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SUMMARY

I. Title

Development of fermented milk by using lactic acid bacteria for vitamin Ko

II. Objective of research
The objective of the study was to develop fermented milk containing vitamin

Ky, which was isolated from lactic acid bacteria under specific conditions.

ITI. Research scope and area
1. Collection and isolation of lactic acid bacteria
2. Selection of lactic acid bacteria for vitamin Kz production
3. Identification of lactic acid bacteria
4. Preparation and assay on human-like Osteoblast cell
0. Characteristics of selected lactic acid bacteria
- Growth of lactic acid bacteria, antibiotic tolerance, enzyme activity test, bile
tolerance, pH tolerance, antibacterial activity
6. Optimization of cultivation condition of lactic acid bacteria for vitamin Ko
production
- Medium
— Carbon, nitrogen, and mineral source
- Fermentation condition
7. Assay on human-like Osteoblast cell and physiochemical properties
8. Development of optimum formula
- Selection of best materials added to fermented milk
- Establishment of optimum formula by Sensory test
9. Designing of fermented milk making process and physico—chemical characteristics

- Establishment of processing technology

- Vitamin Ko concentration and analysis of phsicochemical ingredients

_11_



10. Animal test for the osteoblast cell activity and composition test

IV. Result of research and suggestion of application

1. Collection and isolation of lactic acid bacteria
1) Tsolation of lactic acid bacteria from raw milk

Raw milk was collected from several farms under support of Raw milk
testing lab. within the jurisdiction of Central, North, Western guidance division
(part of Kyoung Gi Do and Gang Won Do)in Seoul Dairy Cooperation,
Provincial institute for livestock promotion(Jeonbuk, Kyoungbuk, Jeju). 2173
bacteria were isolated from modified MRS media. 958 bacteria were further
isolated after the microbes were innoculated on 10% the reconstituted skim milk

followed by incubation at 37C for 24hr.

2) Isolation of lactic acid bacteria from infant feces

45 new-born infant feces were collected under support of Soon Chun Hyang
Hospital and Hangang Sungshim Hospital. 59 bifidobacteria were isolated and 43
coagulated lactic acid bacteria were isolated after incubation at 37C for 18 and

24hr.

3) Isolation of lactic acid bacteria from adults feces
50 adult feces were collected from staffs and their family members of KFRI.
91 bifidobacteria and &7 lactic acid bacteria were isolated. 41 coagulated lactic

acid bacteria were isolated after incubation at 37C for 18 and 24hr.

4) Collection of lactic acid bacteria having milk coagulation capacity
645 and 682 bacteria were further isolated after the microbes were
inoculated on 10% the reconstituted skim milk followed by incubation at 37T

for 18hr and 24hr, respectively.

2. Selection of lactic acid bacteria for vitamin Kz production
167 of vitamin K Positive strain was selected from 1042 of milk coagulating
strain and 146 of bifidobacteria through the TLC test of vitamin K: positive

reaction. Surveying the vitamin K: level in Rogosa Medium of selected strains,
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154 strain were less than 10uxg/Kg, 1 strain were less than 10-20xg/Kg, 4 strain
were less than 20-30ug/Kg, 6 strain were less than 30-40ug/Kg and 2 strain
were higher than 40upg/Kg. On the other hand, the vitamin K: v in the skim
milk media, 160 strains were less than 10ug/Kg, 3 strains were less than 10-20
1g/Kg, 3 strains were 20-30xg/Kg and one strain was higher than 30uxg/Kg so

that 13 strains were selected.

3. Identification of lactic acid bacteria

Identification of lactic acid bacteria for vitamin K. production were
FEnterococcus faecalis 4 strains, Enterococcus durans 2 strains, Enterococcus sp.
1 strain, Lactococcus lactis subsp. lactis 1 strain, Lactobacillus plantarum 11
strain, Lactobacillus curvatus ssp curvatus 1 strain, Lactobacillus fermentum 1
strain, Streptococcus macedonicus 2 strains as a result of Gram staining,
fractography, sporogenesis, aerobic and anaerobic growth, catalase formation,
growth in 15C and 45T, gas formation from glucose, ammonia formation from

arginine, sugar fermentation test and 16S rRNA sequencing.

4. Preparation and assay on human-like osteoblast cell
1) Cell survival test of sample
Based on the MTT assay of Saos—2 cell, cell increase effect of soybean
extract and Vitamin D3 has shown normal increase rate higher than 100%.
The highest cell increasing rate was occurred with the concentration of 1x107*

mg/ml and it was decreased by the increased concentration.

2) Activity of Alkaline phosphatase(ALP) of sample

In the Saos-2 cell test system, the highest ALP activity was occurred with
soybean extract of 1x10™ mg/ml concentration and Vitamin D3 of 1x107™ mg/ml
concentration but it was decreased by the increased concentration. The ALP
activity of soybean extract with =107 mg/ml concentration was 1.5 times

higher than Vitamin Ds.

5. Characteristics of selected lactic acid bacteria

Based on the speed of acid production and vitamin Ks, 4 strains of lactic
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bacteria has selected and characterized(L. fermentum 272, E. durans 581, S.
macedonicus 301, S. macedonicus 351). The optimim temperature was 40C for 4
selected lactic bacteria. L. fermentum 272 was weak resistant to the gentamycin
and polymyxin B, but Enterococcus durans 581 was weak resistant to the
streptomycin and penicillin-G, on the other hand, Streptococcus macedonicus 301
and Streptococcus macedonicus 351 has shown weaker resistance than L
fermentum 272 and FEnterococcus durans 581 but stronger to the vancomycin.
Selected 4 strains of lactic bacteria was lack of a-galactosidase, B
—-glucuronidase, B-glucosidase and N-acetyl-B-glucosaminidase but strong in
leucine arylamidase and acid phosphatase activity. especially, 4 strains of lactic
bacteria was lack of PB-glucuronidase(calcinogene producing enzyme) and
resistant to the bile juice except Streptococcus macedonicus 301 strain. 4 strains
of selected lactic acid bacteria was survive in the low pH 2-3 for 3 hours. 4
selected lactic acid bacteria was resistant to the Salmonella typhimurium and
Staphyloccous aureus except Streptococcus macedonicus 301, but not resistant to
the Escherichia coli. Based on the activity test of freeze dried lactic bacteria,

there was no influence of freeze drying process.

6. Optimization of cultivation condition of lactic acid bacteria for vitamin K-

production

Optimum production condition of vitamin K by L. fermentum 272 and S.
macedonicus 351 was established by the removing Streptococcus macedonicus
301 E. durans 581 strain.
D-Galactose, D-Glucose, D-Fructose, D-Mannose were selected carbon source of
Lactobacillus  fermentum 272 and D-Galactose, D-Glucose, D-Fructose,
D-Mannose, Sorbitol were the selected carbon source for the Streptococcus
macedonicus 351. ISP, Yeast extract, Soy milk were the selected nitrogen
source and KH->PO, MgSO, - 7TH20, FeSO, - TH20, MnSO, - 4H20, CaCls KH2PO,,
were selected as a minor components. The highest vitamin K2 production of
Lactobacillus fermentum 272 strain to 65ug/L was available in the 109 skim
milk and 196 ISP media but 56.59u8/L was possible in the 19 soy milk media.

In the 1% ribose, the vitamin K- level was 25.45u¢/L and in the KH-PO, the

vitamin Ks level was 39.55ug/L. 1% Lactobacillus fermentum 272 was inoculated
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n 10% skim milk containing 1% ISP, 1% Ribose, 0.29%6 KH-2PO, and 1%
Streptococcus macedonicus 351 was inoculated in 109 skim milk containing
0.5% vyeast extract, 0.29% CaCle, 0.03%6 L-cysteine - HCl and incubated at 40T
for 6 hours to check the vitamin Ks level and pH. L. fermentum 272 produced
R0ug/L of vitamin Ko at pH 4.3 for 23 hours incubation and S. macedonicus 351

produced 13.95u¢/L of vitamin Ko at pH 4.5 for 24 hours incubation.

7. Assay on human-like osteoblast cell and physiochemical properties
1) Assay on human-like Osteoblast cell activity

The osteoblast cell activity of fermented milk produced by Lactobacillus
fermentum 272 and Streptococcus macedonicus 351 was lxlofgmg/ml~
1X1Oflmg/m1 and it was 103~110% and 99~119% compared to the control. The
ALP activity of Lactobacillus fermentum 272 was started with 101% at
1x10'mg/ml and maximized to 114% at 1x10 “mg/ml and then reached to 101%
at 1X1078mg/m1. The ALP activity of Streptococcus wmacedonicus 351 was
started with 100% at 1x10 'mg/ml and maximized to 109% at 1x10 ‘mg/ml and
then reached to 103% at 1X1078mg/m1. It is lower than soybean extract, higher

than commercial fermented milk and similar to the 1,25(OH)-Ds,

2) Physiochemical properties

The ALP activity of fermented milk produced from Lactobacillus fermentum
272 and Streptococcus macedonicus 351 was maintained by the pasteurization at
90C for 30 minutes. The osteoblast cell activity of fermented milk produced hy
Lactobacillus fermentum 272 at pH 2, pH 7 and pH 10 was 102%, 107% and
99% respectively.  The osteoblast cell activity of fermented milk made with
Streptococcus macedonicus 351 at pH 2, pH 7 and pH 10 was 1059, 11996 and
102% respectively. The osteoblast cell activity of fermented milk made with the
mixture of Lactobacillus fermentum 272 and Streptococcus macedonicus 351 at
various pH was maintained The ALP activity of fermented milk made with
Lactobacillus fermentum 272 at pH 2, pH 7 and pH 10 was 99%, 126% and
100%, respectively. On the other hand, the ALP activity of fermented milk made
with Streptococcus macedonicus 351 at pH 2, pH 7 and pH 10 was 9295, 1149

and 919, respectively. And it is more than 90% activity compared to the
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control. The ALP activity of fermented milk made with the mixture of
Lactobacillus fermentum 272 and Streptococcus macedonicus 351 maintained at

all pH range and it may be possible to maintain in the human activity.

8. Development of optimum formula

In case of Lactobacilus fermentum 272 strain, the optimum formula was
78.76% of raw milk, 3.24% of skim milk, 0.83% of ISP, 0.17% of KH:PO., 2% of
oligosaccharide, 5% of fructose and 109 of strawberry jam(45%). In case of
mixed strain of Lactobacilus fermentum 272, Streptococcus macedonicus 351,
ABT-D strain, the optimum formula was 79.15% of raw milk, 3.24%6 of skim
milk, 0.415% of yeast extract, 0.166% of CaCls, 0.025% of L-cysteine -+ HCI
0.0259%, 296 of oligosaccharide, 5% of fructose and 10% of strawberry jam(45%6).

9. Designing of fermented milk making process and physico—chemical characteristics
A. Production process
1) Fermented milk made by mixture of Lactobacilus fermentum 272 and ABT-D
Gel type yoghurt was produced by inoculation of 0.5% of Lactobacilus
fermentum 272 and 0.5% of ABT-D in the 94.89% of raw milk containing 3.91%
of skim milk, 196 of ISP, 0.29% of KI:P042% that has pasteurized at 90C for 5
minutes and controlled to 40C and fermented to pl 4.4 followed by the addition
and agitation of 10.0% of strawberry jam, 2% of oligosaccharide and 5% of

liquid fructose.

2) Fermented milk made by mixture of L. fermentum 272, S. macedonicus 351
and ABT-D
Gel type yoghurt was produced by inoculation of 1% mixture of
Lactobacilus fermentum 272, Streptococcus macedonicus 351 and ABT-D with
the rate of 35:35:30 in the 95.37% of raw milk containing 3.90% of skim milk,
0.5% of yeadt extract, 0.2% of CaCl:, 0.03% of L-cysteine - HCl that has
pasteurized at 90C for 5 minutes and controlled to 40C and fermented to pH
4.4 followed by the addition and agitation of 10.0%6 of strawberry jam, 2% of

oligosaccharide and 5% of lLiquid fructose.
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B. Physico—chemical properties

The titrable acidity, SNF, fat content, cell density and Vitamin K: level of
yoghurt of 2 strain mixture(L. fermentum 272 and ABT-D) was 0.129%, 9.8%,
3.12%, 1.4x10° CFU/mL and 53.1pg/L, respectively, on the other hand. 3 strain
mixyure(L. fermentum 272, S. macedonicus 351 and ABT-D) was 0.13%, 9.91%,
3.08%, 1.6x10" CFU/mL and 38.8ug/L, respectively.

10. Animal test for the osteoblast cell activity and composition test

To understand the osteoblast cell activity of fermented milk 8 kinds of
treatment was tried to the Sprague-Dawley rat. The treatment was 1)sham
group fed with skim milk, 2) control fed with skim milk 3) treatment fed with
fermented milk made with Lactobacilus fermentum 272(A) 4) treatment fed with
fermented milk made with Lactobacilus fermentum 272 and ABT-D by 50:50
ratio(B) 5) treatment fed with fermented milk 4 mixed with vitamin Ds; 0.1ug/rat
kg(C) 6) treatment fed with fermented milk made with Lactobacilus fermentum
272, Streptococcus macedonicus 351, ABT-D with the ratio of 35:35:30(D) 7)
treatment fed with fermented milk 6 mixed with vitamin Ds 0.1ug/rat kg(E) &)
treatment fed with fermented milk made with commercial starter culture
ABT-D(F). Each meal was fed with artificially to the stomach with the volume
of bml/kg/day, 2 times every day.

