus subtilis P-L2E XA 0] x|Q] NBP wjx|o] <F 443t vjgFslo] ol & A EE
g Uhg 25 3]dte] 9 Fote] 33 AAHS gtk AH & wAE STl &
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