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SUMMARY

O Development of fermentation system for high-tech Kimchi by using

Kimchi-starter

Although extensive scientific studies on Kimchi have been carried out, a
systematic investigation of Kimchi has been difficult because of the
complexity of the preparation methods, varieties of ingredients, and nature of
fermentation. The fermentation of Kimchi is carried out by various
microorganisms, especially the lactic acid bacteria that are present natually in
the ingredients. Kimchi quality should be controlled by microorganisms that
are present in Kimchi ingredient and various fermentation conditions. The
best quality Kimchi may be obtained from day 5 until day 14. After day 14,
it might be classified as overripped Kimchi. Commercial shelf life of Kimchi
is considered as day 28. In this study, we tried to expand Kimchi shelf life
and to control the Kimchi fermentation by using Kimchi-starter strain which
was isolated from Kimchi. We achieved to control the Kimchi fermentation
by Kimchi starter usage(<80~90% dominant m/o in Kimchi) and to expend
Kimchi shelf life up to 4 months by using microbial metabolic engineering
and regulation technique. Such starter using technique leads to diminish
undesirable microorganisms which can be occurred during Kimchi
fermentation and to control the Kimchi fermentation artificially.

The results have advantage for good flavored-Kimchi(high quality) and

long-term shelf life of Kimchi.
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O The physiological efficacy of traditional by microbial-engineering

In the first experiments, to investigate the toxicological effects of kimchi
lactic acid bacteria, we performed the oral subacute toxicity test, and the acute
toxicity test of peritoneal injection and per oral using mice. In the subacute
oral toxicity test, kimchi lactic acid bacteria was administerd into mice at a
dosage of 5 g/kg, and then mice were brought up for 4 weeks. No clinical
signs and pathological changes were observed in mice treated kimchi lactic
acid bacteria throughout the experimental period. In addition, there were also
no significant changes in general conditions, body weight gain, serum
biochemical analyses and any gross or histopathological lesions. Peritoneal and
oral acute toxicity tests in mice were also conducted to evaluate the toxicity of
kimchi lactic acid bacteria. The LDsy of kimchi lactic acid bacteria was 5 g/kg
in oral toxicity test and 2.5 g/kg in peritoneal toxicity test, respectively.
Therefore, the major dominant or main lactic acid bacteria strains isolated from
kimchi were evaluated for safety reagent on toxicity and side effect to the
mouse.

In the second experiments, to investigate the protective effects of the major
dominant or main kimchi lactic acid bacteria on ethanol-induced liver damage
in rat. The growth rate and feed efficiency ratio were decreased by ethanol,
but increased by administering kimchi lactic acid bacteria. The serum ALT
and AST activities that were elevated by ethanol were significantly inhibited
by the kimchi lactic acid bacteria administration. It was also observed that
GSH-Px activity and glutathione content in liver increased by ethanol were

also markedly decreased in the kimchi lactic acid bacteria administered group
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as compared to the control group. Among the kimchi lactic acid bacteria
groups, the main kimchi lactic acid bacteria group showed greater effects on
inhibiting free radicals and increasing anti-oxidative enzyme activities than the
major dominant kimchi lactic acid bacteria group or commercial kimchi group.
In conclusion, decrease in free radicals and increase in anti-oxidative enzyme
activities of kimchi lactic acid bacteria groups suggesting that the kimchi lactic
acid bacteria might have important role on retarding aging and could be
developed as a new anti-oxidant agents.

In the third experiments, cholesterol lowering effects of the rat administered
with the major dominant or main lactic acid bacteria isolated from kimchi were
studied. Male Sprague-Dawley rats were administered 1% cholesterol and
0.25% sodium cholate to induce hypercholesterolemia. It was found out that
significant decrease in body weight gain, feed efficiency ratio, serum
triglyceride level, serum total cholesterol level, LDL-cholesterol level and
atherogenic index was observed in kimchi lactic acid bacteria groups as
compared to control group fed only high cholesterol diet. Decreased
HDL-cholesterol level by high cholesterol diet was re-increased by kimchi
lactic acid bacteria administered groups. Among the kimchi lactic acid bacteria
groups, the main kimchi lactic acid bacteria group also showed greater effects
on lowering cholesterol level and atherogenic index than the major dominant
kimchi lactic acid bacteria group or commercial kimchi group. Taken together,
it is suggested that the kimchi lactic acid bacteria exerts antiatherosclerotic

effect by reducing serum cholesterol level.
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O Healthy aspects of Bifidobacterium animalis DY -64 Kimchi

To identify healthy aspects of Bifidobacterium animalis DY-64 we prepared
Kimchi containing B. animalis DY-64 and provided to 10 subjects with
constipation symptom for 2 weeks. We investigated the improvement of
constipation symptoms, change of intestinal microflora, enzyme activity in
feces, and immune activities of serum during entire experimental period.
Constipation indexes including bowel movement frequency, straining, stool
consistency, hard stool, sense of complete evacuation were significantly(p<0.05)
improved during the Kimchi administration period. Bifidobacteria and lactobacilli
in feces significantly(p<0.05) increased while Bacteroides spp., Clostridium
spp., Escherichia coli and Staphylococcus spp. significantly (p<0.05) decreased
during the Kimchi administration period. Moreover, enzymatic activities of [
—glucuronidase or [-glucosidase in feces significantly(p<0.05) decreased while
the content of IL-2 and TNF-a significantly(p<0.05) in serum increased. From
these results, We found that B. animalis DY-64 can be used to prepare
functional foods because Kimchi containing Bifidobacterium animalis DY-64
showed the improvement of constipation, intestinal microflora, enzyme activity

in feces, and immune activity in serum.
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O Optimization and development of fermentation and storage conditions

for industrial application.

To settle down the starter Kimchi making process, starter strain should be
supplied in industrial scale. Because generally LAB need a complete nutritional
supply, cost for fermentation of starter strain result in increasing original
Kimchi making cost. To overcome these problems in starter Kimchi making
process, efficient fermentation system, newly reconstructed low cost medium,
and storage condition of starter strain should be developed. So, our research
purpose is to find out the solution of those problems.

In first research year, optimum growth, agitation methods, pH controlling
system and pH controller were determined. All fermentation data were obtained
from BL-jar fermentation not flask culture. When these fermentation conditions
were applied in 300L-scale fermentation, almost the same fermentation results
as cell growth time, pH controlling methods, and final cell concentration, were
obtained.

Also new medium compositions were determined only for Kimchi starter. two
types of media were developed and called as reconstructed medium 1 and
reconstructed medium 2. Cost of reconstructed medium was 25% - 75% lower
than commercial media which was used for LAB production in OEM company.
Final cell concentration in reconstructed medium was more than 5 x 10
cfu/ml. Generally when Kimchi starter was grown in MRS medium, Final cell
concentration was less than 3 x 10”7 cfu/ml. These results means that
reconstructed medium could replace the commercial LAB production medium

and be used for LAB production exclusively.
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Finally, storage condition was set-up. Under these conditions, cell (> 10"
cfu/ml) could survive in the ratio of more than 90% in 28 days. When these
stored-concentrated cell was applied in Kimchi making process, there was no

any problem caused by stored cell.
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@ A=A " 16s rDNA

L agga

Lk

173

¢ (

rJ
it

A4

a7

- Genomic DNA ##]: GNOME DNA kit(Biol01) A&

- 16s tDNA £Z2 93} primer Az 2 PCR

D Ao A ALEE primers

3} 2,

F 57 setE Atg5R o PCREALS &

Pre-denaturation : 95C, bmin

Denaturation
Annealing
Extension

: 95T, 1lmin

: 52T, or 42C(LmesP) 1min 30sec

© 72T, 2min
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- griMgE 24 4 24
Ligation: PCR product + pGEM-T Easy vector(Promega, USA) —
Transformation: E. coli TGl — Sequencing(3+=7] 238t AdA 7)) —

&4 A A Blast pogram(http://www. nchi.nlm.nih.gov)

r
Ar
o
O
=
1o
Jm
0x

1) 23FERDY Ax
30C, 24hr Aujk — 100 mL MRS, 30C, 24A13F — 441 &2(9,500xg, 10
min) — A7 (045 pwm membrane filter, Millipore) — XA FZAAZ
(Labconco., Kansas, USA) — AI(F4]: dialysis membrane, m.w. 1,000) —

FAAZ — £330 mM Tris-HCl, pH 83 or 32 =7/< 4 mL)

2) drelE oA A4S A

Direct method, agar diffusion method(1)

3) drH 8 24 induction &
- Inducing factor 3
4 AT (Lb. plantarum KFRI 464, Lb. delbruekii KFRI 347): 30C, 24hr
— Z+ZF AAEE(9,950%xg, 4C, 15 min) — A + 50 mM Tris-HCI(pH
8.3) 20 mL — sonication(Ampi:60, Pulse:2sec, Time:10min, Sonics VC 130,
Newtown, USA) — HAEZ(9,950xg, 4C, 25 min) — i) AEU £3F
(intracellular extract), ii) cell debris2 & — 1) Al¥EW E3&: membrane

filter(0.45 pm, Millipore)Z A3, ii) cell debris + 20 mL MRS
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1) 229 9%
~ 4, 37, 50, 70°C: 12hr, 100°C: 30min, 121°C: 15min

2) pHe 33
- pH 25060 mM Glycine-HCl), pH 4.5(50 mM Sodium acetate), pH 6.0(50

mM Sodium citrate), pH 7.0(50 mM Phosphate), pH 8.3(50 mM Tris-HCI),

pH 95(50 mM Glycine-NaOH) — 25T, 12hr

3) ZF &2 IF
- AHEES
e TrypsintEC 3.4.21.4 type I, Sigma, Missouri, USA), lipase(EC 3.1.1.3 type
VII, Sigma), protease(type I, Sigma): 50 mM Tris-HCl €% (pH 7.5)
+ pepsin(EC 3.4.23.1 type I, Sigma): 50 mM citrate €+ (pH 2.0)
» proteinase K(EC 3.4.21.64, Sigma): 10 mM Tris-HCI-50 mM NaCl-5 mM
EDTA(pH 7.5)
» o-amylase(EC 3.2.1.1 type VIII-A, Sigma): 0.1 M sodium phosphate % <}
(pH 7.0)
- WA HF 4 mg/mL, 37C, 12hr

- R BRE 58 2N 2oy wja 2 2E A
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He oA A #FE2E Inducing factor & 32

AT (Lb. plantarum KFRI 464): 307C, 24hr — 943#2(9,950xg, 4T,
15 min) — A + 50 mM Tris-HCI(pH 83) — sonication — YA &g
(9,950xg, 4C, 25 min) — 1) AEW E3F(ntracllular extract), ii) cell

derbris + MRS — GJ7 %+ GJ3oll MEZ&E 37k 30T, 24hr v

) A AAz
- AEMEE F gEL F HIdGew AxdT 167%(w/v)] 2Tg ol A
=°l 33 Al#ste] 5~10TNA 4~
S5A1ZF @rstdlnh. Alme] wighnls g E delwlS 100gel] wiate] vt
F 27g, vb= 13g, B 05g, A4A 4.0g, I 1.7g, ¥ 16g, T 1.07g, A&

0.86g, WEIX 0.04gC R SAx HAA e A= 20~21%7 =2 2459

ox.
olf
o

id

FFET GJ7 E= GJ3E WHZ A fE=dE dHgea A

=z
o2
2
ftlo
oY,
=
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N
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o\
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I
i
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u,
=
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2) gurEy

- AAE vhfste] MAAZE AT AAJNOE pHet AT FHSAT

7F pH

- pH meter(Denver Instrument Co., Model 15)% =43} t}.

- AOACH™ el 9Jste] Ao} 10 mLE 0.IN NaOHE&H o= pH 83 =
w74 o] NaOH& < Ao w Aojsglon, o] AL ofef2fd ¢lsto] At
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f: 0.IN NaOH-& % 9]factor

Al (B 45 0.009)
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- B ATAE SFAAFT - O +5E NI Y - @ FHA
ol o% el ey A FERN A ¢ @ RAE 4A BEES W
Zafolok ol BF AHFolth. THBE RYFE BF F v 44

S A, Fitspectrum, AFE Tol 5 1059 #FE AdEA

at

g - A" 105 FFE FATEIA MRS CaCO3-MRS: Ak u) #],

|
Me

PES-3: Leuconostocs A@u|A] m-LBS: LactobacillusZ 1] 2] o) A 2]
WG A 7S Table 1o Atk 1059 5 EF fFAtu]= el MRS<:
CaCO3-MRS9IA & zt3kom CaCOs-MRSAIA = ATl o3& F3t
S FAsHRL, EF catalase 44°2 YEY {FAHFAES YERU ST
PES-3u] A8t A= NJ2, NJ3, YY1, YY47F A&3HA] E35F 31, m-LBS
M GJ27F A&EA Feth YY3E PES-3, m-LBSelA BF A&S 4
ER A B3tk fAr T2l f(genus)ol wE AWEuix= A &3 Edo)
HA Fsto] AAAQ £ -4 A T 757 dAH S grouping H =

= o]gslofof & Aol

Table 1. Cell growth in various media for lactic acid bacteria

Strains

WA GJ2 | GJ3 | GJ6 | GJ7 | NJ1 | NJ2 | NJ3 | YY1 |YY3|YY4

MRS + + + + + + + + + +

CaC0O3-MRS + + + + + + + + + +

PES-3 + + + + + - - - - -

m-LBS - + + + + + + + - +
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7h) dEetA

pul

- BEaFE 102 3k agdA 2 geler
Figure 1). 28 FE 2% 13k olgl

= Yetgde} Colonyol 22 vfiLs 5
AgAE Heloh

) B 2otz

sk v

W 16s tDNA 47144 Z2A
- GJ7 @ LmesP primer seto] 93 PCR product® 1,304bpE <A o™, 16s

rDNA 971849 A3} Leuconostoc citreum AF111949%} 98% Al=A

S Uguo] GJ7E Leu. citreuml® FARAEY I o]
GJ7e.2 e Ach(Fig. 2.).

= Leu. citreum

- GJ2 : LmesP primer setol] 2|3+ PCR product® 1,304bpE L o™ o] 16s
rDNA 9719 A3 Leuconostoc kimchii AF1739863F 99% &4
S el o GI2E Lew kimchil®E EARAH QI oS Leu kimchii
GJ2= Y3}tk (Fig. 3.).

- NJ2 :

1-31-Pprimer setell ¢]3 PCR¥} #714 PCRE %3t & 1210bp=

dderm o] 16s rDNA $@7IME A3} Lactoobacillus  sakei

AF401659¢F 96% “d5/dS WERU o NJ2& L sdkeio2 545 ]
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- YY4:

ol 2 L. sakei NJ2& ™ 3}%tHFig. 4)

1-31-Pprimer setell ¢ PCR¥} 5714 PCR< &3t & 1,210bpE
dAlom o] 16s rDNA <7< ZA3  Lactoobacillus sakei
AF401659¢} 96% 454 YEldo] NJ2& L sakeioZ AL

o2 [ sakei NJ2& ™39t} (Fig. 5)

- GJ3 : LeuP9} LABP primer setel]l 2%t PCR product® 1,053bpE I o™,

- GJ6 :

16s TDNA 97149 ZA3} Leuconostoc kimchii AF1739863 99% A+
A4S UEUol GJ3E Leu kimchii®® FAEACE 16s rDNA
full sequences 7] f3te] o] A7IAEE nto= F714 PCRE&

E3lo] 500bpA = o A5t HF FHAAE Ak h(Fig. 6).

LeuP2} LABP primer seto] 23 PCR product® 1,065bpE 2%lo
™, 16s tDNA @71X<€ A3} Weissella confusa AF4774959F 100%
AEAS Yelo] GJ6S W. confusal® A E 2t 16s rDNA
full sequenced A7] 93t o] FIIANES nvtE o= F714 PCRS

F3le 500bpd = o A%t HF TAANE A sth(Fig. 7).
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Table 2. Morphological and cultural characteristics of the isolated strains

Strains GJ2 GJ3 GJ6 GJ7 NJ1 NJ2 NJ3 YY1l | YY3 | YY4
Gram stain + + + + + + + + + +
short
Morphology| coccus d rod | coccus | rod rod rod rod rod rod
TO
Colony circular | circular | circular | circular | circular | circular | circular | circular | circular | circular
Colony
smooth | smooth | smooth | smooth | smooth | smooth | smooth | smooth | smooth | smooth
surface
Colony cream milk | cream | cream | milk milk milk | cream | milk | cream
color color color | color | color | color | color | color | color | color | color
Colony
ity opaque | opaque | opaque | opaque | opaque | opaque | opaque | opaque | opaque | opaque
opaci

Fig. 1. Gram staining of the isolated strains
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TAACTTAGTGTCGCATGACATCAAGTTAAAAGGCGCTACGGCGTCACCTAGAGATGGATCCGCGGTGCATTAGTTAGTTGGTGGGGTAAAGGCTTACCAAG
ACGATGATGCATAGCCGAGTTGAGAGACTGATCGGCCACATTGGGACTGAGACACGGCCCAAACTCCTACGGGAGGCTGCAGTAGGGAATCTTCCACAATGG
GCGCAAGCCTGATGGAGCAACGCCGCGTGTGTGATGAAGGCTTTCGGGTCGTAAAGCACTGTTGTATGGGAAGAAATGCTAAAATAGGGAATGATTTTAGT
TTGACGGTACCATACCAGAAAGGGACGGCTAAATACGTGCCAGCAGCCGCGGTAATACGTATGTCCCGAGCGTTATCCGGATTTATTGGGCGTAAAGCGAGC
GCAGACGGTTGATTAAGTCTGATGTGAAAGCCCGGAGCTCAACTCCGGAATGGCATTGGAAACTGGTTAACTTGAGTGTTGTAGAGGTAAGTGGAACTCCA
TGTGTAGCGGTGGAATGCGTAGATATATGGAAGAACACCAGTGGCGAAGGCGGCTTACTGGACAACAACTGACGTTGAGGCTCGAAAGTGTGGGTAGCAAA
CAGGATTAGATACCCTGGTAGTCCACACCGTAAACGATGAATACTAGGTGTTAGGAGGTTTCCGCCTCTTAGTGCCGAAGCTAACGCATTAAGTATTCCGCC
TGGGGAGTACGACCGCAAGGTTGAAACTCAAAGGAATAGTCGGGGACCCGCACAAGCGGTGGAGGATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACC
AGGTCTTGACATCCTTTGAAGCTTTTAGAGATAGAACTGTTCTCTTCGGAGACAAAGTGACAGGTGGTGCATGGTCGTCGTCAGCTCGTGTCGTGAGATGT

GACGTCAGATCATCATGCCCCTTATGACCTGGGCTACACACGTGCTACATGGCGATTACAACGAGTTGCCAACCTGCGAAGGTGAGCTAATCTCTTAAAGTA
CGTCTCAGTTCGGACTGCAGTCTGCAACTCGACTGCACGAAGTCGGAATCGCTAGTAATCGCGGATCAGCACGCCGCGGTGAATACGTTCCCGGGTCTTGTA
CACACCGCCCGTCACACCATGGGAGTTTGTAATGCCCAAAGCCGGTGGCCTTACCTTCGGGAGGGAGCCGTCTAAGTGGGACAG