Highest body weight increase was found in the control followed by treatment
and sham. total intake and weekly intake of feed was same trend. FER(Food
Efficiency Ratio) of sham group and other treatment was significantly different
but control group. After 6 months of fermented milk feeding, lLiver weight of
artificially dead group was heavier than the sham group but no differences in
the weight of kidney. The uterus weight of sham group was the heaviest but
overy removed group was significantly light.

In case of GOT, there was no significant difference but lowest in control and
highest in E group. In case of GPT, there was no significant difference but
lowest in F group and highest in C group. On the blood ALP, lowest in control
group and highest in C group. In the blood serum osteocalcin, sham group was
higher than control group. B and C group was highest and control group was

lowest significantly.
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Calcium concentration of blood in overy removed group was lower than sham
group. The ratio of calcium and phosphorus in control group was low and
highest in the C group. In case of physical changes of femur and neck bone,
sham group and treatment group has differences, especially C group was
excellent. The bone mineral density of femur of sham group and C group was
excellent but low in the control and F group significantly. The bone mineral
density of neck bone of C group was higher than sham group and control group
and F group was low significantly. In case of bone mineral content of femur,
group C, D, E was excellent but low in control and group F. In case of bone
mineral content of neck bone, C group was highest and control and F group
was lowest significantly.

Based on the previous results, it is conclude that the group C has osteoblast

cell activity

V. Results Achievements and Their Application Plans

Lactic acid bacteria for vitamin Kz production obtained from this study would
contribute to strengthen international competitiveness as well as import
substitute effect. Also, results of this study could be industrialization through a
technology transfer to participated company. The result of this study has applied
2 patents and presented 2 times and in publishing 2 papers in the Korean
journal of food science of animal resources. Especially this presentation received
excellent prize in the 43th annual meeting of Korean Sdciety of Food Science of
Animal Resources.

To commercialize obtained lactic acid bacteria, freeze dried powder type
product need to be developed and also activity should be sustained. When we
obtain satisfied product, company could start to manufacture the commercial
product. So we are planning to cooperate with company until company can

produce commercial product.
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AT 2= Lee 5(1998)2 vt FAEL& Adst
= Bacillus sp. LAM 97-44 w37} Bacillus® A9 A3 2 ¢l isoprenoid 7} 7
7R ¢l menaquinone(MK-7)%& 7FAaL 9 e™, Kim S(2009)°] Lactobacillus casei
39302 Axd LAEFV F2AA FHel Fostds W = 4 APEA} v

= =
Bargh vk Qluh HIERY Ko & A4Eehs Abstol] @3k A= A58 Aol

2. %9 V= ¥
7k verl Kol A AR X

Ao A= vEtel K (phylloquinone)¥ ¥} Ki(menaquinone-n)7} )3=H,
B K2 Al EollA = =534 ofaf e} sl xoll Bol $Ho] slow, vEvl K.
T TR uAE 9 wEoiX 3 isophenyl”] Z3 9 Zolo wEl FHA| 7 EA)
3}o] menaquinone(MK) 1-14% £ 3F% th(Shearer, 1990).
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HERY K A, e, 9, HEEe, PR 4Fe 2o HaYe] R4 A
of Wol FgF3o] gloew, B3] HEW K& Nattoo] 71 @ol] ddfHo 9tk
(Table 3)(Shearer 5, 1996; Schurgers &, 1999).
Table 3. Dietary sources of vitamin K
1g/100g
Food source Vitamin K; Vitamin K
Meat 05-5 1-30
Fish 0.1-1 0.2-4
Fruit 0.1-3 -
Green vegetable 100-700 -
Grains 0.5-3 -
Natto 20-40 900-1200
Cheese 0.5-10 40-90
Other milk products 0.5-15 0.2-50
Eggs 0.5-25 10-25
Margarin and plant
] 50-200 -
oils
- Not detected
Vitamin K,
(Phylloquinone)

. pO: H,

Vitamin K,
(Menaquinone-n)

Fig. 1. Chemical structure of vitamin K; and K:(Kaneki &, 2006)
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Table 4. Property of vitamin K

w5 Vitamin Ki Vitamin Ko Vitamin K3
Source A&l 93 A 2 i AAESel o8 34 | A A=A
vitamin Kzl Y]

& = Az & ol A2 o] oA} § = vl

SR 3§ JolH a4 15 14 &3 3] 3 oml o] @A
g, Ale A, REE

=¥ g, =2k, o5FY, F | S5, 2823, Natto -
] 5=

o A 30mg/day (31843 A3 v, A

A CM 120ﬂg/d ay, é 90ug/day

4935 Aol 2d - HEE, T8 AF ST

2. MEtRl K, Akt 2 3

Tani 5(1986)2 Flavobacterium meningosepticum mutant’} w9 L9 MK
ghaFol 3dmgel9lal, W& cell g B 55mgeldthal 3kith Sato §(2001)&
ol F¥3t B. subtillis MH-1¢} diphenylamine WA EdWo] #2 D200-41-%
10% FFEE, 5% glycerol, 0.5% yeast extract®} 0.05% K.HPO.(pH 7.3) ®]#]
of 37TCIA 1Y Hies wW Hd MK o] 60
mg/L ottt 3ttt Tsukamoto (20012 W) ERY Ks(menaquinone-7)7F &t
Wl ol osteocalcin®] 7I2E A3l F o3 oS 3}31 NattoA| Fo] th& 2] 3Fo] H
# =e MK7S g#3ta vda 3kl o]ES B. subtiis mutant 7FF= A4HE
Natto Al352] MK73F#o] 17194g/100g nattoo. 2 A AdrF=2 AZY natto A&
of mja] 2wj v =S hERS wWlvta 3l Hojo $(2007)2 Propionibacteria’|
2 menaquinone(P) EFY K)9l tetrahydromenaquinone-9(MK-9 (4H)-8- A Ak3slc}
ukg) 01 propionibacteria® W& A7l A Z F Norwegian Jarlsberg * &2} o
A =7} obdl e} A=) R o] A=E Y MK-9 el 200-650ng/g o 24
T gEe UEUAdYaL sklvh

HELRl KE A4tsks dabetel 33 d5"%+= Morishita 5(1999)¢] Ui
4 Lactococcus lactis ssp. cremoris YIT 20013 Leuconostoc lactis YIT 3001
F7F SAdEA . Sl mdHAe W menaquinone(H] B
29-123pg/Lo.2 Yety frAlFolut 7]er A% $E8 2EH=E AMEE F
AAFSEE T, Srfoll A= Lee 5(1998)0] d7I4tA A =48 A4FsE= Bacillus sp.
LAM 97-44 57} Bacilluss isoprenoid 47} 774l

T
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3. v e Kp7b & diAlel wA= A

e K do4-83 o1& el glutamic acidE 71422 3} (carboxylation) ] 7] L,
= thAbell Slol A osteocalcino] 2h= @ o] FHRASLE Fslo] TR I
tHSadowski &, 1993; Kohlmeier &, 1996). o Ex|3t& osteocalcins-
bone Gla(y—carboxyl— glutamic acid) protein®]&}al E ¢+ dWAZA &
A% 5 9= Glag 30 ®£33kar gl=dl, vlewl K7F Zge] 29 5 3
Q1 =} ‘9“%%% Skt (Vermeer, 1990; Hauschka ., 1989). HlEFY] K& F-ZFo|i}
oz <2l FHFAFI HA &L e2H S Z A (under carboxylated
osteocalin)2 Z#3 AT = 21, under-carboxylation HHZ | oz
Zejye A "ok (Merle and Delmas, 1990). WA &< Fo| under carboxylated
osteocalin® F7F= HIEFRD Ko AR #AEH A& AASFATHPrice, 1988;
Vermeer, 1990). BlEY Ko} & A7 o] #3k I3z AHTable 5)9F Zoll v A& <
F(Table 6)ol ] ZAFsH nlel] 2 vl K 22 osteocalcin®] &4 3t =
el HHEEe HAE dovja wde] AAAe T, HER KE A A

A5l HW A9l B2 AP Frhek WHF WA Avkw spAvh

HOody 1o
oM om0

o
BN

ZER:

m&a

Table 5. Epidemiologic Studies of Vitamin K and Bone Health®

Subjects Variables Studied Outcome Reference
%;gme‘f“me“opa”sal UcOC, BMD UcOC and BMD inversely related  Jie et al.(1996)
Vitamin K intake of >109 g/day
79397 women Vitamin K intake, hip reduced risk of hip fracture by Feskanish et al
fracture rate, BMD 30%; no correlation between (1999)
vitamin K and BMD
65% reduced risk of fractures in
888 men and Vitamin K intake, hip highest quartile of vitamin K Booth et al
women fracture rate, BMD intake compared with lowest (2000)
quartile
1Q4 eldprly women ;e hip fracture rate, UcOC (not'total'OC) predicted Vergnaud et al,
with hip fractures; BMD fracture risk independently of (1997)
255 controls femoral BMD
Fracture risk 59 times higher in
15 elderly UcOC, hip fracture rate women with elevated UcOC at Szulc et al.
womernb (1993)
start of study
Fracture risk 3.1 times higher in
183 elderly UcOC, hip fracture rate women with elevated UcOC at Szule et al
womenc (1996)
start of study
UcOC was independent marker Knaven et al
212 women UcOC, BMD for BMD in women 1 -10 yr (19918)) '

postmenopause

*UcOC = undercarboxylated osteocalcin level, BMD = bone mineral density, OC = osteocalcin level.
"18-month prospective study.
“Three-year follow—-up study.
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Table 6. Intervention Studies of Vitamin K’'s Effect on Bone Variables®

Subjects Treatment Outcome Reference
Group D: Vitamin D3 0.75 1g/day BMD improved more in group
92 postmenopausal Group K: Menaquinone 45mg/day DK than in group D or group I
. . . . ; wamoto et
women with Group DK: D and K treatment K, increase in lumbar spine al. (2000)
osteoporosis Group C: Calcium 2 g/day BMD significantly greater in '
All treatments for 2 yr group DK than group C
In all treated groups, mean
219 healthy men . UcOC decreased from 7.6% to Binkley et
and women Phytonadione 1 mg/day for 2 wk 3.4%,; age and sex did not al. (2000)
affect the decrease
100 healthy adults Phytonadione 250, 375, 500, or Eﬁﬁ?cnea(? lg?eeatle(;(ioc;rglfg}?glaﬁon Binkley et
1000 ng/day or placebo for 2 wk of OC al. (2002)
Phytonadione 18 ung/day for 4wk, Carboxylation of OC not
21 healthy older then 86, 200, and 450ug/day, restored by phytonadione 450 Booth et al.
women p (2003)
each for 2 wk ng/day
93 postmenopausal Phytonadione 80 ng/day, vitamin Phytonadione at study dosage Schaafsma

women

D3 350 - 400 units/day, both, or
placebo for 1 yr

needed to attain premenopausal
%carbOC

et al. (2000)

Treated group had fewer new

46 women with Menaquinone 45 mg/day for 2 yr vertebral fractures (13) than Shiraki et
osteoporosis al. (2000)
placebo group (30)
20 elderly women Cglcmm 2QO mg/day for'2 wk Menaqumqne group hgd Miki et al.
. . with or without menaquinone 45 reduction in UcOC without

with osteoporosis . (2003)
mg/day change in OC
Phytonadione 1 mg/day for 2 wk Carboxylation of OC improved

20 postmenopausal with or without vitamin D2 400 in both groups; vitamin D2 had Douglas et

women ) al. (1995)
units/day no effect

113 women with . . .

fractures and 91 Menaquinone 45 mg/day, UcOC decreased in menaquinone Takahashi

women without
fractures

vitamin D3 1 ug/day, or both for
4 wk

groups but not group receiving
vitamin D3 only

et al. (2001)

94 postmenopausal
women with
osteoporosis (84
controls, 10
treated)

Menaquinone 45 mg/day with
either conjugated estrogens 0.625
mg/day or medroxyprogesterone
acetate 2.5 mg/day for 1 yr

Menaquinone - hormonal
treatment improved BMD that
had been decreasing during
hormonal treatment alone

Hidaka et
al. (2002)

*BMD = bone mineral density, UcOC = undercarboxylated osteocalcin level, OC = osteocalcin level,
%carbOC = percentage of total osteocalcin that is carboxylated.

HIERY] Koo

71 y-carboxylase?] cofactor®X osteocalcin®] glutamine

—carboxyl

hydroxyapatite®} Z3tste] el 2335

ZEAELE

glutamic acid&

Zb =

gidestal, we] gAs FHs=

y—carboxylated osteocalcine 9YrEal

R84

Z 28t Hauschka %, 1989;

acid residue®

¥

ol &

1.