Fig. 2. 16s rDNA sequences of the isolated strain GJ7

CTGTCCCACTTAGACGGCTCCCTCCTTACGGTTAGGCCACCGGCTTTGGGCATTACAAACTCCCATGGTGTGACGGGCGGTGTGTACAAGACCCGGGAACGT
ATTCACCGCGGCGTGCTGATCCGCGATTACTAGCGATTCCGACTTCGTGCAGTCGAGTTGCAGACTGCAGTCCGAACTGAGACGTACTTTAAGAGATTAGCT
CACCTTCGCAGGTTGGCAACTCGTTGTATACGCCATTGTAGCACGTGTGTAGCCCAGGTCATAAGGGGCATGATGATCTGACGTCGTCCCCGCCTTCCTCCG
GTTTGTCACCGGCAGTCTCGCTAGAGTGCCCATCTGAATGCTGGCAACTAACAATAAGGGTTGCGCTCGTTGCGGGACTTAACCCAACATCTCACGACACGA
GCTGACGACGACCATGCACCACCTGTCACTTTGTCTCCGAAGAGAACACTTCTATCTCTAAAAGCTTCAAAGGATGTCAAGACCTGGTAAGGTTCTTCGCGT
TGCTTCGAATTAAACCACATGCTCCACCGCTTGTGCGGGTCCCCGTCAATTCCTTTGAGTTTCAACCTTGCGGTCGTACTCCCCAGGCGGAACACTTAATGC
GTTAGCTTCGGCACTAAGAGGCGGAAACCTCCTAACACCTAGTGTTCATCGTTTACGGTGTGGACTGCCAGGGTATCTAATCCTGTTTGCTACCCACACTTT
CGAGCCTCAACGTCAGTTACAGTCCAGTAAGCCGCCTTCGCCGCTGGTGTTCTTCCATATATCTACGCATTCCACCGCTACACATGGAGTTCCACTTACCTC
TACTGCACTCAAGTTGTCCAGTTTCCAATGCCTTTCCGGAGTTGAGCTCCGGGCTTTCACATCAGACTTAAACAACCGTCTGCGCTCGCTTTACGCCCAATA
AATCCGGATAACGCTCGGGACATACGTATTACCGCGGCTGCTGGCGCGTATTTACGCGTCCCTTTCTGGTATGGTACCGTCACACTAAAATCATTCCCTATT
CTAGCTGTTCTTCCCATACAACAGTGCTTTACGACCCGAAAGCCTTCATCACACACGCGGCGTTGCTCCATCAGGCTTCGCGCCCATTGTGGAAGATTCCCT
ACTGCAGCCTCCCGTAGGAGTTTGGGCCGTGTCTCAGTCCCAATGTGGCCGATCAGTCTCTCAACTCGGCTATGCATCATTGTCTTGGTGAGCCTTTACCTC
ACCAACTAACTAATGCACCGCGGATCCATCTCTAGGTGACGCCGATAGCGCCTTTTAACTTTATGTCATGCGACACTAAGCC

Fig. 3. 16s rDNA sequences of the isolated strain GJ2

ACACTATCCGCTGAACCCATTCACCAAATGAAGACTTTAATGGCTGAAGCTTATCGCCAAGCTAAACCAGTCGTCATCGATCCGGTCGCAGTCGGTTCAATT
CATTATCGTCAGAAAATTATCGATGAACTCTTAGCATTGGGAACACCCCAAATTATCCGCGGGAATGCGGGCGAAATTGCTTATCTAGCTGGTTTAGACTGG
CAAGCTAATGGTATTGATGCAGGCAATGGCGAAATTGATCTCGTAAAAGTTGCTCGAACAGCGGCTAAAAAACAGCAAACAACCATTTTACTTTCAGGTCCA
ACCGATATCATCACTGATGGTCAACACACGACCAAAGTCGCCAATGGCACGCCACTTTTCCAAGTCCACGTCGGCTCTGGCGATATGCTAACTGGTCTTTGC
GCTGCATTTGTCGCCGTTAGTCCTGACAATCCCTATCAAGCGGCCATCGACGCGGCAACGACCTTTGCAGTCGCCGGTCAATTAGTCGCCGAAGCAACGCGA
AGAACCATGCCCACTCCTTTACCGGGTTCTTTTTACCCACAACTATTAGACTGCTTGTTTAACATCACAGCAGCTGACGTTCAAACCCATGCACAAGTCACG
GAGGTCTTAACTCATGAATAATTTCCCACAAACATTAACAATCGCTGGTTCAGATAGTGGTGGCGGCGCCGGTCCAAGCCGACATTAAAACCATCCAAGAAC
GCCACGTCTTTGCCACCAACGTGGTCGTCGCAATTACGGCCCAAAATACAATTGGCGTTCAAGATAGCTTCCCGCTACCGCTCGAACTAGTCACCAAACAGT

ACTTGGGCCCCTTAACACTCGATCCGGTTATGATTGCAAAAGGTGGTGCCTCTCTACTAGCCGACTCCGCCATTGACACCTTAAGATCAGAACTCTTACCTT
TGGCAACTGTCTTAACACCTAAACTACCAGAAGCAGAGGTGTTAACCGGTCAAAAAATTCAAACAACTGCCGATTTTAAAATCGCCGCAACGCAACTGCAAA
AAATGGGTGCTAAAAATATCATCATTAAAGGTGGCCATCTCGATAATAGTGACCAAGCCTGTGATTACGTTCTCTACGCTGATGGTAGTGACGACTGG

Fig. 4. 16s rDNA sequences of the isolated strain NJ2

ACACTATCCGCTGAACCCATTCACCAAATGAAGACTTTAATGGCTGAAGCTTATCGCCAAGCTAAACCAGTCGTCATCGATCCGGTCGCAGTCGGTTCAATT
CATTATCGTCAGAAAATTATCGATGAACTCTTAGCATTGGGAACACCCCAAATTATCCGCGGGAATGCGGGCGAAATTGCTTATCTAGCTGGTTTAGACTGG
CAAGCTAATGGTATTGATGCAGGCAATGGCGAAATTGATCTCGTAAAAGTTGCTCGAACAGCGGCTAAAAAACAGCAAACAACCATTTTACTTTCAGGTCCA
ACCGATATCATCACTGATGGTCAACACACGACCAAAGTCGCCAATGGCACGCCACTTTTCCAAGTCCACGTCGGCTCTGGCGATATGCTAACTGGTCTTTGC
GCTGCATTTGTCGCCGTTAGTCCTGACAATCCCTATCAAGCGGCCATCGACGCGGCAACGACCTTTGCAGTCGCCGGTCAATTAGTCGCCGAAGCAACGCGA
AGAACCATGCCCACTCCTTTACCGGGTTCTTTTTACCCACAACTATTAGACTGCTTGTTTAACATCACAGCAGCTGACGTTCAAACCCATGCACAAGTCACG
GAGGTCTTAACTCATGAATAATTTCCCACAAACATTAACAATCGCTGGTTCAGATAGTGGTGGCGGCGCCGGTCCAAGCCGACATTAAAACCATCCAAGAAC
GCCACGTCTTTGCCACCAACGTGGTCGTCGCAATTACGGCCCAAAATACAATTGGCGTTCAAGATAGCTTCCCGCTACCGCTCGAACTAGTCACCAAACAGT
TTGAATCGCTCGCAGCCGATTTTAAGATCCGAGCCTGTAAAACAGGCATGCTCGCCGATGCTGAGCACGTCGCCGTCGTTGCCCAAAACCTCCGGCACTTCG
ACTTTGGCCCCTTAACACTCGATCCGGTTATGATTGCAAAAGGTGGTGCCTCTCTACTAGCCGACTCCGCCATTGACACCTTAAGATCAGAACTCTTACCTT
TGGCAACTGTCTTAACACCTAAGCTACCAGAAGCAGAGGTGTTAACCGGTCAAAAAATTCAAACAACTGCCGATTTTAAAATCGCCGCAACGCAACTGCAAA
AAATGGGTGCTAAAAATATCATCATTAAAGGTGGCCATCTCGATAATAGTGACCAAGCCTGTGATTACGTTCTCTACGCTGATGGTAGTGACGACTGG

Fig. 5. 16s rDNA sequences of the isolated strain YY4
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AACTCGACACGAGCTGACGACGACCATGCACCACCTGTCACTTTGTCTCCGAAGAGAACACTTCTATCTCTAAAAGCTTCAAAGGATGTCAAGACCTGGTAA
GGTTCTTCGCGTTGCTTCGAATTAAACCACATGCTCCACCGCTTGTGCGGGTCCCCGTCAATTCCTTTGAGTTTCAACCTTGCGGTCGTACTCCCCAGGCGG
AACACTTAATGTGTTAGCTTCGGCACTAAGAGGCGGAAACCTCCTAACACCTAGTGTTCATCGTTTACGGTGTGGACTACCAGGGTATCTAATCCTGTTTGC
TACCCACACTTTCGAGCCTCAACGCCAGTTACAGTCCAGTAAGCCGCCTTCGCCGCTGGTGTTCTTCCATATATCTACGCATTCCACCGCTACACATGGAGT
TCCACTTACCTCTACTGCACTCAAGTTGTCCAGTTTCCAATGCCTTTCCGGAGTTGAGCTCCGGGCTTTCACATCAGACTTAAACAACCGTCTGCGCTCGCT
TTACGCCCAATAAATCCGGATAACGCTCGGGACATACGTATTACCGCGGCTGCTGGCACGTATTTAGCCGTCCCTTTCTGGTATGGTACCGTCACACTAAAA
TCATTCCCTATTCTAGCTGTTCTTCCCATACAACAGTGCTTTACGACCCGAAAGCCTTCATCACACACGCGGCGTTGCTCCATCAGGCTTGCGCCCATTGTG
GAAGATTCCCTACTGCAGCCTCCCGTAGGAGTTTGGGCCGTGTCTCAGTCCCAATGTGGCCGATCAGTCTCTCAACTCGGCTATGCATCATTGTCTTGGTGA
GCCTTTACCTCACCAACTAACTAATGCACCGCGGATCCATCTCTAGGTGACGCCGTAGCGCCTTTTAACTTTATATCATGCGATACTAAGTTTTATTCGGTA
TTAGCATCTGTTTCCAAATGTTATCCCCAGCCTTGAGGCAGGTTATCCACGTGTTACTCACCCGTTCGCCACTCGCTTGAAAGGTGCAAGCACCTCTCGCTG
CGCGTTCGACTTGCATGTATTAGGCACGCCGCA

Fig. 6. 16s rDNA sequences of the isolated strain GJ3

AATACATGCAAGTCGAACGCTTTGTGGTTCAACTGATTTGAAGAGCTTGCTCAGATATGACGATGGACATTGCAAAGAGTGGCGAACGGGTGAGTAACACG
TGGGAAACCTACCTCTTAGCAGGGGATAACATTTGGAAACAGATGCTAATACCGTATAACAATAGCAACCGCATGGTTGCTACTTAAAAGATGGTTCTGCTA
TCACTAAGAGATGGTCCCGCGGTGCATTAGTTAGTTGGTGAGGTAATGGCTCACCAAGACGATGATGCATAGCCGAGTTGAGAGACTGATCGGCCACAATG
GGACTGAGACACGGCCCATACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGGCGAAAGCCTGATGGAGCAACGCCGCGTGTGTGATGAAGGGTT
TCGGCTCGTAAAACACTGTTGTAAGAGAAGAATGACATTGAGAGTAACTGTTCAATGTGTGACGGTATCTTACCAGAAAGGAACGGCTAAATACGTGCCAG
CAGCCGCGGTTAATACGTATGTTCCAAGCGTTATCCGGATTATTGGGCGTAAAGCGAGCGCAGACGGTTATTTAAGTCTGAAGTGAAAGCCCTCAGCTCAAC
TGAGGAATTGCTTTGGAAACTGGATGACTTGAGTGCAGTAGAGGAAAGTGGAACTCCATGTGTAGCGGTGAAATGCGTAGATATATGGAAGAACACCAGTG
GCGAAGGCGGCTTTTTGGACTGTAACTGACGTTGAGGCTCGAAAGTGTGGGTAGCAAACAGGATTAGATACCCTGGTAGTCCACACCGTAAACGATGAGTG
CTAGGTGTTTGAGGGTTTCCGCCCTTAAGTGCCGCAGCTAACGCATTAAGCACTCCGCCTGGGGAGTACGACCGCAAGGTTGAAACTCAAAGGAATTGACGG
GGACCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCCTTGACAACTCCAGAGATGGAGCGTTCCC
TTCGGGGACAAGGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGT

Fig. 7. 16s rDNA sequences of the isolated strain GJ6
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Leuconostoc argentinum DSM 85817 (AF175403)
Leuconostoc lactis JCM 6123T(AB023968)
Leuconostoc citreum AF111949 - GJ7 @ 98%

Leuconostoc kimchii AF173986 - GJ2 , GJ3 : 99%
{ Leuconostoc gelidum DSM 5578T(AF175402)
| Leuconostoc carnosum NCFB 27767(X95977)

— — Leuconostoc mesenteroides subsp. cremoris DSM 20346T(M23034)
Leuconostoc mesenteroides subsp. mesenteroides DSM
T20343"(M23035)
Leuconostoc pseudomesenteroides NCDO 768"(X95979)
Leuconostoc fallax DSM 20189"(S63851)

Oenococcus oeni ATCC

— Weisella paramesenteroides DSM 20288 T(M23033)
J — Weissella thallandensis FS61T(AB023838)
—Weisella hellenica NSFB 2973T(X95981)
____Weissella confusa AF477495- GJ6 : 100%
[] Weisella minor DSM 20014 T(M23039)
{ Weisella vtridescens DSM 20410T(MZ23040)
Wisella kandleri DSM 20593 T(M23038)

Weisella koreensis S5674(AY035892)
— Weisella koreensis S5623T(AY035891)
— Weisella kandleri DSM 20593T(M23038)
Lactobacillus sakei AF401659 - NJ2, YY4 : 99%
Lactobacillus kimchii KCTC 8903PT(AF183558)
{ Lactobacillus plantarum NCDO 1753Y(X52653)

Lactobacillus brevis ATCC 14869T(M58810)
Lactobacillus delbruekii subsp. delbruekii ATCC 9649T(M58814)

Escherichia coli (VO0348)

Fig. 8. Phylogenic relationship between the isolated strains GJ7, GJ2 and
other related bacteria based on 16s rDNA sequence.
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Fig. 9. Growth and production
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Table 3. Inhibition spectrum of the bacteriocin from the isolated strains

Activity
Sensitive indicator
GJ2 | GJ3 | GJ6 | GJ7 | NJ2 | YY4
Lactobacillus plantarum KFRI 464 + + + + + +
Lactobacillus delbruekii KFRI 347 + + + + + +
Leuconostoc mesenteroides KCTC 1628 + + - - + +
Leuconostoc mesenteroides KFRI 218 + + + + + +
Lactobacillus acidophillus KFRI 150 + + + + + +
Lactobacillus plantarum KFRI 236 + + + + + +
Bacillus subtilis ATCC 6633 + + + + + +
Escherichia coli ATCC 25922 + + + + + +
Streptococcus faecalis ATCC 29212 + + + + + +
Streptococcus mutans ATCC 25175 + + + + + +
Micrococcus luters ATCC 9341 + + + + + +
Staphylococcus aureus ATCC 29213 + + + + + +
Salmonella thphimurium ATCC 19430 + + + + + +
Pseudomonas aeroginosa ATCC 27853 + + + + + +
Listeria monocytogenes ATCC 19113 + + + + + +

* For the assay of antibacterial activity, producer strain was directly applied onto
sensitive strains
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Table 4. Inducing effect of Lb. plantarum KFRI 464 on the antibacterial

activity of bacteriocins from the isolated microorganisms

GJ2 | GJ3 | GJ6 | GJ7 | NJ2 | YY4

Bacteriocin alone + ++ + + T4+ T+
Intracellular extract| + ++ + ++ +44+ ++
Lb. plantarum
KFRIL 464 derbis ++4++ | 4| [ | | A+
Bacteriocin alone + ++ + + T4+ T+
.. |Intracellular extract| + +++ + + +++ ++
Lb. delbruekii
KERL 347 derbis + ++ + NRNRNTN, |INRUI [ g

*Lb. plantarum KFRI 464 was used as an indicator. Degree of clarity of clear zoneby
growth inhibition: 1.9~2.0 cm:++++ 17~18 cm: +++ 14~16 cm: ++, 1.1~13 cm: +,
No clear zone: -

Salmonella thphimurium

Listeria monocytogenes

Escherichia coli

Pseudomonas aeroginosa

Fig. 10. Antimicrobial activity of the bactriocin from the isolated
microorganisms
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- 69 dH P A BF 4~121T Wole dAgfo ¢t o GJ3, YY4
dhe] ] 2412 121C 15%A2lel gJste] 23]y H717F F7Fskdth(Table 5).

ol @AYol o5 wH oA wuAe] 3HAH Fxo WP sedsh

Table 5. Effect of temperature an antibacterial activity of bacteriocin

from the isolated microorganisms.

Activity
Temperature(T)

GJ2 GJ3 GJ6 GJ7 NJj2 YY4
4 + ++ + + +++ ++
37 + ++ + + +++ ++
50 + ++ + + +++ ++
70 + ++ + + +++ ++
100 + ++ + + +++ ++
121 + ++° + + 4+ 4+

"Lb. plantarum KFRI 464 was used as an indicator. Degree of clarity of clear zoneby
growth inhibition: 1.9~2.0 cm:++++, 1.7~1.8 cm: +++ 14~16 cm: ++, 1.1~13 cm: +,
No clear zone: -
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- Awrzxlo g pH ¢rAA <A pH 2.

o

~95 A7kl A FAFA YERE O
GJ2%F pH 959+ 9717 245 E Aoz YehtH(Table 6).

- 6%9] "reg] 24l B trypsin, protease, proteinase Kol &7}7F A2 =) a1
n-chymotrypsinel 9l GJ73 YY49 <d7F7F A2 %At Lipase, n

—amylasei= YY45 Al9lst 539 WHZ A B dFs EA FoF 632

Table 6. Effect of pH an antibacterial activity of bacteriocin from the

isolated microorganisms.

Activity

pH

GJ7 GJ2 GJ3 GJ6 NJ2 YY4
25 + + ++ + . +
45 + + ++ + . +
6.0 + + ++ + it ++
7.0 + + ++ + it ++
8.3 + + T + . T
95 + - T + . T

*Lb. plantarum KFRI 464 was used as an indicator. Degree of clarity of clear zoneby
growth inhibition: 1.9~2.0 cm:++++, 1.7~1.8 cm: +++ 14~16 cm: ++, 1.1~1.3 cm: +,
No clear zone: -
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Table 7. Effect of various enzyme on the antibacterial activity of

bacteriocin from the isolated microorganisms.

Activity
Enzyme
(4mg/ml: at 37°C, for 12hr )
GJ2 GJ3 GJ6 GJ7 NJ2 YY4
Control
+ ++ + + +++ ++
(non—enzyme treated sample)
Trypsin - - - - - -
Protease - - - - - -
Lipase + ++ + + +++ -
u-Amylase + ++ + + +++ -
Proteinase K - - - - - -
u-Chymotrypsin + ++ + - +4+ -

*Lb. plantarum KFRI 464 was used as an indicator. Degree of clarity of clear zoneby
growth inhibition: 1.9~2.0 cm:++++, 1.7~1.8 cm: +++, 14~16 cm: ++, 1.1~1.3 cm: +,
No clear zone: -

) ASE 2 g F WA pH
- REES MRSHAGNA 30T, 2443 MF F WA pHOE AR E (A
=245 tHTable 8). o] Ao B Rolids Fw#ow sho] 104 AxA 7
Aol ARe oS 5 = ouARZ AEE7] gadolt dETRE

AR 733 Aubs F= b, plantarum KFRI 4642 2Fskoh. Ao w)$-
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Table 8. Cell growth(Aswp) and pH of the medium.

Lb. plantarum
GJ2 | GI3 | GJ6 | GJ7 NJ2 | YY4
J I J J J KFRI 464
AS%0 253 5.0 3.87 3.33 5.14 5.30 7.76
pH 459 43 452 453 4.27 4.22 4.01

* The six isolated strains were cultivated in MRS media

2) WEA

o Wy T £ g AAVE TEoAL Avk EdE AAFTES LA

AAE BeEFe WIS ZHstel & RS 48] Asd A

65 BEEFE BT 3%7HAs 2 Asstd BT WdA T T, GJT,

AE=(NaCl) 5~7%(w/V)7HA % =2 i AS5S YER

i

NA2, GJ3, YY4

(Ago: °F 3.0) TAAT R HAXHFig. 11). & &ddF 5 9 4d5F=
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Ae00

0 1 3 5 7
NaCl Concentration(%)

Fig. 11. Cell growth in MRS media with NaCl

Table 9. Metabolic characteristics of the isolated microorganisms.

Characteristics GJ7 GJ2 GJ3 GJ6 NJ2 YY4

Glycerol - - - - - -

Erythritol - - - - - -

D-Arabinose - - - - - -

L-Arabinose +

Ribose - + + ?

D—-Xylose - - - + - -

L-Xylose - - - - - -

Adonitol - - - - - -

[i-Methyl-xyloside - - - _ - -

Galactose -

D-Glucose +

D-Fructose

D-Mannose +

L-Sorbose - - - - - -

Inositol - - - - - -

Manitol + + ? + - -

Sorbitol - - - - - -

i—Methyl-D-mannoside - - - - - -
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Characteristics GJ7 GJ2 GJ3 GJ6 NJ2 YY4

u-Methyl-D-Glucoside + + + - . +
N-Acetyl glucosamine + + + i . +
Amygdaline + + + + + ¥
Esculine + + " 4 . .
Salicine + + + + n "
Cellobiose + + n " . B
Maltose + - - + + _
Lactose - - - - - _
Melibiose - - + _ N .
Saccharose + T + . . .
Trehalose + T + _ . .
Inuline - - - _ _ B
Melezitose - - _ _ _ B

D-Raffinose - - - - - -

Amidon - - - - - -

Glycodene - - - - - -

Xylitol - - - - - -

[i-Gentiobiose + + + + + +

D-"Turanose + + + - - -

D-Lyxose - - - - - -

D-Tagatose - - - - - -

D-Fucose - - - - - -

Rhamnose - - - - - -

Dulcitol - - - - - -

“Bold character: 16s tDNA A ¥ W& A A3 databaseWd FLFF9 FL3H99%)
FEdE YEU oY JdiAlsel AR T} — = GJ2¢ GJ3, NJ2¢} YY4%= strain
o] N2 Y& #F<
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=M=
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il
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Table 109 Aol Ao} zFo] Aybdow X7} 7 siltha

04~0.75% WHelel & 1594 AYgste] of 4~54(T a4 HY 15~209)
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Table 10. 5CA ZRF AXNLE 54 2 #FZA
AFd 0(2/12) | 2(2/14) 5(2/17) 7(2/19) 8(2/20) | 12(2/24) | 15(2/27) | 19(3/2) 20(3/3) 25(3/8) | 30(3/13) | 35(3/18)
pH 6.75 6.1 5.785 5.755 5.803 5.569 4907 4616 4175 4.105 4.02 3.95
A=t 0.18 0.22 0.25 0.32 0.31 0.34 0.425 05 0.84 0.89 0.93 0.97
6.9x10° 3.4x10° 4.6x10” 7.8x10° 1.91x10"°  [1.56x10° 6.5x10° 3.2x10° 7.9x10" 3.2x10"
P e — GJ7: 83.4%|GJ7: 83.4%|GJ7: 92.56% |GJ7: 90% |GI7: 85% |GJ7: 80% |GJ7: 80% |GJ7: 75% |GI7: 73% |GIT: 75%
REEEORTEE G 16.6% |1FE 16.6% |(F: 10%  |7HE: 5% |7FE 15%  |ZbEE 20%  |ZbE 10% |7V 15%  |7bE 15%  |7FE 20%
T 15% | 5% Pt 10% | 10% | 12% | 5%
7x10° 4x10° 45x10” 55x10° 2.07x10"°  |1.74x10° 3.7x10° 45x10° 9.3x10" 25%x10"
z MRS |wwwe| wwws GJ7: 90% |GJ7: 85% |GJ7: 80% |GJ7: 85% |GI7: 80% |GJ7: 83% |GJ7: 756% |GJ7: 75% |GI7: 75% |GIT: 72%
5°C_ % T TEE e 109 |RHE 15%  |3bE 10% |74 10%  [7FE 10% |7EE 15%  |[7FE 20%  |RHED 5% |3 25% |7 18%
¢u Tt 10% | 5% | 10% | 2% | 5% | 20% T3 10%
. . , . 1.84x10"°  [1.3x107 5.5x10° 6.4x10° 3.5x10° 1.2x10°
3.7x107 55%10 6.7x107 6.8%10
MRS- gwws | gwwe |G 8% |GI7: 90% |Gy %% |ar7: s0% GJ7: 85% |GJ7: 85% |GJ7: 80% |GJ7: 78% |GI7: 75% |GI7: 70%
Caco3 | "7 7" R e CUEE I I sk 109 [7ha 15% | qbE 2006 |2ha 129 |7 15%  |2har 10%
b 20%  |RHE 109%  |3bE 10% |7 109%
T 5% T 10% | 10% [T 20%
47 A
5 o relg |ekele uh St urol|Sak wrollobd <k of|Exi tho]|Eai tho]|Ea: tto]|Ex: do] |t ek e [A%  w%
as | =a U] Aa ekahAl Al (9ot ebgh{okrh  ubul|ekgt  uei|eRzl upuf|ekau AlstEae R
° E}m; Ak crelelwk  erelele]  Sx(dhgtel W [AuAS  |Alute] (A Ael 8l
. % kS kS 3
P EREAL o+ A2 Ak, e SEEA A AR
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Table 11. 65TCAA TEaF AXTE EA 2 FFFA
A3d 0(1/15) | 5(1/20) 8(1/23) 10(1/25) 11(1/26) | 12(1/27) | 14(1/29) | 18(2/2) 20(2/4) 25(2/9) | 30(2/14) | 35(2/19)
pH 5.75 5.183 5.12 443 4.30 4318 434 4249 4.234 4178 415 4.01
Ax 021 0.34 0.366 0.61 0.73 0.84 0.336 0.84 0.85 0.857 0.88 0.90
3.20x10° 9.8x10" 4.0x10° 6.2x10° 9x10°" 1.4x10° 45x10° 6.0x10° 3.4x10° 8.7x10" 45%x10"

GJ7: 100% |GJ7: 100% |GJ7: 83.4% |GJ7: 80% |GJ7: 85% |GJ7: 83.4% |GJ7: 87% |GJ7: 86% |GJ7: 80% |GJ7: 78% |GJ7: 75%
Tkt 16.6% Fhat: 20% |7t 15% Zhat: 16.6% |2t 13% |2k 14% | 7het: 20%  |[7hetr 129% [7het 15%
Tt 10% [T 10%

LB |#we

3.7x10% 9.9x10" 2.7%10° 4.7%10° 7x10° 5.2x10° 3x10 1.42x10° 7.8x10" 6.2x10 3.9x10"
Fin N GJ7: 100% |GJ7: 100% |GJ7: 83.4% |GJ7: 80% |GJ7: 83.4% |GJ7: 83.4% |GJ]7: 83.4% |GJ7: 83.4%|GJ7: 80% |GJ7: 80% |GJ7: 73%
% 7HE 166%  |ZbE 20% (7T 16.6% |ZFE 16.6% | 7T 16.6% [7HE 16.6% |[ZFE 10% |7 209 |[7bE 27%
6.5C it 10%
¢F
7.2x10° 8.0x10" 2.2x10" 55%x10" 5.3x10" 8x10" 5.3x10" 3x10" 45x10" 1.1x10" 6x10°
MRS- S GJ7: 87.5%|GJ7: 100% |GJ7: 83.4% |GJ7: 85% |GJ7: 82% |GJ7: 66.6% |GJ7: 82% |GJ7: 87% |GJ7: 78% |GJ7: 75% |GJ7: 75%
CaCo03 Gt e 166% |7 15% |74 18%  |XF: 33.3% |7t 18%  [XbaR: 13% | Xk 229  |7bar 25%  [XbaE: 25%
12.5%
A 7 Aok g o) |Exe dte]|Ext gto]|Sat thol|Sx wol|Sfo Af|Sxe uwwHERE gto]|agte] et Sxe ue|dnt B
oh (] 5| ot ue GJ7TeH| s A ue [k gt detAl e (gl da|@A Agtel|glen R x|k R glioksiul gk
. o] ) o] whubo] |GJTRFe]  Hr|o] GJ7ere]  E|5fFauto vy R algt Al =AAIL|e] i 4l
° o dstez gol % wnoz|z ag *o Awst ve 2
rre g o] REg =g
3 Aol
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Table 12. 10TCA d5F AXEEs EA L #FF8 A}
| 0(1/6) 4(1/10) 6(1/10) 8(1/14) 10(1/16) 15(1/21) 20(1/26) 25(1/31) 30(2/5)
pH 5.765 5411 4604 4.37 4172 4179 4.101 4.079 4.039
Az 0.22 0.28 0.47 0.74 0.85 0.34 0.9 0.92 0.95
4.2x10° 5.0x10° 3.4x10° 1.8x10° 9.5x10° 55%10" 34x10" 1.2x10"
LB oo |G 50% GJ7: 80% GJ7: 100% GJ7: 83.4% GJ7: 83.4% GIT: 80% GJ7: 75% GJ7: 74%
BUET b 40% 7 20% 7+ 16.6% 7 16.6% ZHE 20% 2+ 10% M 26%
Tt 10% Tt 5%
. N 2.7x10° 1.55x10’ 7.6x10° 473107 3.1x107 2.5%107
6.6x10 4.7x10°
22| MRS aws oI sass%  larr: ss% GJ: 88.8% GJ7: 85% GJ7: 83.4% GJ7: 75% GJ7: 73% GJ7: 70%
daties |GIT: 84.85% J7: 85% 2t 11.1% 2t 15% 7Hit: 16.6% 7t 15% 2t 12% 2t 30%
10 it 1515% |7t 25%
aE Tt 10% Tt 15%
55x10° 1.3x10° 1x10° 55x10° 4x10° 6.3x10 5.8%10" 4.1x10
MRS- swe GJ7: 50% GJ7: 92.30%  |GJ7: 80% GJ7: 100% GJ7: 83.4% GJ7: 82% DGJ7: 70%  |GJ7: 72%
CaCO03 ST 166% ket 7.69%  |7HaE 20% 7Ht 16.6% ZHt 18% Zht 209% THt 28%
T 166% T 10%
S (o) el ekel e mh whut| ekl o] b[aldte] Wol ufalste] ol uhAurel ol uj|alste] Zapxwt|ai ut ekaiu[au
gogAAlhFe]  uEn oe W Hlv Sxe dae Sxs gwAw dgor|Regd mAA|Aw 2
- Aol dE|ekt Sae w9 A|dgte] wol W |wte] wel W |REdg BRSNS R
O lauan elas @ ol A&
o] o, st
N
P EREAL o+ HA2FA Ak, e EFEA A AR
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AAAD 7z EE

S=EE

A 059% Y W At
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Table 1328 & Z+ Axd AJ|AA e Axdsg EA ¢

A =

ol glo] =%

G
Equ

A
pui

FEAAL M FhoH > TS

44> 0 97T ol e,

254 24

eS| 0(3/10) 5(3/15) 6(3/16) 7(3/10) 9(3/15)
pH 6.75 5.807 5.638 5.505 5.415
2=(%) 0.18 0.29 0.35 0.35 0.37
4.2x10° 4.2x10° 8.5x10° 4.2x10°
B - GI7: 82% GI7: 92% GI7: 92% GI7: 94%
ket 18% Mt 5% 4t 8% Mt 6%
T 3%
3.9x10' 5.2x10° 7.3x10° 6.2x10°
#%| MRS ATES  |GI7: 85% GI7: 87% GI7: 94% GJ7: 92%
¢E 2 15% 2 13% 2Ht: 6% it 8%
4.7x10° 5.87x10° 2.1x10° 3.2x107
MRS- R GI7: 84% GJ7: 85% GJ7: 80.9% |GI7: 87%
Ccaco3| "7 |3 16% 7t 15% 7HE: 14.3% |7HE 13%
<t 4.76%
SROIFSR[TEAF ok 2 oen | dele [ =7 oL
g |[2EREADOI AR 2 o =3 %
ST U A Reln Sae
ol o BE OB olg
P dFTEA s H2IA FARE, e IR b Ak
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¥ AT 047%Y W HE3ER

A7 0~-2CA=E 0.47%Q o)
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54
10(3/20) 16(3/26) 30(4/9) 44(4/23) 58(5/7) 72(5/21) 86(6/4) 100(6/18) 114(7/2) 128(7/16)

pH 5.008 4705 4.401 4.349 4370 4.253 4.097 4.053 4.032 4012
2=(%) 0.47 0.64 0.84 0.75 0.87 0.9 0.91 0.92 0.94 0.96

4.7x10° 35x10° 5.1x10 5.4x10" 4.8x10" 7x107 2.3x10" 1.2x107 35x10° 3.4x10°
LB GJT: 92% GJT: 90%  |GJ7: 92.2% |GJ7: 82% GJ7: 80% GJ7: 78% GJ7: 74% GJT: 5% GJ7: 69% GJ7: 67%
het: 8% e 10%  |Rb 7.8% Zht: 18% Zh 15% T 12% ZH 20% 7H18% Zh 15% That: 20%
A7t 5% T3t 10% Tt 6% T7% T3t 15% -1 13%

3.8x10° 3.2x10° 5.4x10 4.9x10 35x107 6.5%10" 3.2x10" 8.4x10° 4.3x10° 2.1x10°
2 | MRS GJ7: 93% GJ7: 85%  |GJ7: 94.4% |GJ7: 85% GJ7: 82% GJ7: 75% GJ7: 76% GJT: 2% GJ7: 67% GJ7: 62%
0~ | & Het 7% bt 15%  |3h 55% 7t 15% 7t 10% Zhat 25% Zhet 24% Zhet 25% 7rat: 13% et 15%
-2¢ Tt 8% Tt 3% T 20% Tt 23%

2.2x10" 1.1x107 6x10" 9.8 x10° 5 x10° 4x10° 6.7x10° 2.1x10° 1.7x10° 6.7x10°
MRS- |GJ7: 89% GJ7: 710% |GJ7: 83.3% |GJ7: 81.9% |GJ7: 80% GJ7: 75% GJ7: 73% GJ7: 69% GJ7: 65% GJ7: 65%
CaCo |7+ 11% ek 20% |7baR 166%  |[3ba 181%  |1ba 20% ZHt 25% ZHet 15% 2t 31% 7HE 20% 2HE: 25%
3 T 10% T 12% T 10% T 10%

g5 5%
Sk do]|EARE gol|Sa g |Eas gol|ddte] guln]|Sak st obotalA HuH| A% 2 Ak g Ak A
N USRI L IE Q| RIS sfatAh Al9l|Sae 9 oHstul Ant Z|delglen] A
TS o wrd g e ua 2 i Agol|aAw Ad (@ 9
= 7 A
P TFEAL x J2EIN: AR, e T A b A




¥ A= 059%d W HEFE

A7 0~-2CT A= 059% L o)

89 -

Z3d
11(3/21) 17(3/27) 31(4/10) 45(4/24) 59(5/8) 72(5/21) 86(6/4) 100(6/18) 114(7/2) 128(7/16)
pH 4718 4.403 4.439 4.362 4.366 4,254 4132 4075 4,070 4,063
AE(%) 0.59 0.72 0.72 0.8 0.8 0.84 0.86 0.87 0.9 0.91
3.2x10° 4.2x10° 3.2x10° 7x10 4.3x107 3.2x10" 1.5x10" 8.7x10° 5.2x10° 7.7x10°
LB GJ7: 87% GJT: 85% GJ7: 87.5%  |GJ7: 87% GJT: 83% GJ7: 78% GJ7: 76% GJ7: 5% GJ7: 70% GJT: 68%
7ht 13% ZH 15% THF 125%  |3bE 3% e 17% T 12% Zh 20% Tht 25% ZHe 15% ZH 15%
T3 10% T3 10% T 4% T 15% T 17%
2.9x10° 3.8x10° 45x10° 85x10" 3.9x10" 45107 9.8x10° 75x10° 2.2x10° 1.9x10°
i GJ7: 85% GJ7: 90% GJ7: 86% GJ7: 85% GJ7: 84% GJ7: 76% GJ7: 72% GJ7: 70% GJ7: 68% GJ7: 67%
0~ | ~ | MRS
av| F T 12% 2Ht: 10% 7t 7% 2Hat: 15% 2HE: 10% ZHE: 14% 7Ht: 28% 2FE: 30% 2Ht: 22% 7vat: 23%
Tkt 3% T3t 6.6 Tt 6% T3t 10% Tt 10% T3t 10%
15%107 2.2x10° 1.9x107 7 x10° 3.3x10° 6.1x10° 3.2x10° 1.7x10° 1.4x10° 9.5x10"
MRS- |G]7: 87% GI7: 75% GJ7: 84.2% |GJT: 83% GJ7: 18% GJ7: 78% GJ7: 75% GJ7: 74% GJ7: 70% GJ7: 70%
CaCO3 |t 13% Zh 25% e 158% |7 17% e 12% Zht 22% Zh 15% Tht 20% ZH 20% Tk 25%
T 10% T 10% T 6% T 10% T3 5%
sat gl F|man gl Z Lol | FEE el F|Alutel Fatnl|wan gl mas sbogllSat 9 okl A@zauel ¥Ed
XN1= ulo 7.
_ (B BAmes|sA ud 55| jl s Amellcnn Saelwn de, Alen  waA|SAWw  Ae|del  Qes|A un e
#s 5 frehut ek kel AR s A ot 7% gto] Y= u|dg daF, v |9y, FEY|TEF, Vse
Al 2Bk =5
P FFEAL o+ HEITH AL, o AR AL