Shearer,

1995). Szulc 5(1994)2 B 2] under carboxylated osteocalin® %7} =2 1%

o] vre 1%
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Ul Kui= Osteocalcin® Gla3dl o]elelx= & Ao A3 Z&sl= Aoz o4y
Aar vk HE K AAEES HER K4 avdese o7 2 &
M fomA ofn] o] &Ml glo] & &S VR FULEA oWAAY ZyE
ZIhe = vk oA dA EeelofE &= ARESHAL 8l menaquinone-
AMEK-4)¢} v 3] menaquinone-7(MK-7)o %= H]Z=3 &7 9y Aoz <y
2 =, In vitro A A A= MK-47F 7134 &Aool =UA4 in vivool A=
MK-73 g4o] v5=dk o2 Haryar 9t}

weh 8 ]E 243 g4 avhes A= gl vl "o Fe
MK-7 %7} Agtdo] gt AFnart fE3 Q2o 2xgda . H2

wUed A 1798 Aoz d3AFA A vEY KB 19 45mg

2897 H&3 A vEkRl Kol o)s] F2/d3% Osteocalcin®] @A A A 84 =
AT AHAE ANTE Kaneki 5(2001)2 nattoE T2 FHdE #4XG 2 9

71 oA, Al AFEA % sl EAIAIY AR HAY] oA, del A =
| A4S ez dHdd Zy dF MK-7 %7} 5.2646.13ng/ml,
1.22+1.85ng/ml ¢} 0.37+0.2ng/ml &2 e} natto HFH7F @ MK-79¢ =&
FostA ST, ES de] 938S EQvar gtk =3 Tsukamoto &
(2001)2 A LA 489S vldo= 3719 MK-7(865, 1295, 1730 ug/100g)3#o] 3
& natto(50g)E 3 ZFCE HFo] 1Y 13] 14€43F AAsHA & & 83 MK-7
S 4T A nattoE AHFSHA @2 ARA2 LAA @okal, 1295 pg ovt
1730 pg MK-7/100g $H3F= nattoE AHFH 3 25 &3 MK-73% #vp 71254
st¥l osteocalein  s&=7F  F7FskvRal &SItk natto We] MK-7 AHAHE
osteocalcin®] #v} F12EAF S A= T PAo T3 Jke v 4
EAAT dtdone aves 49 5 vgi K w271 4
o, Gladl %A &2 Osteocalcin® A s5%7} =
2 9ol =uha 4# A k. HE natto AW HF} o] UEEF B g A
AL dvks Aol ¢HAAA HER Ky, 53] MK-7¢ @555k o
Aol Bl A A MK-73% &ta% ool #ofsgtt} %5\
of HIEIR Ko H@AY 3 =5 A 27FA &8l 93] ZdadAE
Hom xAHstE =242 dEA oM, oo FRo=RYH #AHe FFE F

g
Wohz A2e 44% Wi Yo

H

rir
2,
)
o
A
i)
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A1 4d A=
1. 9+
Mgt 5, B9, AFAES 38 AdRAARE7E 2 Ade d5), A
T SAARAT A, AE SR A 2 AFE FAE A A Aol A
H AFE ARSI
2. A+
A FAlA Az sdeE 7 GTE 79k AFEskaitt
3. GA
el A Alxd @A 35.0%, AN 1.0%, §F3tE(RE) 52%% Al
& AHEsEITE
4. g
ArEA 2ol A Al xdt B 55%ol4, XY 39%°l4, By 6%0]3ke]
A& ARSI
5. &g
CJ(F) A Alzxg zeB g elard 55% 0] (T A LA AES A&t
6. Ribose
Bl Eakoll A Al 238 D-ribose?] Al#S AFE3FA T
7. S (ISP)
YT ae ez FAEFE)M FYE AEFS AT
8. 27|
LF7NF)NA Axd &7 45%S] AFES ARSI
9. Yeast extract
IC FOOD CO9ll A A28+ Yeast extract KA029 A& A&},
10. L-ctsteine
Daebong LSel A A %3k L-ctsteine HCl H.0 (FOOD)¢1 A8 A3} t}
11. CaCly
OCI==2] 3 ALel A Al z3F CaCly (2553 7H)Q) AlE& AHEsESi
12. KH;PO4
A294H2E S 98%9] FHeFom tPstsH(F)ol A AT AEFS AHESAT
13. Vitamin D3
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sglaso MFEAA 29 AFS AEstoltt,
14. 84k <
B Age] AgE FEE AF FAANA DR AERE FAE RFRA

ABT-D(Lactobacillus  acidophilus, Bifidobacterium longum, Streptococcus
thermophilus = T4 ¥ &3, Groupe Rhone-poulence) W& 7HAxH FFE 4
b (F)NN Tl AHgsav,

A AEE-Qls A Aopiel A x| ko

} L
551:354 FRe AT, 4NN FRNFATA S 639 UgOoE g

Az g Aol o] &d ALFAEEZA LTS Saos-2 cell2 b= MEF 2

Ju——
X,
2
=
o
Mz
i)
it
<>
N

N
=
(o,
do
=2
>
S
r)«
SAVREC
i
Ak

S

5 SN 0N Aol B AFE AfF 5]
MRSH] %] o] 4] Bromcresol purple¥} sodium azideE #7138 plateo] smeardt -
37CAA 48417 Al et & &4 colonys ZH7] ©hE ¥ colonyE AW3)
S =FEYE 98 MRS agarel streakingdlo]l @ o] colonyE triptic soy
agar slantel] 37ColA 18413t wieksh thg Hasiity. LE ol 2 kstr] 9alA
= skim milkE %317\]%" T e ABA 8o 9}01015 e 10% S A

o Be)l#FEs HEs I 37Co|A U7 Hieksle] S ug #FEE Muksiglv),

1 5-A s #d dFa a3 % A 45, A5
L4

A

AR vlE FA] 3AIZE olulel wAE AlE-S A AISF Y. bifidobacteria

#dsA ¢ F ) A gor 10°~10" cfu/ml FF7}
# 33 F owlg wEo] EL BS agar plated] 3AE A®E 100pE =3I F
anaerobic jardl] gas pake Wil 37ColA 3¢t drjdgoz wjkdsct. Eud
bifidobacterias= paraffin oil®] F%% modified BL broths AF&3te] 37T A 1
8~24A17F vjksle] wFE WAL At 2] modified MRS(glucose—
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lactose)oll Al &3t e HAHL AfF9 L3t o= FesRaL, 37T
14 18217 2 2447k v <Fsle] Said wHFE At

¥ A EE W FA] paraffin oile] F% ¥ modified Blood-Glucose-Liver

roth7} =7 15mle] "3t polypropylene tubesol] #o] 12A]7F o] ol ] A

Atk AHY FHo=HE bifidobacteria w2 2 & i

Aot Aoz AA3Lo] bifidobacteria TFE 4%, R#A39
Z t}

= = ’
e 3TCA 18A1 7 B 2441 3F v gste] gare i AdEsl

65
C
>
>,
=

=

2. g K; A4 o5 A
7t Al B - A

w2 Awrd At MRS A A
=91 3 Morishita %$(1999)¢] HIH& W
(3 7ol HEsto] 30TolA 484 7F&<t vkl vl A= modified Rogosa
mediumel Al 2,460xg 1557 YA B2 sle] 359, 2d52 23] Aoy &
T4 Az Y €A f-(Reconstituted skim milk, I 8)¢ RAAAFE

%351o] 37ColA 18A17FECH ulk & 3] glo] AL&3Au.

oA 28 o]% Ah wigste] #H&

A]
g3le] 7= modified Rogosa medium

Table 7. Composition of modified Rogosa medium

Component gram/liter
Dextrose 20.0
Trypticase peptone 20.0
Tryptose peptone 3.0
Yeast extract 2.0
Tri-Ammonium citrate 2.0
KsPO, 3.0
K:HPO, 3.0
MgSOy - 7TH20 0575
FeS0y - 7TH20 0.034
MnSOy - 4H20 0.1
L-Cysteine - HCI 0.2
Sodium acetate 1.0
Tween 80 1.0
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Table 8. Composition of reconstituted skim milk

Component gram/liter
Skim milk powder 100.0
Yeast extract 5.0
CaCly 2.0
L-Cysteine - HCI 0.3

silica cartridge®l| <3}t
HEFY Ko3 hexane-diethyl ether(9:1)Z £%3lal, §F NS A4 T F 3lolA
K3 P!

=, XA, ~2F9 acetoneo|H} o B

t}. TLC
FEE L petroleum ether—diisopropyl ether(9:1) &v] 2 silica gel plate’el A

3L &

MaksE . vlElYl Ko gel-pattern analysis system(spotE ¥ menaquinone-4%}¢

gt HPLCE °]&3F e A%

Tsukamoto 5(2001)¢] Wiel we} 29 9f o] FZ2Hx T
10mlel 1g 2o} & 7](Ultra-Turrax, IKA-WERKE, Germany)Z ©]-&3}o] 72
gHom, SAGAf vl wgdE wHAE dA] AEE o] &3t Filter
paper No.2(Whatman, International Ltd, England)el oj38 &4 5mlE
AAMFE e 27|30 @] 2-propanol £9-8 ¥Wi 1583 A3 U Hexane
6mlE H7bstar 1583 w4 3 AAY & A AmlE 28 FEA &1 U
FERL AA2F5E3929 0.1ml methanol & LA A &3E 948
0.45um  cellulose acetate filter(Adantec, Tokyo Roshi Kaishi, Ltd. Japan)e®l
o Fato] o] 2 FHo| ol A& tH(Fig. 2).

i)
=t
2
(ld
o|\
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filtered solution EnI -
5Smil 2-proanol e
6ml Hexane
Q)

homogenized fittering
‘/’". 1 ml methanol
Mixed 15min
Dissolved Aml previous solutio

Dried

Fig. 2. Preparation of vitamin K: from extracts of lactic acid bacteria
% YEY Ko(menaquinone-4, Sigma Chemical, St Louis, MO, USA)=
methanol® £3] 0.1-1.0ppm WA HABFAE AP o, HPLCE #F 99 A

A zAoR PATAT

Table 9. Operation condition of HPLC for the determination of Vitamin K contents

Parameters Operation conditions

Detector UV-2075 PLUS (Jasco co., Tokyo, Japan)

UV Wavelength 254m

Column Delta pac C18 5n 300A (3.9x150mm) (Waters, Japan)
Mobile Phase Methyl Alcohol

Oven Temperature | 35T

Flow rate 0.8 m¢/min

Injection Volume 2048
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vt LC/MassE ©]-&3F v el Ky 8¢l

Vitamin K& ## 437 89 ultra performance liquid chromatography—
quadrupole-time of flight(UPLC-Q-TOF)& AF&3}3it}h UPLCel 42d ACQUITY UPLC
BHE Ciz column (1.7 uM, 2.1x100 mm)-& methanol® equilibration* 71 ¥ A& 8 uL& =+
A3 T AlEE methanolZ 537t fellow rate 0.3 mL/min®.2 isocratic elutiond}ith. &
2% eluent™ photodiode array (PDA)detector® ©]-&3}o] 254 nmollA &H =5 SAHIIHN L
H AL 02 Q-TOFE °|43% mass spectrumZz S43A Ty Q-TOF= ES-negative %
Ao A B89 0 capillary?t sample cone voltages= 214 253 15 kVe|al source <%
o} desolvation +%% ZF7F 110TC, 300C ™, desolvation®} cone &%+ ZH7F 700 L/het
20 L/h Z270A =383tk precursor 45 913 collision cell energy= 2 VE AR83)
o Ed FA4 Ao collision cell energyE 10-30 VE WA A& Th 200
pmole leucines lack mass@ AF&3FATE =49 542 elemental composition®.= =28
12} screening 3+ ¥ online database (www. chemsider.com)& ©|-&3}°] 22} screening 3}t
o HF FE=HE ol&st wHsta A EHsidtt A8 Ay x2H2

HPLCS} 543 Fig. 29 WA & A 5E AFE3F

e - AR A4 #F= MRS AAEA A 23] o] Al w%fkste] &4
£3Fth. e A4S Hammes 5(1992)2] HhHol 2] &)
AAE AT e B9 #F= Gram@M, I, 3714 2@ #74 A,
Catalase 4, 15C 2 45C olA9 A, glucoseZFH 7l A, arginine =5
B ammoniaAl, dn7  #&I}  Lactobacillus S API 50CHL  kit(API
bioMerieux, France)Z, Streptococcus TS API Strep20 kit & o] &3] @ W&
Aee AAFA . ZAFe] DNA sequencey universal primer 27F(5'-AGA
GTT TGA TCC TGG CTC AG-3)¢ 1492R(5'-GGT TAC CTT GTT ACG
ACT T-3"% AH&319 o1, solgent EF-Taqg AM&-3te] PCRS A8t S%
HAL 95T, 16%a 3 & 95T, 20%; 50T, 40%; 72T, 1302 & 303 A st
on 72T, hRo= vy 9y AEdEAHALS PCR productE solgent PCR
purification kit® purify 3t ¥ ABI 3730XL DNA sequencer® A& &3t}

S
o

il (

£

o

4. AXA = A3 24 5 2 712 A3
7h AlZAIEE A Az
A A8 positive controlZA] 59} vitamin D3E AFE3F9th OF FEE
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2= AEA F AEAE FHLAEA E335H7] skl 80% ethanol &) o2 FZE3}
A3l 40CoA #AtsE A7l & 2AAXSGT. 2 AFd AL A R FEEEY
vitamin D3E& DMSOQe°] £33 & Tz 35439 oy, DMSO HFsis

0.1% |3tz 3k3it.