¥ AT 0.71%Y W H3EFEE

A 0~-2CAE 0.71%9 o)
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A9
12(3/22) 18(3/28) 32(4/11) 46(4/25) 60(5/8) 72(5/21) 86(6/4) 100(6/18) 114(7/2) 128(7/16)
pH 4554 4432 4.481 4.359 4.409 435 421 4.109 4,092 4054
A%(%) 0.71 0.75 0.77 0.81 1.0 0.83 0.83 0.9 0.91 0.94
o N o . 5 6.5x10° 2.3x10° 7.4x10° 2.7x10° 6.1x10°
52410 39710 64310 75410 9910 GIT: 75%  |GJ7: 73%  |GJT: T1%  |GJ7: 63%  |GI7: 62%
. () . () . () . (] . (]
. 0, . 0, . o, . [v) . 0,
LB |[GJ7: 85% GJ7: 84.6% |GJ7: 75% GJ7: 80% GJ7: 81% et 1500 A et 290 e 16% et 200
7Ht 15% b 154% | 3HE 25% 7HE: 20% 7+t 19%
T 10% T 21% T 18%
3.7x10° 4.2x10° 1.27x10° 8.9x10" 3.4x10" 7.2x10° 1.5%10° 4.7x10° 5.1x10° 3.4x10°
MRS GJ7: 90% GJ7: 89% GJ7: 80% GJ7: 82% GJ7: 78% GJ7: 78% GI7: 75% GI7: 75% GJ7: 65% GJ7: 68%
0~ & 7HE 10% HE 11% 7HE 20% 7Ht 18% THE 12% ZHE 12% 2HE 25% 2HE: 25% ZHE: 20% THt 22%
-2T + T 10% T 10% T 15% T 10%
. N . 5 5 . . . 2.8x10" 3.5x10"
MRS- 25%10 1.6x10 4.1x10 35x10 2.1x10 8.2x10 3.1x10 35%10 GIT: 67% GIT: 65%
CaCO GJ7: 85% GJ7: 78% GJ7: 80% GJ7: 825% |GJ7: 81% GI7: 73% GI7: 74% GJ7: 75% 7}%'. 13; 7}‘% 20;
at AP A
7Ht 53% bt 22% 2F:10% 7h 175% | 19% 2R 27% ZHat: 18% 2Hat: 25% ’ o
3 - o -t 20% T 15%
ZHt10% T 8%
52E gro] y|HaE gto](ilute] el H2E uto]|Algte] Zshx|(alut ZFERA|wE| Al vt 7} &F 2] wH| Alnt ZFshA| vk AlgE sk Alst 73
- o= R s = o A | v v B2y Autwk Exs v Eas v Qe 2a3d  |FEsA =A
s N L a7 staiA obal| e 2
&
P EFEA o+ FSIH AT, e SR IN W] AT




Table 14. 32 W @7H79 B& ¥ 2 459 3743 BE 2A2E 54 2 #54 24

A% 0~-2CA=E 0.61%Y o)
24
11(3/21) 17(3/27) 31(4/10) 59(5/8) 72(5/21) 86(6/4) 100(6/18) 114(7/2) 128(7/16)
pH 4514 4657 43 430 4216 4101 4.026 4016 3.96
A%(%) 0.61 0.71 0.77 0.89 0.91 0.95 1.01 1.15 1.25
4.7%10° 5.2x10° 2.2x10°% 4.4x10" 35%10" 5.4x10° 35x10° 1.2x10° 1x10°
LB bt 64% T 70% 2Hit: 545% 7hat: 81% b 5% ZHt 65% THt 65% 7t 60% ZH: 58%
T 26% Tt 10% Tat 22.7% T 12% T 15% T3t 10% Tt 10% T 20% T 22%
w7k 10% 7H 20% Tht 22.7% it 7% &7kt 5% 37H:25% w7H125% F7+1:20% F7Hit:20%
3.31x10° 1.5x10° 4.2x10° 15x10" 1.2x10 2.3x10° 1.7x10° 1.4x10° 75%x10"
That 72% ZHe 60% ZHt 60% Tht 5% ZHe 700% ZH 80% Tht 8% ZH 60% ZH 65%
0~ | T|MRS | 23% T 40% Tt 40% AR 3% T 10% Tt 10% T 12% T 10% T 15%
T | ® &7+t 5% T 22% A7t 10% R 10% W 10% &7+ 10% &7Ht:15%
R 10% AR 5%
710 1.4x107 5x10° 5.4x10° 4.7x10° 35x10* 1.9x10" 2x10" 25x10*
MRS |7H: 85.7% 2 5% 7H 70% 7HE 60% 7HE 70% ZHE: 60% 7H 65% 7HE: 50% ZHE 50%
-CaC |+ 14.2% T 15% T 10% T 31% T 20% T3t 30% T 15% T 30% T 20%
03 2k 10% ZHt 20% AR 9% AR 10% T 10% AR 20% AR 20% 27+10%
FE: 20%
Sxe gto] ofEaE el W{Sxt gto] wGITET o A|FZAAMD ASxe ot go|mxs o glo|dwt W 3 A% w3
#% |7 dvH GJ7R|W Q7R oFy GJTRTE of|H ExE ub A|ste]l b (v w9 Alm st|e w]g Ale sl
o A =AR (s 9 EEA o §le S I L = 9y
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Algsty slEgte] JEste] whx 2 g2 EFA 9} 22 gks UEdlo] o
A B o= 27|(837] 5)7Fo o ZEol+= Ao &&3H AgsA
A= E AT

o E AFE F3H 71EY HATY tdsot viE, 9, 5 59 A=
U FEASE(FE) o8l o] FAMAT, Ao HwEfAFolY E=FAHY
Fe] wEs Aol AF wt FuE AAY Jee AT o
THAX e A AXFTHe] Fazgdd we 543% gho] AdAH=Z gk
F49 wdst B FA87 JbsEs AAlstE Aol

Table 15. 2#& ¥ AR GI3FTTRAA 9 HEEA
234y 0(5/3) 11(5/14) —» AF 21(5/24) 35(6/8)
pH 5.9 4.602 4.395 4.319
A =(%) 0.2 0.5 0.62 0.71
4.1x10° 5.4x10° 4.0x10°
LB TR GI3: 87% GJ3: 85% GI3: 80%
T 13% T 15% T 20%

ez |2 2.8x10° 6.2x10° 3.5x10°

| ~ | MRS T GI3: 90% GJ3: 89% GI3: 85%

S © T3 10% T 11% T 15%

= 1.1x10° 9.8x10° 6.3x107

072 lyrs—c .
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al
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e h A Ao
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P AFEA o+ HEEN: Ak, #x SEMN W] AR
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A>(F)oooxFor w2 HA>FAH AT Foller, @ 9% F4
9 + 1A (Foo0o A7 W GIFHHA>(F)oooxHow F

& AA>FFNAAT ol

=

st

)
rd

GJ7& T3 %1 (283) 6.222 | 4.667 |5.333 | 5.556 | 5.333 | 5.444 | 5.667 |5.444| 5222 | 5.778

()0 0 0237 ] (471)

1

5.006 | 4.444 | 5.222 | 5.222 | 4556 | 5.333 |3.7778| 5444 | 5222

ZaH] " 71(609) 3.889 | 4.778 |4.889| 5 5222 | 5222 | 5222 |4.333| 4.222 | 4.222

z-value 2.345|-142|1.253| 0.671 | 0.256 | 1.668 | 0.577 | 29 | -0.371 | 1.0783

W) FEEYUEY 29 88 (F)oo ol A 109l 93 Vax Hrt

GJ7% T 41 %1 (283) (F)00O0 HA(471) St H 3 74(609)
xR 1.4775 2.045 1.437
GA 86 86 68
Bt 5.0588 5.059 4

9506 AEFEWAA ] froly AF

z-value 2837} 471 0 : Fd3 9=
2832 609 2.179: 3 A&
4712 609 1.797: 93§l
AWMARlL 7|aLolA GJ7ETAA S (F)00 02X = 9P A 138 ol Fan 74
Aol vlste] $-F3tA HrrE Ao, GJTET AR (F)0 0 02=AAA = 95% Al FFolA Fod
UA FolHE AT & gldoy, TN HNTE GITET AR tste] 5% A FEAA F2
ARA TrEA B = A
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2) 22 BH5H7}

b FREUEY 893 (F)000W AT 1030 9% F2 w54

J- 3
A ek | A A | et At o ol | A | =43
A
GJ7& T3 X (967) 585 | 455 | 51 | 5.05 | 49 5 54 5.15 4.8 5.65
(F)O00 02 PA(576) | 545 | 57 | 53 53 | 545 | 535 565 | 465 5.7 5.65

4.3 45 4.95

(o)
@)

S H A 7H(115) 41 | 465 | 445 | 47 | 485 | 47 4.

z-value 111 | -28 | 05| -06 | -1.3 | -0.89 | -0.655 | 1.1 | -2.28 0

W) FERZUHY 29 893 (F)oo oW A7 10l 9§ 75x 7}

GJ7& 212 (967) (F)0 0 0 == 3 2] (576) SN A7 (A15)
Feat 1.22 1.53

g 103 108 80.8

ek 5.14 5.39 4.04
Ho: GJ7& ¥ A A=(F)0 00230, Ha: GJTEHAR>(F)0 0 0 =343
z= 2546, a=0.05°1 A4 ¢] 712t <: 1.645(H3H %)
220& 7179l 294, 3 ER Ho 714X, 5 GITEdaAe ()00 0aAdA = o4 Aol
7]’ u)\‘:}- z=-0.6

o FREUEY o9 84l o 713 H7t

GI7& T3 X (967) ()0 0 O == X (576) T 7(115)
FEHA 1.199 1.565 0.962
& 51.7 41.8 379
Bt 5.744 4.644 4211

Ho: GJ7& w1 A=(5)00 0

2=2.546, a=0.0501 2] 7]2-4: 1,645(%%73 zé)
232 179G x3g. e

RS R=
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3) 3% #=H7L

b FREUEY 893 (F)000W AT 1030 9% F2 w54

q | Ew | ag | e | e (e | W #An | 247
A

GJ7E T4 *1(386) |5.6842| 4.6842 |5.789 | 5.947 | 5579 | 5.6842 | 5556 |[5.6111 5.5789

ol

()00 029313

7D 5.7895| 5.3158 | 4.737| 4.947 | 5.263 |5.2105| 5211 |4.6315| 5.2631 | 5.5263

TR HE7F(699) 39474 4.9444 |5.316| 5526 | 5.368 [5.1052 | 5263 | 5368 | 5.1578 | 5.1578

z-value -0416| -2.223 | 44 |5.081 | 1.302 | 1.5576 | 1.157 |2.6602| -0.725 | 0.2060

Wb FEEUHY 2d 893 (FHooow d-d 108l o3 7ls= 7t

GJ7% 771 21 (386) (3)0 0 0 2% 712 (571) %11 A 7H(699)
EFEA} 0.8144 1.0194 0.886
& 110 96 100
e 5.7895 5.0526 5.263
Ho: GJ7E#AX=(3)0 00227, Ha: GJTETAA>(F)0002=#71%|

a=0.0501 41 9] 717+ 1645(RZAA), Z=2.4616 717t 1B GITEFAAT} 58T

GI7& 7 21 (386) ()0 0 0 2== A (571) T3 H 3 7HH(699)
EFAz 0.6666667 0.881971 1.1666667
Sy 56 40 46
Bt 6.222222 4.444444 511111
Ho GJ7& w4 A]=(5)00 0 2% %], Ha GJ7§ﬁ AA>(F)0 0 02X

2=13.090909, a=0.059l A ¢ 7]2+<: 1.645(H=214)
zi < 717hel 294, a8 EE Ho 717

= GIIETAAL (F)ooo~AAARY} 8 7S EE Bt
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A ste] Az GJ7E 7 X (fructose-GJ7ET A X))ot FH4S HA7FsHA
22 fructose 7} A X (fructose-F B H 7 X]) 18]3l sucrose ¥
2o a2 AZR3 GJ7TET AR (sucrose-GJ7TETAANE A LE X
A (g2 % 05~0656% TEFTE2—>0~-2CAY) ALl w
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- SucroseZE A7} GJ7TET A X7} fructose-GJ7TET A X 9 fructose—F 3 °] 3

ZRRAIEY TEvE | owy JdFEdony AR 2575 (e

™

%
fructose- =T H H7FA X9 A%7t 059% =2 fructose-GJ7Z2TAX Y A%

0.5%, sucrose-GJ7EF 79 A% 055% % &49ks] At=7t S71ko] wle F

4% F7bareln.
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=t o uTE
- fructose-GJ75 T A X], fructose-5H M7} X 2 sucrose-GJ75 T 4 | 9

E4E BY 9 EFAEsbe ARGl
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o 1

T 339 74)7FA fructose-GJ7E T A X (71 ~73%) Rt} sucrose-GJ7&
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T H AN (T3~75%) FF B =A HEsth

A§ fructose-F U H7FA X 7F 7H4 Ao, sucrose-GJ7E T A

N

R

o

o)

]o] AF=7) fructose-GJ7E WA A 9] AtERTE vl Sdx Esta @
Alell = vz Al YERS T

- wukel A9 sucrose-GJ7ET A A7} fructose-GJ7TE T AA BT G277 G

A EAA H BA GEey BeAds wss

w2 threshold vale’} tt27] uj
Eis

A o] @5k sucrose-GJ7E T A A 9] @l T e 5f9 wuke
Y ER A T
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o o)A AFRE AYIHE Leuw citreum GJ7S sucrose, fructose 25 FhAL
7F 7bsskH ol B utiabel] B wEAbEo]l dEbd #e g xzshd
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Table 16. F9HF 23 FFHA 9 TREA

7Y
AZAF(FF F 129) 4 1F4(F=F 19¢)
Fructose GJ7 Fructose Control Sucrose GJ7 Fructose GJ7 Fructose Control Sucrose GJ7
pH 4.82 494 4.83 479 473 465
A= 0.52 05 051 0.54 0.55 0.61
qx 2.48 247 2.22 252 2.23 2.38
9E 5.25-5.5 5.25 575 4.25 5.0 5.25
3 3 3 7 3.2x10° 7
1.35%10 3.7%10 3.6x10 4.9x10 - 7bE T5% 2.2x10
CaCO; |- GJ7: 75% -zt 60% - GIT: 805% - GIT: 80% ) ;; 15; - GIT: 80%
-MRS |- ZHE: 20% - T 40% - ZH 195% - ZH 20% T - ZH 20%
- A0 5%
- gt 5% N
- BE 5%
- 2.48x10° 7.6x10° 75%10° 3.32x10" 35x10" 8.3x10’
; MRS | GJT: 80% - ZH 60% - GJ7: 80% - GJ7: 75% - ZH 65% - GJ7: 75%
° - ZH: 15% - T 30% - ZH 10% - 2 20% - T 25% - ZHE 25%
- ¢ 5% - ZHF 10% - Tt 10% - Tt 5% - &R 10%
9.5%10° 2.6%10° 55%10° 9.7x10" 1.21x10 4.0x10"
—_ GJT: 80% - ZH 65% - GJ7: 75% - GJ7: 75% - ZHt 70% - GJ7: 80%
- ZH 20% - A7 25% - ZH 25% - ZHE 15% - T 30% - 2 10%
~ T 10% - T 10% ~ T 10%
Sucrose GJ7E1 % X7} Fructose GJ7E2H A X Ho} wg7F o WA Fructose GJ7&3 7 X7} Sucrose GJ7EW A o= 8 R o
& R uko] .
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L

A 27 (83 F 269)

=4 3F (45 F 339)

Fructose GJ7 Fructose Control Sucrose GJ7 Fructose GJ7 Fructose Control Sucrose GJ7
pH 4.81 4.668 4733 4.579 4.309 4.51
ALE 0.51 0.59 0.55 0.65 0.76 0.69
S 2.32 2.22 2.13 2.44 2.21 2.4
9= 5.25 4.0 6.0 55 3.75 6.0
34x10° 2.9x10" 1.25x10" 1.33x10" 1.3x10" 9.9x10°
CaCOs |- GJ7: 75% - 2t 60% - GJ7: 80% - GJ7: 70% - 2t 50% - GJ7: 715%
-MRS |- 3t 25% - T3 35% - kit 20% - ZHt 20% - T3 50% - Xkt 25%
- 8% 5%
15x10" 2.8x10" 3.3x10" 1.6x10" 4.4x10° 1.88x10"
MBS | GJ7: 75% - It 65% - GJ7: 80% - GJ7: 5% - 2t 45% - GJ7: 80%
- Zkt 25% - T3t 35% - kit 20% - Zkt: 25% - T3t 55% - kit 20%
5.6x10" 9.8x10° ; 4.5x10° 7.4x10° 5
. 3.7x10 } 8.7x10
- GJ7: 80% - Xkt 80% - GJ7: 5% - Zkat 40%
LB - GJT7: 5% - GJ7: 70%
- Zkt 10% - T 20% } - Zkt: 15% - T3t 60% )
- kit 25% - Xkt 30%
- 7 10% - 7 10%
- AA A 715 % Sucrose GJ>T7Fructose GJ7>Fructose C - AA A 715 % Sucrose=GJ7Fructose GJ7>Fructose C
- Algk: Fructose C>Sucrose GJ7=Fructose GJ7 - Algk: Fructose C>Sucrose GJ7=Fructose GJ7
& - @k Sucrose GJ7>Fructose GJ7>Fructose C - @k Sucrose GJ7>Fructose GJ7>Fructose C

i
ST

2= 9k Sucrose GJ7>Fructose GJ7> Fructose C

S u: Fructose ColA &

[
ST

2= 9k Sucrose GJ7>Fructose GJ7> Fructose C
S U: Fructose Coll A &
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7 13 w7}
- 1% H7le] 93 dAA AL V|EEE  fructose-GJ7E T 7 X > sucrose-GJ7
FHHA>(F)0 009 AFHA A >fructose-E T H| A 7FH A £=0] At}
e A A =
HsgE I I I I O I G B (O B o G 5 B ks I A I g ety
ghuk 715 %
Fructose
~GJ7E 7] |3.6842(5.8047| 3.7368 | 5.1052 | 4.2105 | 4.8421 | 3.7368 | 5.0526 | 3.8421 | 4.4210 | 4.8947 | 5.7894
=] (405)
Fructose
-Z 1] % 714.4210(5.1578| 5.1052 | 5.6315 | 3.8421 | 3.6842 | 3.7894 | 3.5789 | 4.2631 | 2.7894 | 4.7894 | 3.8947
2] (233)
Sucrose
-GJ7E 7 14.2105]5.4210| 3.9473 | 5.3684 | 4.1578 | 5.0526 | 3.1578 | 4.9473 | 3.3684 | 3.6315 | 4.7368 | 5.4592
=] (578)
()000 N _ . _
(607) 4.5263(5.0526| 3.1052 | 5.8421 | 6.1578 | 3.9473 | 5.4210 | 4.3157 | 4.0000 | 4.7894 | 4.8947 | 5.0526
W) 22k 587t
- 22 H7te] o3 AAZ S 71EEE fructose-GJ7E T 7 X > sucrose-GJ7E
HA > (F)0 0 09 A#A A >fructose-F TR H 7 A =0l At
37 A A
s A g7 | ESE | AR | Al | dgb | At it I A g oy
ghak 75 %
Fructose
-GJ7E 17 |4.3684(5.7894| 4.2105 | 5.4210 | 3.9473 | 5.4736 | 3.7368 | 4.5789 4 4.4210 | 4.8947 | 6.0526
2] (603)
Fructose
-1t 0) 3 71(4.9473|4.9473| 4.7368 | 6.2363 | 4.1578 | 3.2105 | 3.4210 | 3.5789 | 4.5789 | 3.0000 | 4.7894 | 4.1578
7 2](312)
Sucrose
~GJ7E1 7 |4.3684(5.9473 | 3.9473 | 5.4736 | 4.1578 | 5.2631 | 3.1578 | 4.9473 | 3.8421 | 4.3684 | 4.7368 | 5.9056
2] (406)
(F)000
(795) 4.3684|5.5263| 3.4210 | 7.2105 | 6.7368 | 4.7368 | 5.7894 | 4.4736 4 4.8947 | 3.8947 | 5.8947
9}
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Table 17. £ &R 93 FHAX ¥F £ FTFFA
2344
W) F 2 & %4 15(15973)
10T o] 3(A): 2&2F A(5Y)|10T ol3H(B): TE F £4(B8Y)| 10T 9 ¥ (A): T&EF &4 10T °JsH(B): &8 & =4
GJ7 Control GJ7 Control GJ7 Control GJ7 Control
pH 43813 4.804 4.86 192 4544 4.454 43813 4.986
A= 053 0.535 051 0.495 0.67 0.75 0.525 0.48
d= 242 24 2.78 2,62 261 2.75 2.36 258
3= 5.25 5.0 9.0-9.25 875 6.0 5.0 8.25 6.75
1.97x10" 5.2x10° 1.06x10° 1.22x10° 1.4x10" 4.2x10" 5.02x10° 1.1x10°
CaCOs |- GJ7: 90% - 2+ 65% - GJ7: 97.1% |- 2+@: 418% |- GJT: 75% - 2 66% |- GJT: 5% - ZHE 60%
-MRS |- zH#: 31% |- 7T 25% - b 28% |- THi581% |- % 25% |- T 5% |- b 25% |- P 20%
- 2 69% |- A7 10% - ER20%
2.34x10 2.98x10" 1.71x10° 1.32x10° 4.0x10 6.4x107 35%x10" 45%x107
Eis MES | GJT: 85% - 2+ 60% - GJ7: 97% - 2+ 393% |- GJ7: 70% - ZHE 60% |- GJ7: 80% - ZH 709%
3 - bt 10% - T 20% - 7 3% - T 606% |- ZbT 20% |- T 40% |- b 10% |- TR 30%
- 3 5% - g 20% - T 10% - T 10%
1.42x10" 1.24x10" 6.7x10 8 o 10 1.7x10" 2.0x10° 2.8x10" 1.4x10°
B | GJT: 85% - b 60% - GJT: 97% B s 1000 | GJ7: 70% - 2 60% |- GJ7: 80% - b 70%
- 2 136% |- T 20% - 7 3% O 2 10% |- T 40% |- XbEE20% |- TRaE 30%
- bt 14% |- A7 20% — T 20%
- A, Belsl % GJ7EF A9 wEst o we gy - AAA 7/]5%: B GJT>A GJ7>B olat C>A o4 C
e - control 2.t} @ylo] um control Bte] B33 - Aluk A C>A GJ7>B C>B GJ7
#s - "k B GJ7>B C>A GJ7T>A C
- Exe vH(AAAHO R oF3h): B GJ7>B C=A GJ7>A C
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34

=4 25(23943)

%7435(35973)

10T o] 3 (A): 2aF &4

10C ©)3H(B): && F &4

10T °]3(A): 2EF £4

10C °|3(B): & & £4

S

A ] 3E
- wew 9

: controlo]| A Zo]

GJ7 Control GJ7 Control GJ7 Control GJ7 Control
pH 4.347 4.301 465 452 4193 4.025 4.42 4.29
A 0.755 0.77 0.59 0.68 0.9 0.925 0.76 0.85
= 245 25 252 245 2.44 252 2.65 255
g3z 6.5 5.0 6.5-6.75 55 6.0 5.0-5.25 6.5-6.75 5.0
1.2x10 8.9x10" 2.0x10° 2.0x10° 7.8x10° 2.3x10" 1.5x10° 1.6x10°
CaCOs |- GJ7: 70% - g 60% - GJ7: 70% - ZHE 60% - GJ7: 65% - 2 50% - GJ7: 70% - g 50%
-MRS |- 2 20% - T 30% - 2 20% - T 20% - b 25% - T 50% - 2 30% - T 50%
- T 10% - ER: 10% - T 10% - A 20% |- T 10%
1.2x10" 1.47x10° 4.2x10" 1.47x10° 8x10" 5.4x10" 2.9x10" 5.6x10°
T MES | GJT: 70% - 2+ 60% - GJ7: 75% - 7+ 60% - GJ7: 70% - ZHE 40% - GJ7: 70% - 2-d 50%
* - e 30% - T 40% - 2 25% - T 40% - ZHE 20% - T 60% - ZHE: 30% - T 50%
- T 10%
7x10° 6.5%10° 2.3x10" 3.8x10° 4x10° 1.9x10° 8.6x10° 5.3x10°
—_ GJT: 70% - g 0% - GJ7: 70% - 7+ 50% - GJ7: 65% - ZHE 60% - GJ7: 75% - g 60%
- ZHE 30% - T 30% - 2+ 30% - T 50% - ZHE 20% - T 40% - 2+ 15% - T 40%
- T 10% - T 10%
- AA A 7]5%: B GJT>A GJ7>B C>A C - AAA 715%: B GJ7>A GJ7>B C>A C
- A9k A C>A GJ7>B C>B GJ7 - gk A C>A GJ7>B C>B GJ7
#5 |- 9% B GJ7>A GJ7>B C=A C - @k B GJ7>A GJ7>B C=A C
- BERE o(AAH R oke): B GJ7T>A GJ7>B C>A C - ExE u(@AAHoR kel B GJ7>A GJ7>B C>A C
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Table 1. Composition of experimental diet

Groups Diet composition

NOR Basal diet”

CON Basal diet + EtOH?

A Basal diet + A” + EtOH
B Basal diet + BY + EtOH
C Basal diet + C” + EtOH

1
2
3)
4)

5)

3)

According to AIN-93 diet composition

EtOH : 35 % ethanol(lO mL/kg of bw/day, po) treated group
A : kimchi made by % &+

B : kimchi made by % ﬂz B3 T A

C : kimchi purchased from market

a4 24

b 24 1 g3 49 =] 025 M sucrose buffer(pH 7.5)Z 7}atar Wy alol A
ultra turax homogenizer(Janke & Kunkel, Germany)Z 10,000 xgol 4 2&7F
w2 &ttt mhaRe] AXF = thiobarbituric acid reactive substances(TBARS)
shafF S ALg8¥ T, UHAE 4 T, 600 xg oA 1083 A& sl 9
2 oHaky RS AAT ¥ FAAES 15000 xgellA 2087F A4t
xanthine oxidase(X0O), superoxide dismutase(SOD), catalase, glutathione

peroxidase(GSH-Px) &4 =49 a4

e
¥

Ay ZAel Al
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o

7+ 22 01 gol 5%(W/V) sulfosalicylic acid(SSA) 2 mLE 7}sfa w3

< 10,000 xgoll A 10+7F YA EZ 3t A NS glutathione(GSH) &2 =4 o
Abgelth. @42 #23F9] alanine aminotransferase(ALT) 2 asparate

aminotransferase(AST) &4 S =43t}

- 7FZ# % xanthine oxidase &4-& Downey %2 WH, SODEAE Crapo 5

5)

o] W catalase@A S Aebio] W, GSH-PxEA-S Flohe 59 ®Wlog =4
sttt #FakslA A kS malondialdehyde™S thiobarbituric acid® B] 24 23}
= Buege ¢ Austd] W, glutathione(GSH)&2-S Tietzeo] Wi o= =A43titk

AFo] ALT % ASTEA 2 Reitman- Frankel ol 9Jsle] ZA|E o}AbA]|<f

KitE AHgstel Zgateln.

2 (one-way analysis of variance)2 3+ & p<0.05 FFolA] Tukey(T) testE

o]-g3te] Fs AA AT
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- v AAFToR " AAA), ¢HS v AT o R '@ AAB) B A
FAXN(C)E MAZ t}S ultra turax homogenizer(10,000 xg, 2%)& n} s

S FAAZst 70T WE BastaA AlgE AREEATH

2) AFTEY A5 2 Aol
- 57 %9 Sprague DawleyZ &4 3F 50vte]lE 10¢4 ASA7 & AT
100+10 g%l AL FyH] oJste] 537 (Table )22 UFi 655 A5
2 1% Zd=dHE3

o nEHsEHEES fFEdols AIN-93S V=S

0.25% ZAUYEFS H7tste] Alg At dudds Ede P uirtgol

T AsolM AFAA Aol ATE Aete] APMA de] ATz yrof Al
To7hER EASEAAL, HoldARHE dAFA G Ao Holgge

ATS7HEE Aol ge= o] Axtsdtt.
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Table 1. Composition of diet

Group Diet composition

N)R Basal diet"”

CON Basal diet + cholesterol(1.00%) + sodium cholate(0.25%)
A Basal diet + cholesterol(1.00%) + sodium cholate(0.25%) + 10% A?
B Basal diet + cholesterol(1.00%) + sodium cholate(0.25%) + 10%B"”
C Basal diet + cholesterol(1.00%) + sodium cholate(0.25%) + 10%C”

v According to AIN-93 diet composition
? A @ kimchi made by $-% &
? B : kimchi made by $-%% M9t~

Y C : kimchi purchased from market

3) A= AH

AFHE 16/7F AAAZ)
o 600 x goll A 10%3t
d2 Reitman®} Frankel?] WHo =z

g ZAel Agetgm deAE A4

4) 834 NAdFsx &34

== =
> s}

- d933 U =HE g

kit(Am202-k, Asan), HDL- Zd2H|
ZA) ¥ kit(Am203-k, Asan),
ZA " kit(AM157S-K. Asan),

1l

kit(AM157S-K. Asan)Z A}-g&3dlo]

d2HZ-HDL Zd 2" Z-(FAA2/5

FelxHE FFM FelEdzHE

=

Richmond® &AW

ZA

)

kits AR&3te] ALT % ASTE

48 Al

2 =S Noma 59

Eng®t Nobled]

Attt LDL =49 2~H

i

o2 ZYadHdE o AHE e

’

13 S
=

@
i

FS oW gow Fada A
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o] 9= w4 o] &HE &M sIA g (atherogenic index @ ADv (FF

dl2~ElE- HDL-Z¢ 28 &/ HDL-Zd 28 &2 Uro] Astsdl

5) BAAY
- A A= SPSS Packages ©|&3le] Ay Ht + AT OAE HAISHS
EAA oA HALS dY9ujx] E4HEA (one-way analysis of variance)S

T p<0.05 FFo A Tukey(T) testE o] &3to] A3 AAsIAT

Ko SN

¥_
-|o
o>|
ok

e

D) F454A3(H T AAF, LDs mg/kg S4)

g

o
o,

#A

oft
NI\

7 B FAL el

- AFEA AGA, w2 A S 1500, 1,700 2 2,100mg/kg ol A 244 ZF ol
14, 1,900mg/kgel Al 38 Fol 287 FAS ¥ UHAe= AL AL
2500mg/kg7H A= AAFF(LDs) S YWERNA] erokrh Hg AJFEEA BollA,
TAdE Fe T IR TS w AbgElE 24A1 %Al 1,700
2,100mg/kgel A 1%, 524 ol 2,100mg/kgel A 1al, 7844 2500mg/kgel A 1
A7F AAge s B UnAE 2R A% ALt AEED A9 A9 2
o] B oA Fojg I ZF(2500mg/kg) 7= AAFH(LDs)S YERY
A gkgkrh wEbd FAEAHES YEhE G WS =8 Aow A74En ®

MP=dE HAW FolA 2500mg/kgol dell M 54485 YEtWA &=

A Ed 2 ddE v (Table D).

- 17 -



Table 1. Acute toxicity of sample A and B in mice.

Animal Dose LDso
700 | 900 | 1,100 | 1,300 | 1,500 | 1,700 | 1,900 | 2,100 | 2,300 | 2,500
(mouse) (mg/kg) (mg/kg)
A P 06|06 06 | 06 1/6 1/6 | 2/6 1/6 0/6 0/6 |> 2,500
B LP 06|06 06 | 06 | 06 1/6 | 0/6 2/6 0/6 1/6 |> 2,500

TR A AdA

Il
dedFolrydt dxaodA 710U A e 1At (Table 2).

Table 2. Mortality and LDsp values in mice administered with sample A

and B for 7 days?

Spec Dose |Days after treatment Final LDsy |Days after treatment| Final LDso
ecies
P (mg/kg)|0 1 3 5 7 Mortality | (mg/kg) |0 1 3 5 7 |Mortality | (mg/kg)
A B
5,000 0/6 0/6 0/6 0/6 0/6 0/6 0/6 0/6 0/6 0/6 0/6 0/6
2,500 0/6 0/6 0/6 0/6 0/6 0/6 0/6 0/6 0/6 0/6 0/6 0/6
Mouse {1,250 0/6 0/6 0/6 0/6 0/6 0/6 > 5.00 0/6 0/6 0/6 0/6 0/6 0/6 > 5.00
625 0/6 0/6 0/6 0/6 0/6 0/6 0/6 0/6 0/6 0/6 0/6 0/6
0.00 0/6 0/6 0/6 0/6 0/6 0/6 0/6 0/6 0/6 0/6 0/6 0/6

? Values are expressed as number of dead animals/total animals

- 5000mg/kgFol e A9 AE oA FolAF okzhe] BB a7 e
i, %o 32 A ol Aabel fALE AHE APE Aol WAEo, 7]
g ARedel 798 FESAe HRHA ggor] xR Fo 4
T AALEAo]l HEFRA oY F LA FATHTable 3, 4).
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Table 3. Clinical signs in mice administered with sample A and B for 7

days?
.. Days after
.. |Dose Clinical Hours Days after treatment |Hours
Species . treatment
(mg/kg) |signs [1 2--5 6|1 3 5 7 1 2-5 6 L3 5 7

A B

5000 NAD 06060606 0606 0606 06060606 0606 0606
2500 NAD 06060606 0606 0606 06060606 0606 0606
Mouse (1,250 NAD 0/6 060606 0606 0606 06060606 0606 0606
625 NAD 06060606 0606 0606 06060606 0606 0606
000 NAD 06060606 0606 0606 06060606 0606 0606

# Values are expressed as number of dead animals/total animals
> NAD : no abnormality detected
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3= YEA gkt (Table 4).

- 119 -



Table 4 . Body weights in mice administered with sample A and B for 7

days?
S Dose Days after treatment
Sex
(mg/kg) 0 1 3 5 7

5,000 31.0 £ 1.1 309 £1.1 359 £ 1.1 36.2 = 0.7 36.9 = 1.1

A 2,500 305 £ 1.0 31/1 £ 12339 £ 16 346 + 1.0 35.2 =+ 1.0
1,250 306 £ 1.2 312 +£1.434.1 %+ 15 361 + 1.7 364 £ 1.7
0.00 30.8 £ 0.7 30.3 £19350=+19 358 £1.5 36.1 £ 1.7
5,000 23.7 £ 13 216 15266 £ 1.5 26.6 £ 2.0 26.8 = 2.7

B 2,500 235+ 1.3 258 15260 £ 16 264 + 1.8 264 + 1.5
1,250 237 £ 1.0 231+ 15271 16 270+ 1.7 263 1.5
0.00 239 + 1.2 242 + 14264 £ 1.1 266 =+ 1.3 26.3 = 1.3

? Values are expressed as mean=S.D.
" Significantly different from the control at p<0.05

SR fzes ANRED Fojwe] wE FrdA Wohe $obE 270

WA A okt (Table 5). o< AlgddzolM AJgde2d A % B 47F
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Table 5 . Gross findings of necropsy in mice administered with sample

A and B for 7 days?

. Dose Observation Frequency Observation Frequency
Species
(mg/kg) A B
5,000 N.G.L. 6/6 N.G.L. 6/6
2,500 N.G.L. 6/6 N.G.L. 6/6
Mouse
1,250 N.G.L. 6/6 N.G.L. 6/6
0.000 N.G.L. 6/6 N.G.L. 6/6

# Values are expressed as animal numbers, ° N.G.L. : no gross lesion
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Table 6. Mortality of rats administered with sample A and B for 30

days*™
Dose 0 7 14 21 28 30 end .
Sample Mortality
(mg/kg) (days)

0 0/6 0/6 1/6 0/5 0/5 0/5 T.S 1/6

A 1,250 0/6 0/6 0/6 0/6 0/6 0/6 T.S 0/6
2,500 0/6 0/6 1/6 0/5 1/5 0/4 T.S 2/6

5,000 0/6 0/6 0/6 1/6 0/5 0/5 T.S 1/6

0 0/6 0/6 0/6 0/6 0/6 0/6 T.S 0/6

B 1,250 0/6 0/6 0/6 0/6 1/6 0/5 T.S 1/6
2,500 0/6 1/6 0/5 0/5 0/5 0/5 T.S 1/6

5,000 0/6 0/6 0/6 0/6 0/6 0/6 T.S 0/6

*Rats were administered orally with sample A and B once a day for 30days, "Values
are expressed as the numbers of dead animals/total numbers of animals, “T.S : terminal
sacrifice.
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- AFEE AFOOA, xS 744 18, 182 7 2 2194 7 14,
ANA=d BRI, A& oA 1494 144 Aol #&FHA=d|, o]
AR AHEHY FAFAAGAA BFE HAbeh vz R AP el

AFANY] =& Fdte] fEd AR Aoy, AErF AebA] ki =
o2}
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2] g kcH(Table 7).

yul

Table 7. Clinical signs in rats administered with sample A and B for 30

days*”
Dose Clinical 1 7 14 21 28 30
Sample .
(mg/kg) | signs (days)
0 NAD® 0/6 0/6 1/6 0/5 0/5 0/5
soft stool 1
A 1,250 NAD 0/6 0/6 0/6 0/6 0/6 0/6
2,500 NAD 0/6 0/6 1/6 0/5 1/5 0/4
5,000 NAD 0/6 0/6 0/6 1/6 0/5 0/5
soft stool 1 1
0 NAD 0/6 0/6 0/6 0/6 0/6 0/6
1,250 NAD 0/6 0/6 0/6 0/6 1/5 0/5
B soft stool 1
2,500 NAD 0/6 1/6 0/5 0/5 0/6 0/5
5,000 NAD 0/6 0/6 0/6 0/6 0/6 0/6

“Rats were administered orally with sample A and B once a day for 30 days, "Values
are expressed as the numbers of dead animals/total numbers of animals, ‘NAD : no
abnormalities detected.
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3 250 r A-5.00
= 200 —~—B-0(mg/kg)
g 150 | —~B-1.25

| ——B-2.50

100 —B-5.00

50 |

o ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ |

0 3 7 10 14 17 21 24 29
Days

Fig.1. Body weight change in rats administered with sample A and B for 30 daysa:

2 Rats were administered orally with sample A and B once a day for 30 days.
b Values(unit:g)are expressed as means = S.D. for 4 to 6 rats.