U Saos—2 A X9 AX
1) Saos-2 A ¥e] A

VA xE FA AL

T4 d49

)

Al wf g
Saos—2 celle FHHEFLSY (A &) o ZFE £ B
o} AME3E 3L, 1% penicillin-streptomycin (100 unit/ml, Gibco, BRL, U.S.A)3}
10% fetal bovine serum (Gibco, BRL, U.S.A)& &3 RPMI 1640 ] %] (Gibco,
BRL, US.A)E AF&3}e 5% CO27F ## % & 37Chumidified incubatorol A )] <3}
At
2) Saos-2 AlXe AEF FH

M2 AFEL Mosmann(1983)9]  Wiel| w96  well plateol
ox10%cells/welld] ¥E=Z MXE 2333 Dimethylsulfoxide(DMSO, Sigma
Chemical Co., Louis, Mo, USA)el &3 ANHEES HFEE 1x10' ~ 1x10°
mg/ml7t HE% H7lsted (DMSO HEsE : 0.05%) wjEstart 724 %
MTT(3-[4,5-dimethyl-thiazol-2-y1]-2,5-diphenyltetrazolium bromide, Sigma Co.,
U.S.A) solutione HEFE % 05 mg/ml7l S =2 HUlsle] 42 7F vkt & gAld
formazan 242 DMSO=Z £3]A7 540 nme &# %S ELISA (Ceres UV 900C,
Bio-tech instrument, USA)Z =43} %t}

3) Saos—2 A X A2 Alkaline phosphatase(ALP) &4 =4

Majeska®t Rodan(1982)2] Wl we} A 2] p-nitrophenyl-phosphateE x
22 o] p-nitrophenol® phosphate® £31E &2 A7) ALP 4% =A39
96 well plate®] 2x10° cells/welle] T %2 EF3F Saos-2 celld] 72F Y24 A7 E
HA7bska 48 Az vt vl & Ice ol Al 10% Triton x-100/in PBS(final
conc.) 5 ul/well, 196 Triton x-100/in PBS(final conc.) 300 u/wellE Po] &3]A
& 253 Bt 94 E2(14,000 rpm, 20min, 4TC)3FSich AR & A5
g 4 wWA 96 well plateo] E3L ALP test kit reagent(Thermo Trace Kinetic
method kit)E 200 2 713 3 microplate reader(405 nm)E o] &3}o] 1&7F vk
Azl 5 283 S48k control % W E W3S

S

e

N
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HAtel e Ay, pHE S48k Agstdch AdFe 10% @41
150mlell ZAkt-s Iml& 33 1drop HES & 34, 37, 40TA 3A|F HHo=
AN ZE7FA] vkt 7} Al 8BS 0.19% peptone& el 343Fe] BCP plate count agar

Hgol A Fof =3 & 35TeA 4847k HHO]‘O}C’# AFstdil, 25 % AZPEE
pH W32 =A3v) olu pHY pH meter(Mettler model 345, England)® &%

sheleh.

O

L&A WA A
FAA WA AL MRSAA Al b F55 HF8ke] 30TAA 18413 Bl <

2l =
gt F 0.19 peptoned Aol AAwm= s4qsiivy. 2 FABAV 7 sEE=E 29
A tryptic soy AA R ] 10° ~ 10° cfu/ml FZo2 HE3A 30°ColA 4847
kst & fotom #zste] Ao FE AAs At AAA HAAFHES 2v FA
=E MIC(Minimal inhibitory

d
WHE AREsEeH, A" b e =
concentration) @to.% AA3AY. I A= Sigma Chemical Co.(USA)ZE F-¥H
mjate]  AFgEvh A= Amikacin, Gentamicin, Kanamycin, Neomycin,
Streptomycin,  Penicillin-G,  Methicillin, Oxacillin, Ampicillin,  Bacitracin,

Rifampicin, Novobiocin, Lincomycin, Polymyxin B % ChloramphenicolE 4| & o]

A3k,

ok EagA MY

MRS A= ell Al 30°C, 18A)7F&et mjdt w55 AyAdaz 3435 10
°~10° cfu/ml 79 A BEE A% F APl ZYM kit(API bioMerieux, France)Z
o] g3}o] 30TelAl SAIZE vlgst vt EAnkE AZTh EAgPS TEMYIEE
vl sl 0~59 FA= gAY oew gz o]9e alkaline phosphatase,
eterase(C4), esterase lipase(C8), lipase(Cl4), leucine arylamidase, valine
arylamidase, cystine arylamidase, trypsin, chymotrypsin, acid phosphatase,
naphthol- AS—-BI-phospho—hydrolase, a-galactosidase, B-galactosidase, B-

glucuronidase, a-glucosidase, PB-glucosidase, N-acetyl-B-glucosaminidase, «a

-mannosidase, B-fucosidase £.A 2] &4& =AH33
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o Wegsd 49

Gilliland®} Walker(1990)2] "ol whe} 0.05% cysteine®] &% MRS A 1] ]
of 0.3% oxgallS H7}3 3 liquid paraffing <=3 t}S MRS A =] x| o) A 37T,
18A1ZF wiekR Zh7be] 55 1% HE3dke] 37C2 water bathol A wikslH A A
R ODendbe 43T

O

vt pH A 23

Clark 5(1993)2] wel we} 37% HCle S/l 4o pH 1, 2, 3843 =
T2X4 pH 64898 Axsa, AZFd pH €9 10mlol] 0.05% cysteineo] &5
MRS} A 2 ol A 37°C, 24413 vl Z42be] 755 ImlA S A& 5 37CoA )
FatHA 0, 1, 2, 3AZF 39 AHFE 37T, 48412 7] Wikt s AlEskith

np gare A

Gilliland®}  Speck(1977)¢] ®Wiel] we} ey FAGo| AFESE AA
Escherichia coli, Salmonella typhimurium %2 Staphyloccous aureust 3+
THoz BY BIEdow, AAqte]l FAMIAZ XA Escherichia coli, Salmonella
typhimurium, Staphyloccous aureus+= nutriunt <A wjR|o| A z7]|& o2 37T, 24
AIZE wleksivE. gt B diEel AR HiAlE MRS AR =A B4kt
I AA TS 7 HEstel 37T A 2443 wlFE Ty Al el 2 A
Escherichia coliv= EMB agar, Salmonella typhimurium-S Bismuth sulfite agar,
Staphyloccous aureus ¥ Baird parker agar® AF&3Fe] 37Tl A 6417 vl %31
th RAibgto] ok A A|wFe] A& thao 2oE 33t

il

ol

=

il

)
il

( =8 w5 CFU/mD - (&g F $2 5 CFU/mD)

9¢ Inhibition =

At Al 74 g8 94E27] (Domoe Co., Japan)E 16,000 rpm/min
o2 Z|HAA cell paste FEH= 3730 FEAREAZA] glycerol (50ml) +
polydextrose(25g)(Food grade, Samyang Co., Korea) 2.2 w33lo] 10% e
- 500 mLel| A7}gt & 121 Cell A 587 derdlo]l Wzadvk. A7l cell paste
£ 150g #H7lstar -45TC =2 43 & 527X 7](Freeze Dryer, S48 50 kg,
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Operon, Korea)oll#4 WE7] £%-50C, WYWEH &% -20C, &4 mtorrd Z2F 3}
ol A Ax3t FD cell powderg Azttt #FLHAIRES A8 10% &A1
FD cell powderE 0.1% HE3 & 40ToA 18217 vl et ohs thA] 10%6 © A
150mlell 1 drop &S & 3A3F FFA o2 24AZI7ER] wgFs 72 AlZE 0.1%
peptone-&<4 o] 3] 2 3}e] BCP plate count agar ¥ ol A] F-of

AIZE wfeEske]l AlgEskelal, AIRPEE pH WItE &
meter(Mettler model 345, England) 2= =3} t}.

=37 § 35TelA] 48
Aspslth. ofdl pl pl

& MRS QA A A 40C, 18413 wikd Z47te] tFE MRS #WlA =4 <
Glucose(20g/L) t4l 25F¢] g©a¢do=z Al H7Fd MRS Ao 1% F &AL,
40T oA 18417 HiF3 v} UV-spectrophotometerS ©]-&3}e] 620nmeoll A optical
density(OD)E FA% F AAssow, Zdidy vgdis MRS HIAIEA,

Rogosa A 24 2 AlF 287153 AAQE 7Forste] M As )

)

g, Aad, vEdad vEd K, A4 88 74

Auky ZAAFFE o]&3o] skim milk 10%E Base® 3t of7]o] g4y 2
29 9 FdadE HUbe e 40Tl Al 18A13F B 24413 m ek thE v E
Y Ky @es ST

th v e K Aakszl g e AA

Lactobacillus fermentum 272 w5+ ISP 1.09, Ribose 1%, KI.PO, 0.2%%
hr ek skim milk 109% ®iA|ell 196 HE3t AL, Streptococcus macedonicus 351 Tt
T+ vyeast extract 0.525, CaCly 0.29, L-cysteine - HCl 0.03%E g3t skim milk
10% # Aol 19 HE3te] 40ColA 6413F bA o= vepdl K, 3=, pH 2 A4kt
ol WatE A5k HAe daxds AU

7. AXEA & 23 24 A5 2L ol3sta 5A
7F A ZA
D A9 Alx
7h A B

= g3 2 Hs
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T3 AEA APS Y3 ABRLS IukFow M I gyl JdE
Aoz 42 tF(soybean) FE=, FUFFAolA vitamin AE 2] Positive
=)

control=4] AR5 = 1,25(0H)-Ds, AAF ¥ &, vitamin K. A4 @& F-o| ).

i

L) A 8e Fu
Lactobacillus fermentum 272 v+ ISP 1.0%6, Ribose 1%, KI.PO. 0.2%
E 53 skim milk 10% ®iA|E Ao 2 Streptococcus macedonicus 351 5
= yeast extract 0.5%, CaCl: 0.2%, L-cysteine - HCl 0.03%5 &3+ skim milk
10% ®IAE o= ZkzF 90T oAl 30%7F Aarsk & 1% A& 3L, 40Tl A
18A1ZF v ettt Zzhe) T ad g YA me 2 dxskalth

th AEAAE AN Ax
AXF EE A9 vitamin Ko AMP TaRE 42 Adxste] EEe Ay 2
Aol AHE Al DMSOel 8313 & 34ste] FRmEE A& AL, DMSOS] HE
FEE 0.1% olst= 3 th

2) AEA 73t 44 A=d 8 A4
7h o 2 AXA AR s " ads 24 A

(D) Ax ALEe 4

Mosmann(1983)¢] #iel we} 2x10%cells/welle] ¥ %2 At 72 ¥ n
W sample® 7] 96 well plateo] EF3FaL 29 7F wjeksldvl, wjokol o 2wl A E
wlokek A AT xR 3l sample & FEE(Ax10'~10° mg/mh= A&

0

1z

0}91 ] positive controlZ+= vitamin 1,25(0H):Ds(Sigma Co., US.A), 1#]al £
A controlz HFE AFE3A T 249U MTT(3-[4,5-dimethyl- thiazol-2-
yl]—2,5—dipheny1tetrazolium bromide, Sigma Co., U.S.A) solution(0.5 mg/ml. final

conc)e welld 20 w0 HEAZ F ArZEet wiketal wjgFRS AT F
dimethyl- sulfoxide(DMSO)Z 150 p# ¥of 5837+ WA 38 A MTT formazans
gt e, 585 ELISA reader®= &#%(540nm, 25C)E 4389 control %
Bl RA) 50

0:—4 01'_u

(2) Alkaline phosphatase(ALP) &4 =4
17t FAF ZFAEFS Saos-2 cellolA] ZFHAEY XS YEME A
el

#2 AFE33 Alkaline phosphatase (ALP) F7184 S =R 39 o ZI A Eol A
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ALPS] A4S S7MA7]+= Ao = HarE vitamin 1,25(0H).Ds(Sigma Co., U.S.A)
¢} 2% FE positive control® AFE3FA T Majeska®t Rodan(1982)2] Hl-wH of
w2} 289 p-nitrophenyl-phosphateE =2 2] p-nitrophenol¥ phosphate® &
AE HXA7]= ALP €A4& A8 1A MTT d33% 2] Saos-2 cell
2x10* cells/well®] HEZ ZA3le] 7+ 59 sample® &7 96 well plated] &
83l 48 A3 vttt wigevio 2 3 MY g UXT o= 33l sample
FEE (X107 ~10"° mg/mDE 4838921, vitamin 1,25(0H):Ds, tFZ positive
controlZ AFE3FA T Bl k2 4ARAIZF wlF & Ice ZdollAl 109% Triton x-100/in
PBS(final conc.) 5 pd/well. 1% Triton x-100/in PBS(final conc.) 300 wl/wellE
o] £33 271 & sonication(15 sec)3til 9AE2] (14,000 rpm, 20min, 4C)3A .
ARy & A=l 4 A 96well plateo] FIL ALP test kit reagent(Thermo
Trace kinetic method kit)E 200 w2 H7}3 & microplate reader(405 nm)E ©]

g3l 187 WS A2 F 283 Z4eke] control % W2 W)@k

o 4N wo o

& A3t AR olgeta EA
D) &xd uE Az 2435 W3l
Ha e 2714 A3 @445 T 5 S A fl1ske] &4 o
=9 FEE (110 mg/mDS oz 7tdenwe) 71aA e e FAY =
A EASHEE ZAEIEY TFE R A AR 80Tl Al 30+, 90T el A
5%, 90TelA 308702 3.

FY = 2,

="0o1-=

Aol AA AL 15g3 2 FrElsS ¥aL, 105£1C ¢ A x7](Ciculation air
cool strilize oven, Seoul Scientific Co., Korea)ol A 3tzo] & w 711 Ax3 v}L
A Aol E o Wyste] FAE A AR oF 4gs ST ol o) A &yt
A FEXAAA WEES WuE Aol HdowA stdett. iR F
A7 & gkl Ax)el &7 3AF dxAI7

o)
g s 1 T
08 P FAE AT o] £4 olzv wRem wuite) ¥ Aol

o o
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T T(%) = (W1 - Wo)/W x 100

v, g

A5 05-1gs A8s] dolx EaEuA(Kjeltabs auto, Tecator, Sweden) 2
tablets(1 tablet:1.5g K:SO, 7.5mg Se), # &35l 12mle} $HA &3 &gl ¢
3 ekl B3 3R] (Digestion system 20 1015 digester, Tecator, Sweden)el| 4] ©F
350CE 7tEdstdnt EalEefaae] & o] FHalxd Ao = Yyrtstil 7
T PmlE 443 3 7 A A A (Kjeltee Auto 1030 Analyzer, Tecator, Sweden)
& AFg3ke] 0N HCl AA =S -3 & v 22 Aibro=z and s
T35t T

0.1 x ml HCl x f x 14.007 x 6.25

ANET duld =% =
mg A& x 100

f: 01N HC1Y BEAAF

ok f7

FAZZPNADE 508 : 1989)9] ols) 24w BAstgch A8 o 1 ~

2g% WolAd Ad F 8 ~ 10ml HOIE H/He vhg Amgele] 712 g
[e]

YA7E s &ald wizhA] i ffolA AAE] Tt
ANEEHE Wrste EHZr]el &7 v EtOH
iethyl ether 25ml, Light petroleum 25ml= <
Fato] Al vlE JHe & ST vl E WAl 183t AEEH
EEoF e 0ERAE AAste] FEAe FAS & s AWl 2kl
U x] RS BRAZur]o] & the  Ether®}t Light petroleumE Z+7b 15ml #
7hete] 2xF, 3% FESATE A7|CA AL FedE A AW 2 & &
& evaporatorol] A ZEhA 715 dry ovenel A 1A17F A= HAx3
S HAACIE A deor WYs & FAE SAAY. FAFAL Aot

=
elmgols7h 2 W7bA) o XA wEstel AFFAR sHsich

—
j-

=

o
_~

N
)

o
ob
£

rlol

L

i

o
£

N

- 0O
2

g

E
i
dlo
X
o
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ANBE F AHH%) = (W - Wo) / W x 100
W AR T (e)
Wi @ Ax $ AukeEr] e F3H(g)

Wo @ 5715 % (g)

T

2k 3

AEE o 1-2g% AF3st FAE €3 de AA 7ot
(Muffle fernace, Blue-M, U.S.A)oll ¥i3l £5EE& 350C7HA A A]3]
o ol WA @od thA] S50T/HAl 2RE =E A oF 3A3F EeF QE}’\]
b7 vk & A 7Y E A Aol thel] Yol Aoz Wid v
sttt o] XA o] W wHESkal whExEe]l A9 zko]7t £lmgo ]0}7}

HEFAR sl
AR T X23E(%) = (W1 - Wo) / W x 100
Wi @ 33 de) AA =TI FA(g)
o ¢ 33} 5o AA TR FA(g)
Az AR (g)

_—

L olo AN
R
S
e o
NN

mﬂmm
(0T R A A

=D T

up, AL E

NBEE HAAD 533 gL, 37+1TE 713 5 A8 9ol 27F 18SmlE 7}
3le] A8t 1% HExadd e €9 0.5mlE A71s the 0.1N NaOHE Ao = 30
23 EE Al Xl

&9 v 7 4459ar.
8 1ml= 0.009g 24k

0.IN NaOH 24 %(ml x 0.009
AR (B4E%) = x 100
A FO)

A& 1lges Fadez AFH3Y 9ml FEF R Yo 725< 30cmdA o=
253 MlA EE50] & & Aoz 34353 BCP(Brom cresol purple) 3334
4 Toll A 48417k v ks vh A8k gao Heks

e

A B

AES WA ATHEATANS] ATASE ANRGo, AX A,
W, 244, FYANEE D TANNE 97 /EAEYOR Aste] 1 A%E
EAA % 494 A4S ek,
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(o) = = O 51 = —
9. ¥ERDL o8 Efe) BRI FA LAY 54

T7]T: 12/ 7tz x4 }},\J« ??]_Zl— A &A1zl = A7 HolE A
o, B3 Ad 2ol (AIN-93M, Table 10)& A-f5A HFHI==E 9. 2
P F 8reR "HAFE FH9F fd(sham)¥ EAFE FHAAT tixd
(control), Lactobacilus fermentum 272 wFZ o|&3 W& F(A), Lactobacilus
fermentum 272%+ ABT-D & 505002 3 wjkst wraf (B), Bel vitamin
D3 01ug/PE kg #7133+ WRA(C), Lactobacilus fermentum 272, Streptococcus
macedonicus 351, ABT-D(HE3F)E 35:35:30 V&2 Epvlgst Ta
(D), Dell vitamin Ds 0.1ug/RE kg A7} L3 /(E), ABT-DE o] &3 L& /()

2 Urden @ 9 glele] AYERS ASSAT 94 A8 AR APE
e Adstel Zze] BEAT AE AR odd oFe] AA 247 50044
A7 Folstgith NESFS ABHE 5P BEA 150m/HD AF 60kg S 19

23] 7|&=o 2 sttt

Table 10. Composition of the experimental diets(g/kg diets)

Components Contents
Corn Starch 450
Casein High Nitrogen 140
Sucrose 100
Soybean Oil 40
Fiber Cellulose FCC 20
Ca—Deficient 93M Salt Mix 40
AIN-93Vx Vitamin Mix 10
Dyetrose 150
L-Cystine 55
t-BHQ 0.5
Choline Bitartrate 14

. F 43 = (ovarietomy)
7 FEE GAHAE HoE FAHF(PHLHIIDHA RS FRAEAT dAHES

o &) 8] Z(ethyl ethen)® AHE wpFHAZ] t}e 70 ZRE 10~15 mmAH, F
F25H 15~20 mm spEF-99 IFE 10~15 mmA = A8ttt L vF
=

ATE Botel 7h9le Bl AR Il AfRe] 24U + Y%
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2) dehe] ALP, Osteocalcin ¥4
Ao A2 Alkaline phosphatase 24 Buffer/Enzyme Reagents®} ALT
co-enzyme .= T ALP reagents (Bayer, USA)E A}-8-3} o]
autoanalyzer(ADVIA 1650, Bayer, Japan)® 243} t}.
Osteocalcin®-  competitive method® 2.2 autoanalyzer(ADVIA 1650, Bayer,
Japan)E o] &3l EA3Gth L del= ofg ek Zu

Ag + Agx + Ab ——> Ag + Ab, Ag*x + Ab
- Ag ! Serum
~ Ag* : PI-labelled Osteocalcin)

- Ab : polyclonal sheep anti-h-Osteocalcin

Tubeol STD ¥ control, samples labeling 3 ¥ 50 ulE #7}3l3, tracerE
250 ul A A7}t mixing & 4~8 TeolA 20~24 AJ7F%<t incubation 3} t}.
Tubed] WEES 94 &9 & Wil washing buffer 2 mlE tubeE washing 3F
S 18 ol Y-counterol A activity® =AsH, 1 A3 47 binding
percentageE T-3F3L logit-log graphZ ©] &3] standard curveE eI Z}7}e] &

Ege ArEekdvh

(31419 H+t CPM - NSB CPM)
(MB %+t CPM - NSB NSB CPM)

%B

x 100

3) @] Ca, inorganic P +4

Calcium= OCPC(O-Creasolphthalain Complex)¥ &7}#] &<} A violetd
S3Ee AT oyd dYE o]&ste] €AY calcium FHHLS  calcium
reagents(Bayer, USA)E o] 839 chemistry autoanalyzer(ADVIA 1650, Bayer,
Japan)® 454 nmel A #43te] AsEAALMH R AHE 4= Inorganic
Pi= 3H2F 3kA oA phosphate©]23 molybdate”} ¥+-$-3}o] phosphomolybdate &
S-S A o3 Yy ® HH sulfuric acid®}t phosphate reagent® ©]F
o] 7l Inorganic Phosphorus Reagent kits (Bayer, USA)E ©]&3}o chemistry
autoanalyzer(ADVIA 1650, Bayer, Japan)® 340nmol A 213} t}.
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A

v, diE & 9@ Az W3l =
D vEE 9 Ao wE
Ovariectomized rat AF% 125 3 358l dAFH e -+ Az ¢ vy
S 73 & W% 2 formalin * 2 8te] B @3
2) =¢34 Wiln =4
7h =9 FA, Aol & FA A
*E% A diEE 48, AW, dd 58 AAG & FAE FA439
Zo] Zo)9} F7A ¥ Digimatic caliper(Mitutoyo, Japan)® =74 9]t}
2 BMC(bone

) BMD % BMC¢ =74
Z3 E =2 BMD(bone mineral density)

% A3
mineral content)E pDEXA Forearm X-Ray Bone Densitometer (CooperSargical

1-0 il
o 1o

Company, Northland)& o] &3}¢] =43} t}.

THAE ALEES AL, SAS V8 =

one-way ANOVAZE 2 A%

A}, BAA
2 A7 i &
A 7

= Ao AY Ay dEd A
°]-§-3}

2Z2% (SAS Institute INC., Cary, USA)-S
oA Duncan’s multiple range testol] &]slo] 2z} A &l2)

% a=0.05 FF
o foAe AR
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2 F3
7h Aol A Baket 7]
ANEH T8, 95, A8 AEL 3T dFaAA2EHIE 2 9= 958, A
B Z2AAHAT A AR S AN T Lol A K Yol EAW AHE 2351

MRSH] %] o] 4] Bromocresol purple® sodium azideE #7138t plateo] smeardt -
37CAA 48417 Al et & &4 colonys ZH7] ©hE ¥ colonyE AW3)
S =FEYE 98 MRS agarel streakingdlo]l @ o] colonyE triptic soy
agar slantoll 37ColA 18A17F wikale] 2173709 +F5 B39}t S i fol &
Shal 7 E s YdalAE skim milkE $aAZ £ dojok R 10% Y

| BEHFE AEF & 37CAA 18AF L 244 7F g3kl a, o]
SaE FF7F 9587 ol Yk

=

cfu/ml 74 gA43g & mlg] ¥h&Eo] F& BS agar plateoﬂ @Q% A& 10040
E T3 & anaerobic jarel| gaspakg @il 37T

ol A 33U A7 A o= weksted

t}. #2¥ bifidobacterias= paraffin oil¢] G2 % modified BL brothE A}8£3}e] 3
TCoAA 18~24A17F wj%k3le] 597 w5 HAsIHth ZAibet &8+ modified
MRS(glucose—lactose)ol A 8 ston thE HAL AfoA 283 it 5
A3 A e 817 #FZ FRHI}ACH, 37ToA 1847 F 2447k v F3lo] &

P
S A AT A B TFSol A Aol 508 e W o2 RE 5kt
= HW¥ FA] paraffin oile] F5% modified Blood-Glucose-Liver (BL)
97 16mle] "E ¥ polypropylene tubedl] 2o AdAZ =43 1247k
AAEG . AHY BHoZEH hifidobacteria ¥2 2
o2 A A3t bifidobacterias 877

d R
F5 #37, uBaAx, AATe 6E P00, o F 37CAA 1847

(.Y

N2



UAE Rt SaE #F A EFE BesTh

Table 11. Lactic acid bacteria and hifidobacteria isolated from raw milk and feces

feces
Strains Raw milk
infant adult
sample number - 45 50
MRS media isolated strain 2,173 &1 86
109 Skim Milk coagulation(24hr incubation) 958 43 41
Bifidobacteria strain - 59 &7

2. Vet Ko ALF 5 At
Aok EHoA] B3t #F F 10% &Y "R ol A 37Tl A 2417 v okE}
o] Laykg-S Mol 704719} hifidobacteriatt 146 o] A tH(Table 12~22).

7}. TLCE 9o]&3 Vitamin K29 AATY &<l

L keS8 Wl FFE Rogosa mediumel| HEdte] wjokstar, Q4 EEE]
Aol 2 cells TAAFI T Fig. 29} #o] AAYE 3Fa Table 233 #Z& TLC
oz A Ay Vitamin Ko A F5E Fig. 3dlAA-d 213t 4 s

Table 23. Operation condition of TLC for the determination of Vitamin K; contents

Silica gel plate 60F s plate ; Merck, Darmstat, Germany

Mobhile Phase petroleum ether - diisopropyl ether (9:1)

UV densitometry 254m
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Vit. K, ——P

STD® SP”* SP”

Fig. 3. Confirmation of Vitamin K- in the lactic acid bacteria extract by TLC
* STD ¢ Standard Vitamin Ko spot

* SP ¢ Extract of Vitamin K- in lactic acid bacteria

_51_



Table 12. Skim milk coagulation and Vitamin K. production of strain isolated from the

raw milk of middle Kyungki province

. |Skim Milk coagulation Vitamin K: . |Skim Milk coagulation Vitamin K2

Strain 18hr 24hr pH production Strain 18hr 24hr pH production
A-1 A-46 + + 497 —
A-2 + + 475 * A-47 + + 4.66 —
A-3 A-48

A-4 A-49

A-5 5.05 — A-50

A-6 + 463 — A-bl

A-7 A-52 + + 492 —
A-8 A-53 + + 495 *
A-9 A-5H4 + + 492 —
A-10 A-55 + + 4.81 —
A-11 A-56 + + 4.87 —
A-12 A-57

A-13 + + 447 x A-58

A-14 A-59 + 4.88 —
A-15 A-60 5.05 —
A-16 A-61 + + 461 —
A-17 A-62

A-18 472 — A-63 + 504 —
A-19 484 + A-64 + 495 —
A-20 + + 478 — A-65 + 4.82 —
A-21 A-66 + 474 —
A-22 A-67

A-23 + 462 — A-68

A-24 + + 4.80 + A-69 + + 479 —
A-25 + + 475 — A-70

A-26 + + 477 — A-T1 + + 477 —
A-27 + + 473 — A-72

A-28 A-T73

A-29 A-74

A-30 A-75 + + 4.90 —
A-31 A-76 + + 492 —
A-32 + + 472 — A-T7 + + 482 x
A-33 + + 474 — A-T78 + + 4.89 —
A-34 + + 4.85 — A-79