IREREE

=2 gdEglen, ofgld 44 Fol 3dA LdH] Ao w

(Fig. 2).
30
S 25 - —
= ——A-0(mg/kg)
E L = A-1.25
2 20 A-2.50
S 15 b A-5.00
> —~—B-0(mg/kg)
S 1oL —-B-1.25
< ——B-2.50
s 5 L —B-5.00
a
0
3 7 10 14 17 21 24 28
Days

Fig.2. Food comsumption in rats administered with sample A and B for 30 days&®

@ Rats were administered orally with sample A and B once a day for 30 days.
b Values(unit:g)are expressed as means = S.D. for 4 to 6 rats.
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= oM, AF, ARHAT % 2

AAG Folddes Fe vAA &= Aoz Addth(Figd).

Daily water comsumption
w
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Fig.3. Water comsumption in rats administered with sample A and B for 30 days?@?®

2 Rats were administered orally with sample A and B once a day for 30 days.
b Values(unit:ig)are expressed as means = S.D. for 4 to 6 rats.
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(Table 8).
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Table 8. Levels of serum biochemical indices in rats administered with

sample A and B for 30 days®”

A B
(Units) 0 1,250 2,500 5,000 0 1,250 2500 5,000
Dose(mg/kg)
ALT(U/L) 35+12 40+7 3711 39+11 27+8 3210 29+12 38+8

AST(U/L) | 139+20 141+49 134+24 137+26 125+23 129429 143+34 | 135+23

BUN(mg/dD) | 16+2.2 19+2.1 18£1.9 18+2.1 19+1.3 23+2.0° 21+3.5 20£3.0

GLU(mg/dD) | 134%24 13136 132+20 145+23" 149+27 139+37 14178 | 156469

ALP(U/L) 125458 120+50 130+42 137+38 125+26 139+16 135+41 137+34

“Rats were administered orally with sample A and B once a day for 30days.
PValues(unit : gm/day)represent means+ S.D. for 4 to 6 rats.
“Significantly different from the control at P<0.05
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Table 9. Gross findings in rats administered with sample A and B for
5.00

30 days®®

A
0 1.25 2.50 5.00 0 1.25 250
4 5 6 5 5 6
5(100%) | 6(100%) | 5(100%) | 5(100%) |6(100%)
5 5 6
5(100%) | 5(100%) |6(100%)
6

Dose
6
4(100%)
6
6(100%)
5
6(1

(mg/kg)
Kidney
5
5(100%) | 6(100%)
4 5
5(100%)
5

5(100%) | 5(100%)

5

00%)

6

No. of observation
6
4(100%)
6

%) |6(100%6)

No. gross findings
Heart
No. of observation 5
No. gross findings 5(100%) | 6(100%6)
Spleen
5 6 4 5
5(100%) | 6(100%) | 4(100%) | 5(100%) | 6(100%)

5
5(100%) | 5(100

6
6(100%)

5
5(100%)

4

6
4(100%)

No. of observation
6(100%)

No. gross findings

5(100%)

No. g
ross findings
T}

=
B

32
o

No. of observation
are expressed as animal numbers(the percentage of animal numbers).

oh) B %
- 7t A71e Adis gt Al o
HE Z7hE = L

-]
(Table 10).

Liver
5
“Rats were administered orally with sample A and B once a day for 30days. "Values
o]
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Table 10. Absolute and relative organ weights in rats administered

withsample A and B for 30 days®’

Dose A B
(mg/kg) 0 1.25 2.50 5.00 0 1.25 2.50 5.00

Kidney(g) [1.48+0.141 |2.73+0.456 |2.96+0.378 [2.00+0.488 [1.85+0.133 {1.93+0.155 |1.95+0.223 |1.78+0.067
Rel.wt 0.39+£0.400 {0.76+0.063 |0.80+0.060 [0.79+0.085 |0.78+0.029 |0.82+0.049 |0.82+0.060 [0.77+0.012

Heart(g) [1.24+0.096 [1.26+0.127 |1.26+0.193 |1.32+0.169 |0.86+0.093 |0.89+0.133 |0.95+0.001 |0.84+0.076
Rel.wt 0.32£0.040 {0.34+0.033 0.34+0.027 [0.35£0.025 |0.36+0.032 0.38+0.040 |0.40+0.006 [0.38+0.050

Spleen(g) (0.70£0.104 |0.66+0.123 |0.69£0.186 [0.70£0.158 [0.46+0.037 |0.47+0.031 {0.51+0.054 {0.48+0.049
Rel.wt 0.19£0.036 |0.17+0.027 0.18£0.034 [0.18+0.034 |0.19+0.017 |0.20+0.016 |0.22+0.022 [0.21+£0.016

Liver(g) [11.10+1.375 [10.96+1.716 |10.74+1.386 | 11.94+2.514 |7.22+0.649 |7.37+0.625 |7.79+1.029 |6.94+0.507
Rel.wt 2.95+0.262 [2.96+0.259 [2.92+0.197 [3.16+£0.469 |3.07£0.268 |3.16+0.288 |3.33£0.369 |3.05+0.234

“Rats were administered orally with sample A and B once a day for 30days.
bValueS(unitig) are expressed as means* S.D. for 4 to 6 rats.
‘Ret.wt : Relative organ weights were expressed as the percentage of organ

o] de olmAEAAANA AF(E FHoto] B, F APl HAHT HaE
Fl 5000mg/kgoll M= ARt DAty Hap B G &4 aFE &
Tl AFdEd ddd Fodde WS R HA Fstong AFEEE A

2 Bell W3 HERE AR A] FAEFES 5000me/kgeldd Aow FA

L SYAFFE ol8stof wE P iR TSAEY

1) =394 &9 A3(in vitro 238)
- Rancimat® =33+ A3t Ao A, A3 A4=(ADE A7F 146, B7F 1.32, C

2d< veEbdlen, Ao 4ol 7HE =kt

rlo
il

7F 13082 x4 =
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- oAt AAFES pH 1.29] 4$ A7 86.3%, B7F 87.0%, C7F 75.2%, pH
429 79 A7} 70.3%, B7} 72.3%, C7t 67.8%, pH 6.0°] A% A7} 155%, B
7} 20.6%, C7F 15.0% %= pHA atell whel 3t vetwom, Algaghe] &A
2-g-& frAbsta T

- A AR I A S-S AZF 89.7%, B7F 83.0%, C7F 78.3% = Be A &o]
b Egtoy tiETE AFE3 BHTS oA 8(94.2%) Bt} whgkt),

2) =394 &% A (Gin vivo AY)

) 7t Arel gara

A

&

ot

- Soybean oilell W3 zZ} Az IAEHE =A

N

A= Table 119 2t
Al(antioxidant index)= A7} 146, B7} 1.32, C7F 1.3022 2% dlz7 5t 3
AbstE ol = vERer AlRg A kst e] A f-assinh o] Ay
= AR A FAtstAEs YEhls Bdol o dRHo et A

2 = At

v

el

Table 11. Antioxidative activities of samples on soybean oil

samplel> P? ATY
control 7.83 h 1.00
A 11.50 h 1.46
B 10.39 h 1.32
C 10.20 h 1.30

YSee the legend of Table 1

?1P: Induction period (hr) of oil was determined by Rancimat test at 110C

YAl antioxidant index was expressed as IP of soybean oil (control) containing various
sample
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Table 12. The growth rate of rats fed alcohol and/or sample A, B and C

el Growth rate”
Groups 0 1 2 3 4 5 6

NOR? | 0 | 1.309+0.026”* | 1.362+0.012" | 1.433+0.014* | 1.509+0.052° | 1.71120.018" | 1.918+0.01°
CON | 0 | 1.042+0.025° |1.059+0.019°|1.091=0.038"|1.228+0.014" | 1.249+0.051" | 1.265+0.065"
A 0 | 1.110+0.008" |1.244+0.012°|1.323+0.069°| 1.475+0.015 | 1.560+0.073* | 1.623+0.005°
B 0 | 1.107+0.017> |1.181+0.019”|1.264+0.015" | 1.318+0.085" | 1.354+0.031™ | 1.567+0.051°
C 0 | 1114+0.015" |1.215+0.038"|1.323+0.050" | 1.332+0.932" | 1.446%0.031° | 1.550+0.086°

1) Growth rate (Wi /Wpy):Ratio of the body weight (W;) to initial body weight (W),
Values are mean = S.E. of 10 rats per each group. 2) See the legend of Table 1, 3)
Values with different superscripts in the same row are significantly different (p<0.05)
between groups by Tukey(T) test

Table 13. The feed efficiency ratio (FER) of rats fed alcohol and/or

sample A, B and C

Groups H
NOR CON A B C
Contents
FER? 0.137+0.005° | 0.074+0.018" | 0.138+0.008" | 0.122+0.005* | 0.134+0.014

1) See the legend of Table 1

2) FER (feed efficiency ratio) : The total amount of weight increased/the total intake of
food , Values are mean +S.E. of 10 rats per each group.

3) Values with different superscripts in the same row are significantly different (p<0.05)
between groups by Tukey(T) test
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Table 14. The activities of ALT and AST in serum of rats fed alcohol a

nd/or sample A, B and C

E o 6 weeks

activities NORY CON A B C

ALT? 27.41+2.30% | 36.94+1.29° | 28.98+1.73" | 27.09+1.90° | 26.84+0.65"

AST? 12367+4.63" 15874897 129.90+5.64° 1275628 451 125.7+4.21°

1) See the legend of Table 1

2) Karmen unit/mL of serum Values are mean * S.E. of 10 rats per each group

3) Values with different superscripts in the same row are significantly different
(p<0.05) between groups by Tukey(T) test

o) Ao xAF P ELDY

- 3714 AMEANAME  superoxide radical(Os), hydroxyl radical(OH) %
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Table 15. The activities of catalase, SOD, XO and GSH-Px in liver of

rats fed alcohol and/or sample A, B and C

Enzyme 6 weeks
activities NORY CON A B C
Catalase® 4,789.00 6,874.00 4,788.00 4,807.00 4,698.00
atalase
+439.9°% +509.6" +271.3® +279.2% +300.6%

sop? 2241+2.05" | 30.24+1.93° | 26.42+352% 23.52+1.97° 25.40+1.56™
xo? 28.98+22.187 | 43.45+1.00" | 3865+6.12° |  40.05+9.02” 39.87+4.81”

GSH-Px”| 327.80+30.39"| 421.90+43.66°| 330.50+60.91°| 342.55+14.09" | 355.30+49.93"

1) See the legend of Table 1, 2) mol/min/mg protein, 3) decreased HO: gmol/min/mg
protein 4) mU/g protein, 5) decreased NADPH gmol/min/mg protein, Values are
meantS.E. of 10 rats per each group, 6) Values with different superscripts in the same row
are significantly different (p<0.05) between groups by Tukey(T) test
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Table 16. The contents of thiobarbituric acid (TBA)-reactants in liver of

rats fed alcohol and/or sample A, B and C

Groups 6 weeks
Content NOR” CON A B C
TBARS 6.09+0.24 | 9.71+0.42™ 8.46+0.56* | 8.61+0.32° | 9.04+0.44¢

1) See the legend of Table 1, Values are mean + S.E. of 10 rats per each group
2) Values with different superscripts in the same row are significantly different (p<0.05)

between groups by Tukey(T) test
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Table 17. The contents of glutathione(GSH) in liver of rats fed alcohol

and/or sample A, B and C

6 weeks
Groups

Content
NOR CON A B

C

GSH (mg/g liver) | 50.34+2.10° | 30.54+1.85" | 49.21+1.89° | 4856+2.56" | 45.89+2.46°

1) See the legend of Table 1, Values are mean + S.E. of 10 rats per each group

2) Values with different superscripts in the same row are significantly different (p<0.05)

between groups by Tukey(T) test
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Table 18. Weight gain in rats fed high cholesterol diet

week Growth rate”

Gr()ups 1 2 3 4 5 6

NOR” 1.21£0.02”%  150+0.06 1.82+0.04 2.11+0.02% 2.48+0.04*  2.84+0.10%
CON 1.20+0.02°  1.50+0.03*  1.75+0.03" 227+0.04* 2.78+0.04"  2.93+0.05"
A 1.09+0.007*  153+0.03°  2.25+0.04 2.26+0.06° 251+0.05% 2.72+0.05®

B 1.10£0.008"  159+0.04"  2.40+0.05™ 245%0.04° 2.63+0.05"  2.83+0.04°

C 1.17+0.01°  1.44+0.03° 220+0.02°° 2.13+0.02* 2.38+0.03° 2.62+0.03

1) See the legend of Table 1

2) Growth rate ( Wi/Wp) : Ratio of the body weight (W) to initial body weight (W)

3) Mean * SE(n=10), Values with different superscripts in the same row are significantly
different(p<0.05) between groups by Tukey(T)test.
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Table 19. Serum activities of aspartate aminotransferas(AST) and

alanine aminotransferase(ALT) in rats fed high cholesterol diet for 6

weeks
Activity(Karmen unit/mL serum)
Groupl>
AST ALT
NOR 117.639.46% 32.09+3.00°
CON 167.17+959° 51.45+32%°
A 120.12+7.38 36.36+5.94°
B 145.37+13.82° 46.08+1.93™
C 125.86+12.78° 40.98+5.61%°

1) See the legend of Table 1.

2) Mean+S.E.(n=10), Values with different superscripts in the same row are significantly

different(p<0.05) between groups by Tukey(T) test.

- 138 -



|
a

944 %

=i
=

A2

A

H 2

3 2 =+

w3 o N N T K Tm TR S MW oW o
T oM OE " T o = oz = =
3 S KU U T - S T e N
= W £ bom T Lo B W k2 of
iE < ,ul A ﬂl w N 3 m _Z,.# Z, EE io = <0 —_ ZT
e % of = W B o X O 4 g & y
b F*E oo _ﬁc . 4 . % )
I e S ° - D T
W < 4 2 o= = T B S
R R R R TS L
o ®H N W O N & BN 2o
G wm T o Hﬂo T
I FE 2SS 2w s £ b g 25 % "o g
G A U E s % e 2% 5 %5 op T
ﬂe Wm :ﬁ ooy = g @ 2 A = ® w g W wr
N -~ = G ™
o ~ MM T No _..W: o W =0 TK %@ m E BT o Z. X0
o X4 W s §ERX .H O T o = O
o N = Mo o o e X < @)
oMoy E N A8 fo T W WS =z 2 oW
ol o e & 5 o 4 A T N N Y
g o om o e o 5 T D bk oy T om0 g
EEEREERER TR RS RS
T - L R TR =
e o o T .m N ™ o " N I o8
TEag g w4 T B Ao g oy
m . & = L oF <] =5 No B S~ ol = N n =
8 T .. W ¥ = & = W T oW i =)
& g ¥ 2 X 5 oo 2 Lo ¥ DS =
S v T % i B A ot = B3
ooz o o2 ™o omw g 8 4 0 m 2 < 9
2T o P RaeT B TNE NG R ox oM
2 o
O = M m_u._v o W B o= J@M o = = Mo T
R T T R S 4 & = . = T
N R R A A
A A B S-SR S
T T T T R R HE-
O . A - ST o -
=0 N Hom oW g N X E . A
XK X ® T o ol 5T N X T K B X ®W L& T W

ol

3T

B

S

o]= NORel H]

H

147 epd Ase A7hEy

S
!

=
=

- 139 -

2 A 237 VLDLY #E g2



FRE Aol w3t 2 BAUA

gl

ojf

= teFet adlew fiEw, AeEd|Ads
(coronary heart disease, CHD)9] fFURIAIZE= o8] 7F4] B3HAQ1 2Rlo] glon}t 1
FTAXE H T SFHEHETIF F83 AR dEA . A s B A
W &% thromboxane Ao(TXA2) @ Fol AL =t & AA A=

w7t aFYaEHE o= ke S ER S

%
off
i
1o
ol
[
5
N
B~
)

WA =8tz Blste] Folah S/ S sHEs 5 Al
A e AT F S B olye A 5 S Aew FAH

o},

Table 20. Serum concentrations of triglyceride, total cholesterol and

phospholipid in rats fed high cholesterol diet for 6 weeks

Concentration(mg/dL)
Groupl)
Triglyceride Total cholesterol Phospolipid

NOR 51.99+3.75° 128.90+12.03" 248.95+27.29%
CON 69.02+8.14° 324.58+40.37" 193.39+26.62°

A 52.54+2 54 198.16+£16.68" 232.04+12.71*

B 55.25+4.81% 240.83+19.29¢ 220.27+18.27°

C 56.62+6.39° 220.10+ 9.77° 230.03+22.50%

1) See the legend of Table 1.
2) Mean+S.E.(n=10), Values with different superscripts in the same row are significantly
different(p<0.05) between groups by Tukey(T) test.
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Table 21. Serum concentrations of free cholesterol, cholesteryl ester and

cholesteryl ester ratio in rats fed high cholesterol diet for 6 weeks

. , concentrations(mg/dL) cholesteryl ester
roup ratio(%)”
free cholesterol cholesteryl ester
NOR 29.66+2.90% 99.24+15.79% 76.99
CON 45.62+4.74 288.96+42.39" 89.03
A 25.22+1.84% 157.94+21.69" 77.84
B 28.80+3.80" 198.22+25.69° 82.40
C 27.88+8.36" 174.12+18.39° 79.40

1) See the legend of Table 1.
2) Cholesteryl ester ratio(%) : Cholesteryl ester / Total cholesterolx100

3) MeantS.E.(n=10), Values with different superscripts in the same row are significantly

different(p<0.05) between groups by Tukey(T) test.