A-35 + + 475 — A-80

A-36 + + 4716 + A-81 + + 4.83 *
A-37 + + 492 — A-82 + + 4716 —
A-38 + 504 — A-83 + + 4.68 —
A-39 + + 473 — A-84 + + 492 —
A-40 A-85 + + 467 +
A-41 + 507 — A-86

A-42 A-87

A-43 A-88

A-44 A-89

A-45 A-90 + + 473 —
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. |Skim Milk coagulation Vitamin K; . |Skim Milk coagulation Vitamin K;
Strain 18hr 24hr pH production Strain 18hr 24hr pH production
A-91 A-136
A-92 + + 474 — A-137
A-93 A-138 + 4.80 *
A-94 A-139 5.02 -
A-95 + + 4.69 — A-140
A-96 A-141
A-97 A-142
A-98 + + 478 - A-143 + 4.67 -
A-99 + 5.06 - A-144 5.03 -
A-100 + 4.62 — A-145
A-101 + + 4.80 x A-146
A-102 + + 4716 — A-147 + + 472 —
A-103 + + 477 — A-148
A-104 + + 492 — A-149 + + 4.80 -
A-105 + + 4716 * A-150
A-106 + + 4.66 - A-151 + 5.09 -
A-107 + 4.65 — A-152
A-108 A-153 + + 4.83 -
A-109 A-154 + + 4.65 +
A-110 A-156 + + 4.67 -
A-111 + + 4.99 — A-156 + + 4.67 -
A-112 + + 498 x A-157 + + 474 -
A-113 + + 4.80 - A-158
A-114 + + 4.82 — A-159
A-115 A-160 + + 4.84 -
A-116 A-161
A-117 A-162 + + 461 —
A-118 + + 4.80 + A-163
A-119 + + 4.83 — A-164
A-120 A-165
A-121 + + 4716 - A-166
A-122 + 5.05 - A-167
A-123 A-168
A-124 A-169
A-125 + 5.08 - A-170
A-126 + 472 — A-171 + + 491 —
A-127 + 4716 — A-172
A-128 + 475 - A-173
A-129 + 5.08 — A-174
A-130 + + 477 - A-175
A-131 A-176
A-132 A-177
A-133 A-178
A-134 + + 4.80 - A-179
A-135 + + 4.82 — A-180
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. |Skim Milk coagulation Vitamin K; . |Skim Milk coagulation Vitamin K;
Strain 18hr 24hr pH production Strain 18hr 24hr pH production
A-181 A-226
A-182 A-227 + + 4.87 -
A-183 + + 479 + A-228
A-184 A-229
A-185 + + 4.80 - A-230
A-186 A-231 + + 471 —
A-187 A-232
A-188 A-233
A-189 A-234
A-190 + + 495 - A-235 + + 498 -
A-191 A-236 + + 4.63 *
A-192 A-237
A-193 A-238
A-194 A-239
A-195 A-240
A-196 A-241
A-197 A-242
A-198 A-243
A-199 + 4716 — A-244 + 4.80 -
A-200 A-245 5.01 -
A-201 A-246
A-202 A-247 + 5.09 -
A-203 A-248
A-204 + + 498 — A-249
A-205 A-250
A-206 A-251
A-207 + + 493 — A-252
A-208 A-253
A-209 A-254
A-210 A-255 + + 4.84 -
A-211 A-256
A-212 A-257 + + 4.88 -
A-213 + + 472 — A-258
A-214 + + 4.82 — A-259
A-215 A-260 5.03 +
A-216 A-261 476 -
A-217 + + 4.99 — A-262 4.95 -
A-218 A-263
A-219 A-264 + 4.83 -
A-220 A-265
A-221 A-266
A-222
A-223
A-924 + + 497 -

A-225 + 5.06 -
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Table 13. Skim milk coagulation and Vitamin K. production of strain isolated from the

raw milk of middle Kyungki province(additional experiment)

Strain Skim Milk coagulation oH Vitamin K; Strain Skim Milk coagulation o Vitamin K;
18hr 24hr production 18hr 24hr production

1 + + 564 + 46 + + 522 +
2 + + 528 + 47 + + 5.26 +
3 48 + + 4,88 -
4 49 + + 519

5 + + 513 - 50 + + 493

6 + + 515 - 51 + + 556 -
7 52

3 + + 518 - 53 + + 4,63 -
9 + + 517 - 54 + + 506 -
10 55

11 56 + + 506 -
12 + + 525 - 57 + + 523 -
13 58 + + 473 -
14 + + 531 - 59 + + 4.8 -
15 + + 497 - 60 + + 494 -
16 + + 514 + 61 + + 4.7 +
17 + + 4716 - 62 + + 4,66 -
18 63 + + 5.1 -
19 + + 4716 - 64 + + 4,66 -
20 + + 5.29 - 65 + + 477

21 66

22 + + 522 + 67

23 + + 4.85 - 68 + + 5.28 -
24 + + 4.8 - 69

25 + + 522 + 70 + + 5.26 -
26 71

27 72 + + 4,69 -
28 + + 5.29 + 73 + + 4,64 +
29 74 + + 4,88 -
30 + + 535 - 75 + + 489 -
31 + + 535 - 76 + + 527 -
32 + + 4.88 + i

33 + + 4.84 - 78

34 + + 479 - 79

35 + + 4.79 - 30

36 + + 4.84 - 31

37 + + 478 - 82

38 33 + + 4,65 -
39 84 + + 52 -
40 85 + + 4,62 -
41 + + 474 - 36

42 37

43 38

44 + + 523 - 89 + + 476 -
45 90 + + 532 -

_55_



. |Skim Milk coagulation Vitamin K; . |Skim Milk coagulation Vitamin K;
Strain 18hr 24hr pH production Strain 18hr 24hr pH production
91 + + 5.36 - 136
92 137 479 -
93 138 4.85 -
94 139
9B + + 4.82 - 140 + + 4.83 -
96 141
97 142
93 143 4,92 -
99 144 479 -
100 + + 5.63 - 145 49 -
101 + + 518 - 146
102 + + 471 - 147
103 148
104 + + 4.89 - 149
105 + + 4.84 - 150
106 + + 493 - 151 5.28 -
107 + + 501 - 152 49 -
108 153
109 + + 524 - 154 5.25 -
110 + + 525 + 155 5.29 -
111 156
112 512 - 157
113 4.83 - 158 + + 4.84 -
114 491 - 159
115 160
116 161
117 + + 4.96 + 162 + + 5.23 -
118 163
119 164 4.81 -
120 165 512 -
121 166
122 501 - 167
123 4.68 - 168 5.13 -
124 169 53 -
125 170 5.26 -
126 5.09 - 171
127 512 - 172
128 528 - 173 + + 4,93 -
129 174
130 + + 52 - 175
131 176 + + 5.26 -
132 177
133 4.87 - 178 + + 506 -
134 475 - 179
135 180 + + 491 -
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. |Skim Milk coagulation Vitamin K; . |Skim Milk coagulation Vitamin K;
Strain 18hr 24hr pH production Strain 18hr 24hr pH production

181 + + 5.26 - 226 + + 528 -
182 2277

183 + + 5.05 - 228

184 229 + + 497 -
185 + + 491 - 230 + + 497 -
186 + + 497 - 231 + + 504 -
187 + + 528 - 232 + + 501 -
188 + + 522 - 233 + + 498 -
189 + + 527 - 234 + + 461 -
190 235 + + 5.2 -
191 + + 4.81 - 236 + + 523 -
192 + + 4.8 - 237 + + 4.87 -
193 238 + + 522 -
194 239 + + 524 -
195 240 + + 522 -
196 241 + + 4.86 -
197 242 + + 4.89 -
198 243 + + 5.2 -
199 + + 522 + 244 + + 5.2 -
200 + + 5.05 - 245 + + 541 -
201 + + 475 - 246

202 + + 474 - 247

203 248

204 + + 511 - 249

205 + + 5.09 - 250

206 5.09 - 201 5.36 -
207 202 5.36 -
208 203

209 + + 5.26 + 204 517 -
210 205 516 -
211 206

212 207 513 -
213 + + 524 - 208 519 -
214 + + 523 + 2209

215 + + 523 - 260 535 -
216 + + 5.08 - 261 5.33 -
217 + + 4.81 - 262

218 + + 596 + 263 + + 518 -
219 + + 592 - 264

220 + + 54 - 265 521 -
221 266 5.2 -
222 + + 542 - 267 522 -
223 + + 5.39 - 268

224 + + 528 - 269

225 + + 4.64 - 270 + + 5.36 -

_57_




Strain Skim Milk coagulation oH Vitamin K Strain Skim Milk coagulation oH Vitamin K3
18hr 24hr production 18hr 24hr production
271 316
272 + + 4.7 + 317 + + 5.08 -
273 + + 521 - 318 + + 5.06 +
274 + + 522 - 319 + + 5.36 -
275 + + 512 - 320
276 321 + + 491 -
277 322 + + 491 -
278 323 + + 491 -
279 + + 5.38 - 324 + + 514 -
280 325 + + 517 -
281 326 + + 516 -
282 + + 497 - 327
283 328 + + 531 -
284 329 + + 5.36 -
285 330 + + 523 -
286 331 + + 543 +
287 332 + + 552 -
288 333 + + 507 -
289 523 - 334 + + 543 -
290 518 - 335
291 336
292 + + 511 - 337
293 338
294 339 473 -
295 340 507 -
296 341 4.86 -
297 342
298 343
299 344 522 -
300 504 - 345 522 -
301 474 + 346 5.29 -
302 501 - 347
303 348
304 349 518 -
305 350 517 -
306 351
307 + + 522 - 352
308 + + 522 - 353
309 + + 544 - 354
310 + + 544 - 305
311 + + 4.82 - 356
312 + + 515 - 307
313 + + 523 - 358
314 + + 5.38 - 309
315 360 + + 4.87 -
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Strain Skim Milk coagulation oH Vitamin K; Strain Skim Milk coagulation oH Vitamin K;
18hr 24hr production 18hr 24hr production
361 406 + + 472 -
362 407 + + 471 -
363 + + 524 + 408
364 409
365 410
366 + + 5.36 - 411
367 412
368 413
369 414
370 + + 528 - 415
371 + + 523 - 416
372 + + 528 - 417
373 + + 528 - 418
374 + + 524 - 419
375 + + 525 - 420
376 421
377 + + 495 - 422
378 + + 4.69 - 423
379 + + 4.68 - 424
380 + + 4.87 - 425
381 + + 4.86 - 426
382 + + 4.87 - 4277
383 + + 5.29 - 428
384 + + 4.83 - 429
385 430
386 431
387 432
388 433
389 434
390 435
391 436
392 437
393 438
394 439
395 440
396 441
397 442 4.63 -
398 443 4.68 -
399 444
400 445 + + 454 -
401 + + 4716 - 446
402 447
403 448
404 449
405 450
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Strain Skim Milk coagulation oH Vitamin K; Strain Skim Milk coagulation oH Vitamin K;
18hr 24hr production 18hr 24hr production
451 + + 512 - 496 + + 5.09 -
452 + + 479 - 497 + + 511 -
453 498 + + 5.06 +
454 499 + + 514 -
455 500
456 501
457 + + 472 - 502
458 503
459 + + 492 - 504
460 505
461 506
462 507 + + 478 -
463 508
464 + + 4.64 - 509 + + 4.82 -
465 510 + + 471 -
466 + + 472 - 511
467 512
468 513
469 514 + + 5.07 -
470 515 + + 473 -
471 516
472 517
473 518
474 + + 5.13 - 519 + + 476 -
475 + + 5.15 - 520 + + 474 -
476 521
477 + + 484 - 522
478 523
479 524
480 525
481 526 + + 4.88 -
482 527
483 528
484 + + 512 - 529
485 530
486 531
487 532
488 533
489 + + 5.04 - h34 + + 472 -
490 + + 512 - 535
491 + + 5.08 - 536 + + 472 -
492 + + 461 - 537 + + 471 -
493 + + 5 - 538 + + 5 -
494 + + 458 - 539
495 + + 5.04 - 540
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Strain Skim Milk coagulation oH Vitamin K; Strain Skim Milk coagulation oH Vitamin K;
18hr 24hr production 18hr 24hr production
541 + + 497 - 586
542 + 494 - 587
543 + 501 - 588 + + 457 -
544 589
545 590
546 591
547 592
548 593
549 594 + + 474 -
550 595
551 596
552 + + 4.85 - 597
553 598
o4 599
555 + + 513 - 600
556 601
557 602
558 603 + + 49 -
559 604
560 605
561 606
562 607
563 608
564 4.86 - 609
H565 4.84 - 610 + + 4716 -
566 4.84 - 611 + + 475 -
567 612 + + 4716 -
568 613 + + 4716 -
569 614
570 615 + + 4.81 -
571 616 + + 4.8 -
572 617 479 -
573 618
574 + + 472 - 619
575 620
576 4.69 - 621
577 4.56 - 622
578 4.68 - 623 + + 4.66 -
579 624
580 625
581 457 + 626
582 473 - 627
583 628
584 629
585 630 + + 4.83 -
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Strain Skim Milk coagulation oH Vitamin K; Strain Skim Milk coagulation oH Vitamin K;
18hr 24hr production 18hr 24hr production

631 + + 5.08 - 676

632 + + 4.85 - 677

633 + + 4.86 - 678

634 + + 492 - 679

635 680

636 631 + + 4.85

637 682

638 683

639 4.83 - 6834

640 519 + 685 479 -
641 636 4.79 -
642 687 521 +
643 688

644 + + 5.09 - 689

645 690

646 + + 513 - 691

647 692 + + 4.67 -
648 693

649 694 + + 523 -
650 695

651 + + 477 - 696

652 + + 5.26 + 697

653 698 + + 477 -
654 + + 461 - 699

650 + + 5.06 - 700 + + 5.01 -
656 + + 4716 - 701

657 + + 477 - 702

658 703

659 + + 478 - 704

660 + + 4.8 - 705

661 706

662 707

663 708

664 709

665 710

666 711

667 + + 475 712 472 -
668 713 516 -
669 + + 521 714

670 715

671 + + 4716 716 4.84 -
672 717 4.85 -
673 718

674 719 + + 491 -
675 720
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Strain Skim Milk coagulation oH Vitamin K; Strain Skim Milk coagulation oH Vitamin K;
18hr 24hr production 18hr 24hr production
721 766
722 4.87 - 767
723 49 - 768
724 769
725 4.88 - 770
726 491 - 771
727 772 + + 4.81 -
728 773
729 4.85 - 774
730 4.84 - 775
731 776
732 i
733 778
734 779
735 780
736 781
737 782 + + 4.7 -
738 783
739 4.63 - 784 + + 4.88 -
740 4.65 - 785
741 786
742 787
743 478 - 788
744 478 - 789
745 790
746 791
747 792
748 + + 4.84 - 793
749 794
750 795
751 796
792 797
753 798
754 799
755 300
756
757
758
759 + + 513 -
760
761
762 + + 494 -
763
764
765
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Table 14. Skim milk coagulation and Vitamin K. production of strain isolated from the

raw milk of southern Kyungki province

. |Skim Milk coagulation Vitamin K: . |Skim Milk coagulation Vitamin K

Strain 18hr 24hr pH production Strain 18hr 24hr pH production
B-1 B-46

B-2 491 — B-47

B-3 472 * B-48

B-4 499 — B-49

B-5 B-50

B-6 B-51

B-7 B-52

B-8 + + 475 — B-53

B-9 B-54

B-10 B-55

B-11 + + 484 — B-56

B-12 B-57

B-13 + + 4.96 — B-58 + + 475
B-14 B-59 + + 474
B-15 4.86 + B-60 + + 473
B-16 4.80 — B-61

B-17 B-62 + + 4.85
B-18 + + 482 * B-63 + + 4.68
B-19 B-64 + + 474
B-20 B-65 + + 472
B-21 B-66 + + 471
B-22 B-67 + + 4.81
B-23 B-68

B-24 + + 4.69 + B-69 + + 482
B-25 + + 471 * B-70 + + 484 *
B-26 + + 463 — B-71 + + 493
B-27 B-72 + + 448
B-28 B-73

B-29 B-74

B-30 + + 4.68 + B-75 + + 4.83
B-31 B-76

B-32 B-77

B-33 B-78

B-34 B-79 + + 494
B-35 B-80

B-36 B-81

B-37 + + 470 * B-82

B-38 B-83

B-39 B-84

B-40 B-8&

B-41 B-86

B-42 + + 444 — B-87

B-43 B-83

B-44 + + 4.86 — B-89 + 5.08
B-45 + + 481 — B-90 + 504
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Skim Milk coagulation

Skim Milk coagulation

. Vitamin K; . Vitamin K
Strain pH ] Strain pH ]
18hr 24hr production 18hr 24hr production

B-91 B-136

B-92 + 465 * B-137

B-93 + 476 - B-138

B-94 + 4.70 * B-139

B-9 + 5.08 - B-140

B-96 + 5.00 - B-141

B-97 + + 4.65 - B-142

B-98 B-143

B-99 B-144 + + 4.96 t
B-100 + + 4.66 - B-145

B-101 B-146

B-102 + + 4.93 - B-147 + + 4.9 -
B-103 B-148

B-104 B-149

B-105 + + 4.69 - B-212 + + 479 +
B-106 + + 472 - B-151

B-107 B-152 + + 4.83 -
B-108 B-153 + + 4.90 -
B-109 B-154

B-110 + + 4.87 - B-155

B-111 + + 4.86 t B-156

B-112 + + 461 - B-157 + + 474 -
B-113 + + 461 - B-158

B-114 B-159

B-115 + + 4.80 - B-160

B-116 B-161 + + 479 -
B-117 B-162

B-118 B-163 + 2.09 -
B-119 B-164

B-120 B-165 + + 4.68 -
B-121 B-166 + + 4775 -
B-122 B-167

B-123 B-168 + + 4.76 -
B-124 B-169 + + 478 +
B-125 B-170

B-126 B-171 + + 474 -
B-127 B-172

B-128 B-173 + + 4.9 -
B-129 B-174 + + 4.87 -
B-130 + 4.96 t B-175

B-131 B-176 + + 4.83 t
B-132 + 4.95 - B-177

B-133 B-178

B-134 B-179

B-135 B-180

_65_




Skim Milk coagulation

Skim Milk coagulation

. Vitamin K . Vitamin Ko
Strain pH ] Strain pH ]
18hr 24hr production 18hr 24hr production

B-181 + + 4779 - B-226 + + 4.69 t
B-182 + + 4.88 - B-227 + + 4.66 -
B-183 + + 481 - B-228 + 5.00 -
B-184 + + 4.49 1 B-229 + + 4.68 -
B-185 + + 4.84 t B-37 + + 479 +
B-186 B-231

B-187 B-232

B-188 B-233 + + 474 -
B-189 + + 4.82 - B-234

B-190 B-235

B-191 + + 4.86 - B-236

B-192 B-237

B-193 B-238

B-194 481 - B-239

B-19 4.80 - B-240

B-196 B-241 + + 4.80 t
B-197 B-242 + + 4.70 -
B-198 + + 476 - B-243

B-199 B-244 + + 4.69 -
B-200 B-245

B-201 + + 4.93 - B-246 + + 4.76 -
B-202 B-247

B-203 + + 4.68 - B-248

B-204 + + 4.64 - B-249 + + 4.81 -
B-205 + + 481 - B-250

B-206 + + 475 - B-251

B-207 + + 4.69 - B-252

B-208 + + 472 - B-253

B-209 + + 472 - B-254

B-210 B-255

B-211 B-256

B-212 B-257 + + 4.83 -
B-213 B-258 + + 470 -
B-214 + + 4.66 - B-259

B-215 B-260

B-216 + + 4.73 - B-261 477 -
B-217 B-262 4.82 +
B-218 + 5.03 - B-263

B-219 + + 4.78 - B-264 + + 473 -
B-220 + + 4.80 - B-265 + + 4.68 +
B-221 + + 4.83 - B-266

B-222 + + 4.83 - B-267

B-223 B-268

B-224 B-269

B-225 + + 4.90 - B-270
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Skim Milk coagulation

Skim Milk coagulation

. Vitamin K; . Vitamin Kz
Strain pH i Strain pH )
18hr 24hr production 18hr 24hr production

B-271

B-272 4.62 +

B-273 + + 471 —

B-274

B-275

B-276

B-277 + + 473 —
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Table 15. Skim milk coagulation and Vitamin K. production of strain isolated from the

raw milk of western Kyungki province

Skim Milk coagulation Vitamin K; Skim Milk coagulation Vitamin K;
Strain pH . Strain pH .
18hr 24hr production 18hr 24hr production

C-1 + + 472 — C-46

C-2 C-47

C-3 + + 4.83 + C—48 + + 482 —
CH4 C-49

C-5 477 — C-50

C-6 470 — C-51

C-7 471 — C-52

C-8 C-53

C-9 C-54 + + 476 —
C-10 457 — C-55 + + 478 —
C-11 473 — C-56

C-12 C-57

C-13 + + 4716 — C-58 + + 4.67 *
C-14 C-59

C-15 C-60 + 5.05 —
C-16 C-61

C-17 C-62 + + 492 —
C-18 C-63

C-19 C-64 + + 4.95 —
C-20 C-65 + + 478 *
C-21 C-66 + + 497 —
C-22 C-67

C-23 C-68 + 5.06 —
C-24 C-69

C-25 4716 — C-70 + + 472 —
C-26 4.83 — C-71 + 5.06 —
C-27 C-72

C-28 + + 4.64 — C-73 + 5.02 —
C-29 C-74 + + 473 —
C-30 C-75

C-31 C-76

C-32 492 — C-77 + + 4.67 —
C-33 481 + C-78

C-34 C-79 + + 4.37 —
C-35 C-80 + + 4.66 —
C-36 C-81 + + 4.59 —
C-37 C-82 + + 464 —
C-38 C-833

C-39 C-&4

C-40 C-&5

C-41 5.00 — C-86

C-42 4.82 — C-87

C-43 C-38

C-44 C-89 + + 5.01 —
C-45 + + 5.00 — C-90

_68_




Skim Milk coagulation

Skim Milk coagulation

. Vitamin K; . Vitamin K:
Strain pH ) Strain pH i
18hr 24hr production 18hr 24hr production

C-1 + + 472 — C-46

C-2 C-47

C-3 + + 4.83 + C-48 + + 4.82 —

C-4 C-49

C-5 + + 477 — C-50

C-6 + + 4.70 — C-5b1

C-7 + + 471 — C-52

C-8 C-53

C-9 C-54 476 —
C-10 + + 457 — C-55 478 —
C-11 + + 473 — C-56
C-12 C-57
C-13 + + 476 — C-58 + + 4.67 *
C-14 C-59
C-15 C-60 + 5.05 —
C-16 C-61
C-17 C-62 + + 492 —
C-18 C-63
C-19 C-64 4.95 —
C-20 C-65 478 +
C-21 C-66 497 —
C-22 C-67
C-23 C-68 + 5.06 —
C-24 C-69
C-25 476 — C-70 + 472 —
C-26 4.83 — C-71 5.06 —
C-27 C-72
C-28 + + 4.64 — C-73 + 502 —
C-29 C-74 + + 473 —
C-30 C-75
C-31 C-76
C-32 + + 492 — C-77 + + 4.67 —
C-33 + + 4.81 + C-178
C-34 C-79 + + 4.37 —
C-35 C-80 + + 4.66 —
C-36 C-81 + + 4.59 —
C-37 C-82 + + 4.64 —
C-38 C-83
C-39 C-84
C-40 C-8
C-41 + + 5.00 — C-86
C-42 + + 4.82 — C-87
C-43 C-88
C-44 C-&9 + + 5.01 —
C-45 + + 5.00 — C-90
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Skim Milk coagulation

Skim Milk coagulation

. Vitamin Ko . Vitamin Ko
Strain pH ] Strain pH ]
18hr 24hr production 18hr 24hr production

C-91 C-136

C-92 + 5.09 + C-137

C-93 C-138 0.07 +
C-9%4 + 5.04 - C-139 + 473 -
C-9 C-140 + 467 t
C-96 + + 5.00 - C-141

C-97 C-142

C-98 C-143

C-99 C-144

C-100 C-145

C-101 + + 4.82 + C-146

C-102 + 5.19 + C-147 + 0.05 -
C-103 C-148

C-104 C-149

C-105 C-150

C-106 + + 476 - C-151

C-107 C-152 + + 472 -
C-108 C-153

C-109 + + 475 - C-154

C-110 C-155 + 472 *
C-11 + + 4.88 - C-156 + 494 -
C-112 + + 4.73 - C-157 + 2.06 -
C-113 4.92 - C-158 + + 489 -
C-114 C-159

C-115 C-160 + + 468 -
C-116 C-161

C-117 C-162 + + 498 -
C-118 C-163 + + 499 -
C-119 + + 476 t C-164

C-120 C-165 + + 496 -
C-121 + + 4.93 - C-166

C-122 C-167 + + 478 -
C-123 C-168 + + 464 -
C-124 C-169 496 -
C-125 + + 4.98 - C-170

C-126 + + 4.96 - C-171 480 -
C-127 + + 4.70 - C-172 476 -
C-128 + + 475 - C-173

C-129 + + 475 - C-174

C-130 + + 4.80 - C-175 + + 4775 -
C-131 C-176 + + 488 -
C-132 C-177 + + 469 t
C-133 C-178 + 2.08 +
C-134 C-179

C-13 C-180
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Strain

Skim Milk coagulation

18hr

24hr

pH

Vitamin K

production

Strain

Skim Milk coagulation

18hr

24hr

pH

Vitamin K

production

C-181

+

+

498

C-182

C-183

C-184

C-18

C-186

C-187

C-188

C-189

4388

C-190

469

C-191

C-192

C-193

C-19%4

C-1%

0.02

H+

C-19%

0.01

C-197

C-198

C-19

0.04

C-200

0.01

C-201

472

H+
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Table 16. Skim milk coagulation and Vitamin K. production of strain isolated from the

raw milk of Kyungsang province

Skim Milk coagulation Vitamin K Skim Milk coagulation Vitamin K;
Strain pH i Strain pH )
18hr 24hr production 18hr 24hr production

D-1 + + 4.86 — D-46

D-2 + + 498 — D-47

D-3 + + 4.96 — D-48 4.84 —
D-4 D-49 4.86 —
D-5 D-50

D-6 + + 479 — D-51

D-7 + + 4.65 — D-52 4.80 x
D-8 + + 4.64 — D-53 4.66 —
D-9 + + 4.89 x D-54

D-10 + + 4.95 x D-55

D-11 D-56

D-12 + + 477 — D-57 + + 4.59 —
D-13 4.86 — D-58

D-14 D-59

D-15 + + 478 — D-60 + + 4.67 —
D-16 D-61 + 515 x
D-17 + + 4.80 — D-62 + 514 x
D-18 D-63