5) 8% % LDL- ZdU2HESE, HDL-ZH2HE5%E, HDL-ZHZ2HEF

- AAA RS} nFHHEA S 6577 A HodA €3 T LDL- %
=
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%, HDL-ZdaHEs=/F2d v E5E2e v WA sAS

of mlAl= P3FS Table 229 ot LDL-ZFd2HEsEs LI3d2HE2 0

HolZ NORET 90%°]d T7Hsiey AAA s ABC w92 CON
717y 14.0%, 14.3%, 24.7% freolstA A 47 3
o] B AATY SASFA FAHL wF o] AfAE oA oo
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LDL-Ed&HEde] v S7FEa dane] F45u
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dzo] fuw
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HDL-Z2d 2 EsEs AZd 2 E40] Hel® NORO Hldte] 34.1%7F 3t
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Table 22. Serum concentrations of LDL-cholesterol and HDL-cholesterol,
HDL-cholesterol/total cholesterol and AI in rats fed high cholesterol

diet for 6 weeks

concentration(mg/dL)
Group" HDL-C/TC? ATY
LDL-cholesterol HDL-cholesterol

NOR 61.13+29.79* 59.37+6.44" 0.46£0.42% 1.25
CON 116.34+33.24° 39.13+8.65" 0.13+0.17° 7.30
A 87.76+28.49* 51.09+4.95° 0.35£0.30% 2.84

B 87.59+10.71* 44.93+9.26" 0.23+0.43° 3.24

C 99.74+8.48" 48.29+8.6" 0.27+0.32° 2.6

1) See the legend of Table 1.

2) HDL-C/TC=HDL~-cholesterol/total cholesterol

3) Al(atherosclerotic index) =(total cholesterol - HDL-cholesterol)/HDL-cholesterol

4) Mean+S.E.(n=10), Values with different superscripts in the same row are significantly
different(p<0.05) between groups by Tukey(T) test
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Before experiment Questionnaire
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<Subjects selection—

S —

-1 0 1 2 3 4
< Basal period »<—— Treatment period ———<—— No treatment ——
1 T
bifidobacteria &3 bifidobacteria &+ <%

Fig. 2. Study algorithm. Time schedule for selection of subjects and

bifidobacteria supplement treatment
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cfu(colony forming unit)® YERH ST}

—
[}
oft

Zz A 79 mAd"dwREE  BL(Glucose - blood liver),
EG(Eggerth-Gagnon) agars AH&3tlal, & 27|14 WAE, Bacteroides,
Bifidobacterium, Clostridium perfringens, Escherichia coli, Lactobacillus,
Staphylococcus®] A B8R 2= Z+ZF Blood agar, NBGT(Neomycin sulfate -
brilliant green — taurocholate) agar, BS(Bifidobacterium — selective) agar,
NN(Neomycin - nagler) agar, DHL(Desoxycholate - hydrogen sulfide -
lactose) agar, m-LBS(Lactobacillus—selective) agar,
PEES(Phenylethylalcohol-egg yolk-selective) agar TS AM-g&3tdtl. o] g
iAo A Mg AgRS mdstar, 37CoA 48417 skl 5714
A EE 37Tl 48413 7] widstiar, 714 mAES WS flaiA
= Gas Pak anaerobic jar(Vented#4360627, BBL, U.S.A)Z o]-&3}o] 37Tl A

A8A17F &t Wikt Bifidobacteria®l 73-5- v/ By A| ol & k= colony
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o}, B. animalis DY-64 &2l primer X &t

- B. animalis DY-64 ¢ sequence® Genbanke]| ¢+ bifidobacteria®]

sequence®}t M aLdte] 5ol A<l primerE ¥/ 33Tt

—
DY-64 AATGCGTGACCAACCTGCCCTGTGCACCGGAATAGCTCCTGGAAACGGGTGGTAATACCG 94
lactis AATGCGTGACCAACCTGCCCTGTGCACCGGAATAGCTCCTGGAAACGGGTGGTAATACCG 149
animalis AATGCGTGACCAACCTGCCCTGTGCACCGGAATAGCTCCTGGAAACGGGTGGTAATACCG 157
Infantis AATGCGTGACCAACCTGCCCTGTGCACCGGAATAGCTCCTGGAAACGGGTGGTAATACCG 157
pseudolonguml AATGCGTGACCGACCTGCCCCATGCACCGGAATAGCTCCTGGAAACGGGTGGTAATGCCG 135
bifidum1 AATGAGTGACCGAGATGCCGCATGCTCCGGAATAGCTCCTGGAAACGGGTGGTAATGCCG 126
bifidum?2 AATGCGTGACCGACCTGCCCCATGCTCCGGAATAGCTCCTGGAAACGGGTGGTAATGCCG 147
brevel AATGCGTGACCGACCTGCCCCATGCACCGGAATAGCTCCTGGAAACGGGTGGTAATGCCG 167
iti AATGCGTGACCGACCTGCCCCATACACCGGAATAGCTCCTGGAAACGGGTGGTAATGCCG 151
pseudolongum?2  AATGCGTGACCGACCTGCCCNATACACCGGAATAGCTCCTGGAAACGGGTGGTAATGCCG 176
longuml AATGCGTGACCGACCTGCCCCATACACCGGAATAGCTCCTGGAAACGGGTGGTAATGCCG 177
longum2 AATGCGTGACCGACCTGCCCCATACACCGGAATAGCTCCTGGAAACGGGTGGTAATGCCG 148

adolecentis AATGCGTGACCGACCTGCCCCATACACCGGAATAGCTCCTGGAAACGGGTGGTAATGCCG 147
catenulatum  AATGCGTGACCNACCTGCCNNATACACCGGAATAGCTCCTGGAAACGGGTGGTAATGCCG 177

DY-64 GATGCTCCGCTCCATCGCATGGTGGGGTGGGAAATGCTTTTGCGGCATGGGATGGGGTCG 154
lactis GATGCTCCGCTCCATCGCATGGTGGGGTGGGAAATGCTTTTGCGGCATGGGATGGGGTCG 209
animalis GATGCTCCGCTCCATCGCATGGTGGGGTGGGAAATGCTTTTGCGGCATGGGATGGGGTCG 217
Infantis GATGCTCCGCTCCATCGCATGGTGGGGTGGGAAATGCTTTTGCGGCATGGGATGGGGTCG 217
pseudolongum GATGTTCCACATGAGCGCATGCGAGTGTGGGAAAGGCTTTTGCGGCATGGGATGGGGTCG 195
bifiduml GATGTTCCACATGATCGCATGTGATTGTGGGAAAGATTCTATCGGCGTGGGATGGGGTCG 186
bifidum2 GATGTTCCACATGATCGCATGTGATTGTGGGAAAGATTCTATCGGCGTGGGATGGGGTCG 207
brevel GATGCTCCATCACACCGCATGGTGTGTTGGGAAAGCCTTTG-CGGCATGGGATGGGGTCG 226
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iti GAGCTCCAGTTGATCGCATGGTCTTCTGGGAAA-GCTTTCGCGGTATGGGATGGGGTCG 210
pseudolongum? GATGTTCCAGTTGATCGCATGGTCTTCTGGNAAA-GCTTTCGCGGTATGGGATGGGGTCG 235
longuml GATGCTCCAGTTGATCGCATGGTCTTCTGGGAAA-GCTTTCGCGGTATGGGATGGGGTCG 236
longum? GATGCTCCAGTTGATCGCATGGTCTTCTGGGAAA-GCTTTCGCGGTATGGGATGGGGTCG 207
adolecentis GATGCTCCAGTTGGATGCATGTCCTTCTGGGAAA-GATTCATCGGTATGGGATGGGGTCG 206
catenulatum  GATGCTCCGACTCCTCGCATGGGGTGTCGGNAAAGATTTCATCGGTATGGGATGGGGTCG 237

DY-64 TGGGTAG-CACCCGAAGCCGGT-GGCCCGACCCTTGTGGGG-GGAGCCGTCTAAGGTGAG 1389
lactis TGGGTAG-CACCCGAAGCCGGT-GGCCCGACCCTTGTGGGG-GGAGCCGTCTAAGGTGAG 1444
animalis TGGGTAG-CACCCGAAGCCGGT-GGCCCGACCCTTGTGGGG-GGAGCCGTCTAAGGTGAG 1452
Infantis TGGGTAGACACCCGAAGCCGGTTGGCCCGACCCTTGTTGGG-GGAGCCGTCTAAGGTGAA 1460
pseudologum TGGGCAG-CACCCGAAGACGGT-GGCCTAACCCTTGTGGGG-GGAGCCGTC-~———-—-~ 1421
bifiduml TGGGCAG-CACCCGAAGCCGGTGGCCTAACCCCTTGTGGGATGGAGCCGTCTAAGGTGAG 1412
bifidum?2 TGGGCAG-CACCCGAAGCCGGTGGCCTAACCCCTTGTGGGATGGAGCCGTCTAAGGTGAG 1434
brevel TGGGCAG-CACCCGAAGCCGGTGGCCTAACCCCTTGCGGGAGGGAGCCGTCTAAGGTGAG 1456
iti TGGGTAG-CACCCG—————————————— -~ 1390
pseudolongum TGGGCAG-CACCCGAAGCCGGTGGCCTNACCCCTTGTGGGATGGAGCCGTCTNAGGTGAG 1460
longum1 TGGGCAG-CACCCGAAGCCGGTGGCCTAACCCCTTGTGGGATGGAGCCGTCTAAGGTGAG 1461
longum?2 TGGGCAG-CACCCGAAGCCGGTGGCCTAACCCCTTGTGGGATGGAGCCGTCTAAGGTGAG 1432

adolecentis TGGGTAG-CACCCGAAGCCGGTGGCCCAACCTTTTGGGGGG---AGCCGTCTAAGGTGAG 1432
catenulatum  TGGGTAG-CACCCGAAGCCGGTGGCCTNACCCNTTGTGGGATGGAGCCGTCTAAGGTGAG 1463

sedokosk skok skokokokoksk

HF. B. animalis DY-64 &tel

- 4

) Axe] EW bifidobacteria % B. animalis DY-645 3F213}7] £ 3}

ki)

BS #iAd EAlet= F2YE o] &3t =Y PCR (Perkin-Elimer, Boston,

MA)< A W FE colonyol]l thsto] AFEH Zofolw = o3 2o

ArsF zefolm: 5-AATACCGGATGCTCCGCTC- 3 (A8 s 2)
AHaF Zetolm: 5-CCTTAGACGGCTCCCCCC- 3 (A9 & 3)
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- 224 PCR ¥FrgHe 25 pmole? Z+ Z#lolW, premix 2u0(Bioneer jit, ™),

ZZzHAL 94T, 587+ WA (denaturation) Al

o|\

SDDW 5 ulE AH&3taith. PCR
ol 4 16%, 72T oA 30x ZzlA 30 AlolEs
. AA

713 94T oA 30%, 60T
2 AAEATT P s T A

TS F 2CAA 32 TEHI}E UL
2 JElF B Zulo]l=(ethidium bromide)”’} *238E olrtz=z= A

stu A9 g ZAbske] st

1) B-Glucuronidase activity
- WS 75mM potassium phosphate buffere] 3]43%F 3 3mM phenolphthalein

glucuronide®} &3&+3te] 37ColA 3087+

1172 Wkg-S AA A7l F 560nmeol A

2) B-Glucosidase activity

pud

- EWS 75mM potassium phosphate buffere] 343 & 7]&<¢l 50mM
p-nitrophenyl fi-D-glucopyranoside (Sigma, USA)¢} Z3tsle] 37ColA 10%
AAANZL F 405nmolA FFE=E

el e}
]'*o"a_ o

_ll}l'

7+ ¥k&- A7 31 glycine buffer®

oh MY =3

37175k w1Fvhe BgAe] dle AAstel APol o] gHadrt
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Table 1. Change of constipation symptoms of subjects during

experimental periods.

During During After After
Items Before

1 wks 2 wks 1 wks 2 wks
Straining (%) 60 10 10 10 10

Bowel movement a . " " "
0.31 £ 093" 062 +£0.12° 065 = 0.12° 043 £ 0.12° 0.39 £ 0.12

frequency (BM/day)

Sense of complete

. 100 30 30 30 40
evacuation (%)
Stool consistency
30 10 0 10 10
(hard stool, %)
Abdominal
. ) 80 20 20 20 30
discomfort/pain (%)
ct &4 o|dE 735
- AR AR Ay HH A F AH S Fo vAE FF 2 Table 291 2

o Ad Al A didRe el sAFeR EAEs Al e

bifidobacteria, Clostridium, bacteroides 9= ¢ 4 AUt} bifidobacteria”}

A3, AA AHAFH T 2FAFEH= oA AA FE 71 Sl
Bacteroides, Clostridium, E. coli , Staphylococcus <& Fo 4oz 743}

T Fol= tAl S/ ke A S UEH Y o]= bifidobacteria
=

- 1583 -
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Table 2. Effect of Bifidobacteria Kimchi on the component of human

fecal bacteria

Microorganism Before During 1 wks During 2 wks After 1 wks After 2 wks

Total anaerobic 1
. 975 £ 0.55 997 £ 0.27 9.99 + 0.30 10.04 +0.42 9.84 + 0.71
bacteria

Total aerobic 2 . b be .
. 7.32 £ 0.67% 7.28 £ 0.82 7.37 £ 0.63 779 £ 0.44 7.89 + 0.63
bacteria

Bacteroides 851 = 0.60° 840 + 0.30° 840 + 0.40° 858 + 050° 858 + 0.48"
Bifidobacterium 879 + 0.72° 9.68 +0.20° 965 + 026" 931 + 053" 892 + 0.74°
CL perfringens 864 = 0.78" 808 + 0.82° 815 + 048" 831 + 072" 862 + 028
E. coli 6.76 = 058" 599 + 050° 606 + 0.32° 690 + 056° 697 + 050
Staphylococcus 579 + 0.46° 452 = 064" 495 + 030" 536 £ 047° 508 + 0.45™

Lactobacillus 532 = 0.86° 6.02 = 0.96" 611 = 091" 617 = 1.19" 650 + 1.16°

1MeanirSD, Data were analyzed by Duncan’s multiple range test.
Different superscripts within a row indicate significant difference (p<0.05)

2. B. animalis DY-64 &tol

- HAAl 5" B animalis DY-645 #2137l 93] specific primer® A #s}h
o] PCRE AAst9dt. Fig. 33 #Zo] B longum, B. bifidum, B.

pseudolongum, B. adolescentis 2 QA &l &8+ bifidobacteria strain
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tlo

o s PCRS AAE Az B Ao A%3F primer, Fip 164, Fir 164,

& B. animalis DY-64 #57S Agldoz FEAZLE o] WHS o] 83}

A AFH 5 BE¥U B, animalis DY-642] T715 #9138t} Fig. 4= A A
A& % AW bifidobacterial A B. animalis DY-647} 2}A| 8= H &S Hol&E

o AA dFH ol didAte] ®®ell A B. animalis DY-64% A3 HE% A &
ko Ad3F 1% F bifidobacteria®] 84%, 25Fol& 88%7F B. animalis
DY-64(8 logip)& &<l= Ut o= B. animalis DY-647F A ZFollA Abds)
Ao AESS BolFw, T3 AHA AW flately, HEte] 9Fs A

U3 AR o) FHE ofu] ),

1500 b
1000 hp—

Fig. 3. Electrophoretic analysis of multi bifidobacteria. The DNAs were
electrophoresed on 2% agarose gel in TAE buffer for lhr at 50V/cm, and the
DNA bands were stained with ethidium bromide. 1 lane, 1 Kb DNA ladder
marker; 2 lane, B. longum; 3 lane, B. bifidum; 4 lane, B. pseudolongum, 5 lane,
B. adolescentis;, 6 lanes, Bifidobacterium animalis DY-64; 7 lane, negative

control.
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Fig 4. Proportion of bifidobacteria in experimental group with a B.
animlias DY-64 count above (M) or other bifidobacteria ([1) 8 logio
colony-forming units(CFU)/g feces before (days -7), during (days 7 and
14), and after (day 21 and 28) supplementation.

&

fol

oh. &3

1) B-Glucuronidase activity
- B Y #& F49 p-glucuronidase= XA AFH Aol W g 1698 +
377Unit/mins YERNS I, HFH AAEL FolHom Faste] 25 Fode

8.02 + 274Unit/minA Tt (Table 3). &} Ax AFH S 39

rr
>
>
o,
o|\

7Vel= AEFS UelY.  p-glucuronidase, [-glucosidase, azoreductase,
nitroreductase, trytophanase &< UAMPEZ W S e Fallaih= &

A A} f-glucuronidase= F3F &3 FZ 9 @¥x 3o F2 FAAst} =
3FA

)

A= 284 54 = =FFEdeIY A o A 2Fs A
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A FEEE ST LEA Foly AWore] widS Fgt o5
-glucuronidase’} uiol =t £gd SAQAEHI e 4o A Ex
grElo] A &Ao TUHEL AHor AUAEE B3 AU F57F FUHE =
Hnog deA k. B Ao A bifidobacteriaZ} $HHE A AdFHFor HA

U f-glucuronidase &Ao] wrolxiom ol A A Q) TteAHS WFo

ol

AAQ mHE F& Aow Az

2) B-Glucosidase activity

- Ed Y F8 349 f-glucosidases HA AF Ao W gd 1655 £ 311
Unit/ming& WYebH AL, A3 A5 FolFom Haste] 255 = 9.05 +
2.32 Unit/ming YWetlATh. 22iv AA A3 T Fole AHATL FAE

AR F7HsHE A4S A

Table. 3 B-Glucuronidase and jj—-Glucosidase activity

. . . During 2
Unit/g/min Before During 1 wks K After 1 wks After 2 wks
wks

Glucuronidase 1698 + 3.77% 1267+ 314> 802 + 2.74* 11.32 +3.43" 1528+ 3.38"

Glucosidase 1655 + 311" 13.03* 248" 9.05 + 2.32% 1212 +3.27" 1391+ 2.44™

+

]MeaniSD, Data were analyzed by Duncan’s multiple range test.
"Different superscripts within a row indicate significant difference (p<0.05)
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1) IL-2(interleukine)
- g9 ) WgAE IL-29 TNF-oe #A A3 el

111 pg/mLE Yebla, A3 255 #9

iy

o2 F7hét3ith (Table 4).
2 Fweol FUd FRHe st B o lactise dFo FHA W

IgA, anti-B-lactoglobulin IgA7} F7}gtcha B a5 o),

2) TNF-a
- g W HYAFEe TNF-a= HA AHH Aol serum 1ImlT 14.83 = 2.77
pg/mLE YEMN AL, A3 7 5 Feldom Uttt A F ol
g® TREE AT
Table 4. IL-2 and TNF-a
. During 2
pg/mL Before During 1 wks K After 1 wks After 2 wks
WKS
TNF-u 14.83 + 277 17.16+ 368" 19.34 + 3.01° 15.85 +2.41* 1542+ 341°
IL-2 513 + 1.11% 748 + 361® 955 + 299" 733 +268® 7.36+ 351%

"Mean+SD, Data were analyzed by Duncan’s multiple range test.
Different superscripts within a row indicate significant difference (p<0.05)
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7 Mg 2% 3 viX] =M Tg[3n bk "ol Leuconostoc citreum

FE B Leuconostoc citreum GJ7S 25, 28 ~L
A oFst w3t Axs 29 13 20 YERRATH duby o fakde
QA FS 7| Eo Rt oy B AAAE HEHoR wagxd A 1

™, defined iAol A %= A XA wjeke] A7t B2 A A 235 YEl
Ao, dFmAIl MRS HiX|e] BHlstelE Al & zkeERA] XA
Defined #1A] 9] A9 A ujFo A= 3 x 10° cfu/ml, 18] 31 ZEhu] ko A =

5 x 10" cfu/ml& JERATE W% &xol skl 30T 7H & At

—_

= AoE Yewtoy, ] MRS By ed]e] v 2koA wjd ARt

of Wolas% el AE £msh AskEe Zow UEhl, ol #F w9
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CFU

2.5e+9

2.0e+9 o

1.5e+9

1.0e+9

5.0e+8 1

0.0

Fig.

(A)

—e— 25°C
O 28°C
—¥- 30°C

Time (hr)

without(A) and with shaking(B).

CFU

3e+8

3e+8 -

2e+8 4

2e+8 4

1e+8

5e+7 -

A

—o— 25C
0 28°C
—v¥- 30°C

Time (hr)

35

CFU

1.6e+9

1.4e+9 4

1.2e+9 4

1.0e+9

CFU

6.0e+8 4

4.0e+8

2.0e+8 4

0.0

Be+7

B)

—e— 25°C
0 28°C
—¥— 30°C

8.0e+8 4

1. Growth curves of Leuconostoc citreum GJ7

(B)

Time (hr)

35

in MRS broth

5e+7 o

4e+7 o

3e+7 A

2e+7 A

1e+7 4

Fig. 2. Growth curves of Leuconostoc citreum

without(A) and with shaking(B).
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L}, Leuconostoc citreum GJ72 M %o EtA2lo| O|xl= &

oo

- dRtgdor {fAT 2 fEE A o]&3ste AT FolA  Leuconostoc F

ftlo

sucroses & o]&3t= Aom g vk ey & HAAAA FHIIHO
Z2RE B4 v& Leuconostoc citreum GJ< T ol A4S BA3 A {9

& & o] g H HEe, F FAE sucroseE T maltosed o] &35:=

il

AoRE FRAHAY. olE AR Tl gk #A B 43 2345 219 39
el Slth Defined HWiAlE 7]+ WA Z3te] ofe] 7HA] @] TR/E H7hst
of et A9 @5 Do A= maltosed A7t 7HE SFsi o, o

2 IS 2359 HU1EAS 495 05% maltosedl sucrose®t glucoses 2t

7+ 0.25% 2 W7t A7t M 2L AFYE RAF) olu Hu A
TE= 9F 10 x 10 cfu/mlZ MRS #lA & Al&319S wrosE o 2o o

W% ARE wolFol, GF mFEwjY] glo] FFHE Bade FFE 2

Aotz 7ld4gd £ UdEs Aex® #dErh Defined WAIE AREEH]

1o
o
2
%4

ftlo

Leuconostoc citreum GJ7& WY& 9o njFA|gte] ma
HAEHEH MRS A9 4Rt 30ColA vt ol E-akar v Al
Zrol Atol whE o] APEA LT Aekx] o, 53] mixed-sugard] 7§

7F4 Ad A Aol £L maltose+sucrose+glucose?] 7A$- vl 36A| 1A =

=

o] sl AR FEE WERI Ak
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1.26+10 1.26+10
kS
o] | ST Gt e | TS Seln TS
ucose
—v— rgnauose ——v—- mal+glu / ——
8.0e+9 80ese | | — ¥ suc+glu+mal //
/
6.0e+9 4 / \ 6.0e+9 - ¥ e,
2 / \ z !l v--
/ \ o /w
4.0e+9 1 /0 4.0e+9
/ \ v
\ 1
20e+9 - / \ 20e+9 P
7 [ // . o
= o
00 00 A o o
0 10 20 30 40 0 10 20 30
Time (hr)

40
Time (hr)

Fig. 3. Effect of single sugar(A) and mixed-sugar(B) on Leuconostoc
citreum GJ7 growth at 30T in defined medium

Ct. Defined Bi X0l A HIt= = ofo|=&te] F /o

ok EM

- Defined #iAo] H71HE 718 &42Y92 sucrose 0.1%E A3, F714
S wl®] 1.3 MnSO, 0.28g, MgSO, 058g, KH, PO, 6g= 7}t
Vitamins #8]#] 1L9 biotin 10g, vitamin B12 1g,

folic acid 10g niacin
1mg, aminobenzoic acid bmg, pyridoxal. HClI Smg,

riboflavin 1mg, thiamine
1mg, ascorbic acid 5mgE &3 A7l vitamin mixE 1ml® % 7}8F%

R

, 97
guanine.HCl, adenine, uracil, thymidine®] ZZ 05% &ad 97| mixs
Hj Al 1Lo] &<} 1ml® #H7}ste] AF&a S

. ohv] kol

e dds BAs
71 918ke] ofm wmatbS AEE(BPGA, PEP, PA, RSP, Z18]al OA)Z o]
AGsAY, Z47be] ofniitel] tldle] EA 5ol Ui JIFLTAAE HE
A=
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- E 1(A)E otmitel tigh @74 Zhzhe] ofmiil Bl olE AlddERE #
FFotel yehd RAo=m giFEe] ofmxAbe]l tidte]  Leuconostoc citreum
GJ70]l ddaTAdS Kol 9oy PEP A€ 2l phenyalanine¥ tryptophane
of tiate] W FEFLTAHS UEha A 2dkvh. 2#i A phenyalanine ¥}

tryptophanes A |3 187§ 8] ofm]=Abe] thste] JFe A dPS wHES

-

o % 1Ml YelAd. wi$ EWFAE  Leuconostoc citreum GJ7<
phenyalanine®} tryptophane°] $l+= Ae]ol A= tyrosine] gl 4 $-o+ U

WA 170 opr Aty b gld ek o Al dFe WA wskont

o2
>
oX,
o3
tlo
BN
il
i
B
¥0,
lls
o
o
=
ke
r>~
o
fu
—
<
=
@]
Z8
)
(@)
rlo
o,
ofo
et
4>
¥,
o
po)
o
fru

rﬁ,
o)
i
e

Tablel. The growth effect of amino acids on Leuconostoc citreum GJ7 in

defined media(A) and devoid of Tryptophan and Phenylalanine(B).

(A)

PEP PA 3PGA R5P OA o-KG

trp| phe | tyr|leu|ala|val| ser |gly|cys | his |asp|asn|lys|met|thr|ile | gln | glu | pro | arg

(B)

tyr | leu |ala | val | ser | gly |cys| his |asp|asn|lys |met| thr | ile | gln | glu | pro | arg
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(A) (B)

50 500

404 400

30 o = 300 -

20 4 200

0L X)N40

100

o O,J_1+

control 3.5 4 45 5 55 6 6.5 7 control 3.5 4 45 5 55 6 6.5 7

pH pH

Fig. 4. Effect of buffers on growth and stability of Leuconostoc

citreum GJ7(A) : 24 hour culture , (B) : 72 hour culture

of. 5L jar fermentoroll Al 2] S2|™ =Z0| Lactobacillus plantarum®e| 2

20| ojxl= &

- AA wA4A a8 AEes FAEd

3

ctobacillus plantarum® W3 =%
o A el wjeF HAsE o] F7] fste] mid2E=E 20, 25 30 12l 37CE
WA 7| HA o] A s A8, g WA iAW pHE o
AHAl stAY, T pH Al wxke] o& wjxue] && Ao 77t
o] AFed dIFS F A& FASH] flste] N2 gasE WA Wl fedding
shA o] Ass EAstel 329 9 5ol Uebl AT Lactobacillus

plantarum- Leuconostoc citreum G]73+< A3 t2 238 JgE HoFu

=4, Leuconostoc citreum GJ7< 30TCo|dode= A Aekat EahL,

- 168 -



Lactobacillus plantarums %7

b AHA xR AN

o+ N2 gasE feeding3d}#

214 x 10° cfu/mlz2 713 =

S-oll =

I3

o

-
2
T
==

f
i
o
i)
-

WEOE F2 o

Ao %= N2 gasE feedingst=7}, ¢t 3F=71el

2ol 7} ways

AW N2 gasZ feedingdts= 457}

F 1241 7F wholl 311 x 10° cfu/mle] A5

A= 30TlA

wFstel & A5

Table 2. Summary of fermentation of Lactobacillus plantarum in 5L-jar

fermentor at various culture temperature and with pH control methods.

culture max. CFU culture time at | . .
. treatment B final medium pH
temperature (C) ( x 10" max. CFU
no pH control 1.94 42 551
20 pH control 1.75 48 -
H trol N
pH contro W/ 2 108 40 _
gas feeding
no pH control 1.95 42 470
o5 pH control 2.42 30 -
H trol N
pH contro yv/ 2 149 49 _
gas feeding
no pH control 1.37 42 4.04
20 pH control 2.14 25 -
H trol N.
I control W/ N; 2.11 30 -
gas feeding
no pH control 1.21 24 3.70
a7 pH control 2.18 24 -
H | N
pH contro .W/ 2 311 19 -
gas feeding
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—&— No pH control
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—-y— pH control with N, gas feeding
(B)
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1.0e+9 4
5.0e+8
/ —&— No pH control
00 A ¥ O+ pH control at 5.8
’ —-y— pHcontral with N, gas feeding
T T T T T T T
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1.5e+9 4
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/ —@— No pH control
00 0 O+ pHcontrol at 5.8
) —— pH control with N, gas feeding
T T T T T T T
0 10 20 30 40 50 60 70
Time (hr)
(D)
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30049 T~ —o— Nocontrol
| v\ O+ pHocontrol at 5.8
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25049 ] i - v- p N, ges feeding
2.0et9
1.5e+9 4
1.0e+9 4
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00 A

T T T T T T T

Time (hr)

Fig. 5. Number of viable cell count changes of Lactobacillus plantarum

with various fermentation conditions at 20(A), 25(B), 30(C) and 37T (D).
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oFste] F & 29 impeller $%5 50 rpme A o2 JHA7HA] Wk A

W ARG E 25 B #A AFS BAou, & AolE HolA=

52

AhFig. 6). o1& BF WAl pHE Ash=vl oHhe] agitation 444

p

E

o
-

o

RS

2= 9w AolB& 50 rpme] £ E o4 F US FHoR 7V

O

—@— MRS (no treatment)
O MRS (N2 gas lifting)
—w— MRS (shaking)

500

400 4

300 o

200 4

100

Viable cell count (CFU/ml, x 10(t))

0 20 40 60 80
culture time(hr)

Fig. 6. Growth patterns of Leuconostoc citerum GJ7 according to the

cell agitation methods.
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2) WA ¥3A pHe 27
~ Leuconostoc citreum GJ79] 373A1¢ pH WstE S43te] Fig. 7 WERA

(I

oh A7 230l w Rt wiAl o] pHe AAE kel =X, o™ it wf ol
A i Wl F71el= 3.7-389] pHE FASA oM, 271 wjA] A=A
§d oz pHE AAT wiAlA = A o] d5d Fol= wix¢ pH=

Z7] pHeF A9 fFASHAl A 5= Ae sl

—&— MRS

o MRS (shaking)
——-%—— MRS (N2 gas feeding)
—-—g-—=- MRS (pH 7.0)
— & — MRS (pH4.5)
8
7 A\l —y—
Vo7 —v v——___v_iii_v

pH

culture time (hr)

Fig. 7. Culture media pH change of Leuconostoc citerum GJ7 according

to growth conditions.
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WA o) pHE $F 80 Agekel pH 709 452 $EAA F, FA 48
W BAS A3 Fig. 8o eItk MRS W4 pHE $F§9E o §3
of 452 AN A¢urhe 245 4 MRS wAoIA el Aol 5t

Fov pHE 7002 4% A9 MRS wixlol] Hste] A5 xfo]& e
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=
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=
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—w%¥— MRS (pH 4.5)

600

500 - o

400

300

200

100 4

viable cell count (CFU/ml, x 10(7))

T T T T T
0 20 40 60 80 100

culture time (hr)

Fig. 8. Media buffering effect for cell growth of Leuconostoc citerum

GJ7.
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Fig. 9. Growth temperature effect of Leuconostoc citerum G]J7.
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Ab. Leuconostoc citreum GJ7 2 & Al HIX| pHe| =A dta] HH

1) pH 228 £29 2A

- HA o wi <& pH7E 7002 A7) wiigel 4wk MRS v A& Ab&ste] pH

il

7002 FAStAA B2 A3E Fig. 109 AA ATt IN NaOH=Z x4

# A9RoE gEUCEE AER Anst Sesdod, WA pHE WY @
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o MRS pH controlled at 7.0 with ammonia water
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Fig. 10. Growth patterns of Leuconostoc citerum GJ7 controlled media

pH at 7.0 with ammonia water or 1N NaOH.
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2 o|FF2] maltose®t ©HFFQ dextroseE, F7]1¢

AL g8t gt

A o] IS22 7]E Fr|gdo =

IS27F i A=l

rlo

B2 A3te] Table 3.9 YEUATH F
IS13} IS29 diate] 2+
Foll&= Felx7t glar, F71de TR/ mE

wrh BdAolnE Pl

Table 3. Analysis of correlation between sugar and inorganic salts.

IS1 1S2
(CFU, x 107 (CFU, x 10"
maltose 58 136
dextrose 417 131
=4 2A: = gle ol Hi XY
=4 24
HESol 22l M =gt AArE & 8o F i P-%t F 712
QIRE A(E) | 113.4225 1 1134225 | 3553058 | 0.310519 | 161.4476
Q1K B(¥) | 6997.323 1 6997.323 | 219.1972 | 0.042934 | 161.4476
TEXF 31.9225 1 31.9225
A 7142668 3
2) #7194 9 AA3e] BA
- 71 Flde R AR IS2E Addlgel Vied WE ua] Wdske] IS29)
IS3E& Az ths, 7479 Fridel digh i dzte] dsaes 48k
Table 4.0 YeEFATE o] A9 1529} IS37tel+= o]z gl o, AME3 4
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FTo] A Ao = FolArE AA-AEHAN S, yeast extracte} bacto-peptone
o] & AFo] AFEE Akl AFe F& dwdHdow dAdEHJATE Eg

, yeast extract 7} A%

o.,V.‘.
Fl°1

ERET G AATY 4T BA

X
- AP g Ed U 4F G EFES A2 O, 429 Fol @

1=
==

NAAR yeast extract®] F=7F FAMTEY AFel WA= IS EA A
Table 5. ¥} Fig. 11. o YEFHAAT}. sugar mix Y yeast extractd F=o] uwh
& Ak Wik FrolaE 005004 Fuitel 2 FE A= B A
u, Adge = vasdE A sugar mix 13 27F & A5
5SS BoFgon, MAAZES 1yads 45 01%9]

yeast extract®] =2 WA E FAste= Zo| vfEAsitta & 4 ok

Table 4. Analysis of correlation between protein source and inorganic

salts.
YE 0.1 YE 0.25 YE 0.50
(CFU, x 10") (CFU, x 107 (CFU, x 10")
sugar mix 1 340 340 345
sugar mix 2 338 338 343
sugar mix 3 318 203 238
sugar mix 4 144 271 289
Bk BAL W gle ol WA
A 24
WEel acl| ARG | ARE | AF Hit | F o p-#% | F 144
Q12 A(3)) | 28640.25 3 9546.75 3.068954 0.112584 4.757063
Q12 B(Y) 811.5 2 405.75 0.130435 0.880136 5.143253
Kl 18664.5 6 3110.75
Al 48116.25 11
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Table 5. Analysis of correlation between sugar and protein source.
YE BE PEP CA
(CFU, x 107 (CFU, x 10") (CFU, x 10") (CFU, x 107
IS2 414 294 439 265
1S3 393 268 341 272
A E4 B Qle o9 wiAIH
R !
HEel a9l A 3t A= Alw B F H P-#t F 7143
A= A(3Y) 2380.5 1 2380.5 2.376935 0.220802 10.12796
Q12 B(E) 30106.5 3 10035.5 10.02047 0.045119 9.276628
bzt 3004.5 3 1001.5
Al 35491.5 7
100 —e&—sugar mix 1 —ll—sugar mix 2 —&—sugar mix 3 —il—sugar mix 4
350 - Po— —
300 |
S 0 |
?E 200
E 150 |
100
50
0
YE 0.01 YE 0.25 YE 0.5

conc. of yeast extract

Fig. 11. Number of viable cell count according to protein source and

sugar types.
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&R 7k Aol Axrr 7HE Fskth

treatment
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maltose 2 16 | 1.2 | 0.8 | 04 0 16 | 1.2 | 08 | 04 0
sucrose M1 o 0408|1216/ 2
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Fig. 12. Effect of sugar mix ratio on growth in reconstruction medium.
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Fig. 13. Effect of sugar mix and yeast extract concentration on Leu.

citreum GJ7 growth.
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Fig. 14. Effect of sugar mix, yeast extract and NaCl concentration on

Leu. citreum GJ7 growth.
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Table 6. Comparison of medium cost for LAB growth.

( won/1200L)

) MRS OEM Reconstructed | Reconstructed
media type . .
(for exp.) company medium(I) medium (1)
cost 58,740,000 1,700,000 902,024 572,048

- 3% 69 AAE AAY 1200LE 7lEoz dto] fFabitg v 49 MRSE
=
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Fig. 15. Strain survival ratio according to the storage temperature,

glycerol concentration and suspension media.

- 185 -



ol
o0

3

o ¥453 2

4

uzel

O} %

MRS7} w5 <k

fu
R

- Defined medium X.th

o, MRS® A% glycerol §%&

J)

A%E 19 169 YER AT

!

100

80 A

T
(=]
©

T
o
=4

oljes [eAIAINS

20 A

21« 28

142

time(gay)

Fig. 16. Temperature effect on storage stability.

upop ol fAbvtS o el A wastd

R
i

- oA B

] ol A

—L
.

%7

H 70T el A <

- 186 -



2) HFAY FFA BT AF B
-2 AN E 27 ARl ME AT WA wEYEe YEaE g
=

ARz gl Ao, AAAXA B e A

ofof Fh& e wl, YEdxs FAAH g7 el vlEold BA (F)
O

00%F wHAF FuldlA WAL 0% o) FAL FAFE A%

EERE L= TR | [q o gl L ru-ﬂ-l
[ T = TEINF RN g ] 8 & 1RAEY G L]
lll-;-'u.-r. lI-H] | 0o e S HI I-\llrtiullpl

llln-wm 1l-l] | 1 TET GRU ]

1

[l1gd1ﬁd |||||.|] ['l Toml P ]
1

| 10 eromoame | [0 10w cnm |
1

[ Nidal mrnadimg ] l 108 &MU J

G )
Bl o B e ] |--I RLCE ] S TR -Fi

[

[mrvm] (3 —— ¥ pepreper
[-11|-Ia1l|i “‘l [ 4 0 TER T ]
[

1

LAETE AL D, ] l1!|"| [l 1'2'!;".”].] ]

G ) (e m ]

Fig. 17. Making process of original starter concentrate.
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Fig. 18. Survival ratio of Kimchi starter concentrate in the presence of

various stabilizers.
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