D-19 + + 4.82 — D-64 + 4.82 —
D-20 D-65 + 4.66 —
D-21 504 + D-66 + 4.83 —
D-22 4.89 x D-67 + 4.64 —
D-23 4.64 + D-68

D-24 D-69

D-25 473 — D-70

D-26 + 4.62 — D-71

D-27 D-72 + + 474 —
D-28 + 498 — D-73

D-29 + 455 — D-74 + + 4.62 —
D-30 + 5.05 — D-75

D-31 + 471 — D-76

D-32 D-77

D-33 + 472 x D-78

D-34 + 4.81 — D-79

D-35 + 470 — D-80

D-36 D-81

D-37 + + 479 + D-82

D-38 D-83 + + 4.66 x
D-39 D-84

D-40 + 4.82 x D-85

D-41 D-86

D-42 + + 492 — D-87

D-43 D-88

D-44 4.90 — D-89

D-45 4.60 — D-90




Skim Milk coagulation

Skim Milk coagulation

. Vitamin Ko . Vitamin Ko
Strain pH ) Strain pH i
18hr 24hr production 18hr 24hr production
D-91 D-136
D-92 D-137
D-93 D-138 462 -
D-94 D-139 467 -
D-95 + 5.06 - D-140 450 -
D-96 + + 4.84 - D-141
D-97 + + 4.88 - D-142
D-98 + + 4.69 + D-143
D-99 + + 5.09 - D-144
D-100 + + 4.73 - D-145 + 451 -
D-101 D-146 + 498 -
D-102 D-147 + 465 -
D-103 + + 4.82 - D-148 + + 468 -
D-104 D-149 + 467 -
D-105 D-150 + + 468 -
D-106 D-151 + 5.16 -
D-107 D-152 + + 465 -
D-108 D-153
D-109 D-154
D-110 + 4.60 - D-155
D-111 + 5.01 - D-156 + + 463 -
D-112 + 4.69 - D-157 + 519 -
D-113 + 4.60 - D-158
D-114 D-159
D-115 D-160
D-116 D-161 + + 461 1
D-117 D-162
D-118 D-163
D-119 D-164 + + 455 -
D-120 + + 462 - D-165
D-121 + 4.89 - D-166
D-122 + + 4.93 - D-167
D-123 + 0.02 - D-168 + + 473 -
D-124 D-169
D-125 D-170
D-126 D-171
D-127 D-172
D-128 + 4.56 - D-173
D-129 + + 461 1 D-174 + + 466 -
D-130 D-175 + + 453 -
D-131 D-176 + + 460 -
D-132 D-177 + + 444 -
D-133 + 5.18 - D-178
D-134 D-179 + + 482 -
D-135 D-180 + + 465 t
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Skim Milk coagulation

Skim Milk coagulation

. Vitamin Kz . Vitamin K:
Strain pH ) Strain pH i
18hr 24hr production 18hr 24hr production
D-181 + + 457 - D-226
D-182 + 477 - D-227
D-183 + + 458 — D-228
D-184 D-229
D-185 D-230 + 5.07 —
D-186 D-231
D-187 D-232
D-1838 D-233
D-189 + + 474 — D-234
D-190 + + 4.47 +
D-191 + + 453 —
D-192 + + 4.50 —
D-193
D-194 + + 474 —
D-19 + + 4.66 —
D-196
D-197
D-198
D-199
D-200
D-201 + + 4.84 —
D-202 + + 4.87 —
D-203 + + 4.80 —
D-204 + + 4.69 —
D-205
D-206 + 5.08 *
D-207 + 501 —
D-208 4.99 —
D-209
D-210
D-211
D-212 + + 479 +
D-213
D-214
D-215 + + 4.65 +
D-216 + + 475 —
D-217 + 5.06 —
D-218 + 501 —
D-219 + 5.03 —
D-220
D-221
D-222
D-223
D-224 + 4.96 _
D-225
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Table 17. Skim milk coagulation and Vitamin K. production of strain isolated from the

raw milk of Junla province

Skim Milk coagulation Vitamin K Skim Milk coagulation Vitamin K;
Strain pH . Strain pH .
18hr 24hr production 18hr 24hr production

E-1 + + 4.63 — E-46 + 4.86 —
E-2 E-47 + 5.02 —
E-3 + + 4.96 — E-48 + 4.65 —
E-4 + 511 — E-49 + 479 —
E-5 E-50

E-6 E-51 + + 4.85 —
E-7 + 5.00 — E-52 + 471 —
E-§ E-53

E-9 + 4.99 — E-54 + + 4.88 —
E-10 + + 4.68 — E-55

E-11 + 5.29 — E-56 + 474 —
E-12 + 4.86 — E-57 + + 4.54 —
E-13 + 4.48 — E-58

E-14 + 4.48 — E-59

E-15 E-60

E-16 + + 4.66 — E-61 + + 4.53 x
E-17 521 — E-62

E-18 E-63

E-19 E-64

E-20 E-65

E-21 E-66 + + 4.53 —
E-22 + + 492 + E-67 + + 4.53 —
E-23 E-68

E-24 + 512 — E-69 + + 4.56 x
E-25 + 507 — E-70

E-26 + 492 — E-71

E-27 + 5.06 — E-72

E-28 + 528 — E-73 + 4.69 —
E-29 + + 4.62 — E-74

E-30 E-75

E-31 + 515 — E-76

E-32 + + 4.99 — E-77

E-33 E-78

E-34 + + 492 — E-79 + + 4.56 —
E-35 + + 4.67 — E-80 + + 4.52 —
E-36 E-81 + + 4.52 —
E-37 E-82

E-38 E-83

E-39 + + 477 — E-84 + + 4.46 —
E-40 E-85 + 5.30 -
E-41 E-86 + 478 —
E-42 E-87 + 4.65 —
E-43 + + 479 — E-88

E-44 + + 473 — E-89 + + 492 —
E-45 + + 4.46 — E-90 + + 4.88 —
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Skim Milk coagulation

Skim Milk coagulation

. Vitamin Ko . Vitamin Ko
Strain pH ] Strain pH ]
18hr 24hr production 18hr 24hr production
E-91 E-136 + + 439 -
E-92 E-137
E-93 + + 4.97 - E-138
E-94 E-139 + 465 -
E-9 E-140
E-9 E-141 + + 449 -
E-97 E-142 + 473 -
E-98 + + 4.95 - E-143
E-99 + + 0.02 - E-144
E-100 E-145 + + 492 -
E-101 + + 4.93 - E-146 + 0.38 -
E-102 + + 475 - E-147
E-103 E-148
E-104 + + 5.03 - E-149 441 -
E-105 + + 5.04 - E-150 438 -
E-106 + + 0.02 - E-151
E-107 + + 4.73 - E-1562
E-108 E-153 + + 497 -
E-109 + + 4.80 - E-154 + + 49 -
E-110 + + 4.97 - E-1565 + + 442 -
E-111 E-156 + + 442 -
E-112 + + 5.03 - E-157 + + 4.46 t
E-113 E-158
E-114 + + 4.43 - E-159 + + 5.02 -
E-115 E-160
E-116 + 475 + E-161
E-117 E-162
E-118 E-163
E-119 + + 472 - E-164 + 466 -
E-120 + 4.73 - E-165
E-121 E-166
E-122 E-167 + + 493 -
E-123 E-168 + 0.22 -
E-124 + + 4.83 - E-169
E-125 + + 4.78 - E-170 + + 467 -
E-126 E-171 + + 490 -
E-127 E-172
E-128 + + 4.42 - E-173
E-129 E-174 + 5.39 -
E-130 + + 4.50 - E-175 + + 471 -
E-131 + + 4.39 t E-176
E-132 + + 4.40 - E-177 + 459 -
E-133 + + 4.39 t E-178
E-134 + + 4.42 - E-179
E-135 + + 4.39 - E-180 + 514 -
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Skim Milk coagulation

Skim Milk coagulation

. Vitamin Ko . Vitamin K

Strain pH ] Strain pH ]
18hr 24hr production 18hr 24hr production

E-181 E-226
E-182 E-227
E-183 E-228
E-184 E-229 + 5.00 +
E-185 E-230
E-186 + + 4.46 - E-231
E-187 + + 441 - E-232 + + 4.64 -
E-188 E-233 + + 5.01 -
E-189 + 4.89 t E-234 + + 5.11 -
E-190 E-235 + + 0.03 -
E-191 + + 4.95 - E-236 + + 4.58 -
E-192 + + 4.66 - E-237 + + 475 -
E-193 + + 4.89 - E-238 + + 4.46 -
E-194 E-239
E-19 E-240
E-196 E-241
E-197 + 4.88 - E-242
E-198 + + 5.05 - E-243
E-199 E-244 + 5.04 -
E-200 + + 451 * E-245
E-201 E-246
E-202 + + 451 - E-247 + + 451 -
E-203 E-248 + + 4.54 1
E-204 + + 4.48 - E-249
E-205 + + 4.45 - E-250
E-206 E-251
E-207 E-252
E-208 E-253
E-209 E-254
E-210 E-25% + 0.07 -
E-211 E-256
E-212 + 4.99 - E-257
E-213 E-258
E-214 + + 4.46 - E-259 + 2.0 +
E-215 + + 4.46 - E-260
E-216 + + 4.39 - E-261
E-217 + + 4.39 1 E-262 + 5.19 -
E-218 + + 4.39 - E-263 + + 5.20 -
E-219 E-264
E-220 E-265
E-221 E-266
E-222 E-267
E-223
E-224
E-225 + + 4.54 +
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Table 18. Skim milk coagulation and Vitamin K. production of strain isolated from the

raw milk of Jeju province

Skim Milk coagulation Vitamin Ko Skim Milk coagulation Vitamin Ko
Strain pH _ 7| Strain pH o
18hr 24hr production 18hr 24hr production
F-1 F-46 + + 4.64 —
F-2 F-47
F-3 + 5.03 - F-48
F-4 + + 4.83 - F-49
F-5 F-50 + + 478 —
F-6 F-51 + + 4.88 —
F-7 F-52
F-8 + 4.65 - F-53
F-9 + + 4.50 + F-54 + + 4.95 -
F-10 + 5.04 - F-55 + + 491 —
F-11 F-56 + + 5.61 —
F-12 + + 453 + F-57
F-13 F-58 + + 4.69 —
F-14 + + 4.62 x F-59 + + 4.56 -
F-15 + 5.06 - F-60
F-16 + 4.66 - F-61 + 5.08 -
F-17 + 4.67 - F-62
F-18 F-63 + + 4.70 x
F-19 F-64
F-20 + + 4.46 + F-65 + + 4.88 -
F-21 + + 453 - F-66 + + 4.96 -
F-22 + + 453 - F-67 + + 4.93 -
F-23 + + 453 - F-68 + + 4.96 x
F-24 + 4.70 - F-69
F-25 F-70
F-26 F-71 + 4.96 -
F-27 F-72 + 5.14 _
F-28 + 503 - F-73
F-29 F-74 + + 466 _
F-30 F-75 + + 4.50 -
F-31 + 511 x F-76 + + 4.69 -
F-32 + + 4.80 - F-77
F-33 + 4.86 - F-78 + 4.54 —
F-34 + 493 - F-79 + + 471 -
F-35 + 475 + F-80
F-36 F-81 + + 4.60 _
F-37 + + 4.88 - F-82
F-38 + + 4.69 - F-83 + 5.30 -
F-39 + 5.06 - F-84 + + 4.82 —
F-40 F-85
F-41 F-86 + + 4.82 —
F-42 + 4.88 - F-87 + + 4.73 —
F-43 + + 4.87 - F-88
F-44 F-89
F-45 + + 476 x F-90
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Strain

Skim Milk coagulation

18hr

24hr

pH

Vitamin K

production

Strain

Skim Milk coagulation

18hr

24hr

pH

Vitamin K

production

F-91

+

454

F-92

458

F-93

F-94

496

F-95

0.01

H+

F-96

F-97

0.07

F-98

F-99

4.94

F-100

F-101

F-102

490

F-103

496

F-104

F-105

F-106

474

F-107

0.12

F-108

F-109

4.94

H+

F-110

F-111

F-112

4388

F-113

F-114

F-115

F-116

F-117

467

H+

F-118

F-119

F-120

F-121

F-122

45

F-123

F-124

F-125

F-126

F-127

F-128

457

_79_




Table 19. Skim milk coagulation and Vitamin K production of strain isolated from infant

manure

Skim Milk coagulation Vitamin Ko Skim Milk coagulation Vitamin Ko

Strain pH _ 7| Strain pH o
18hr 24hr production 18hr 24hr production

G-1 + + 479 — G-46
G-2 - G-47
G-3 4.80 - G-48
G4 4.96 — G-49 4.70 -
G-5 4.88 - G-50 4.81 —
G-6 G-51
G=7 G-52 + + 473 —
G-8 + + 494 x G-53
G-9 G-54 + + 4.93 —
G-10 G-55
G-11 4.89 — G-56 + + 4.75 -
G-12 4.67 - G-57
G-13 G-58 474 —
G-14 G-59 474 e
G-15 + + 494 - G-60
G-16 + 4.96 — G-61 + + 4.80 —
G-17 G-62
G-18 G-63
G-19 G-64
G-20 4.86 - G-65 4.96 —
G-21 4.87 x G-66 472 —
G-22 G-67
G-23 + + 471 - G-68
G-24 G-69
G-25 G-70 4.62 —
G-26 493 — G-71 474 —
G-27 4.66 — G-72 519 —
G-28 4.86 - G-73
G-29 G-74
G-30 + + 4.67 - G-75
G-31 G-76
G-32 + 511 — G-77 + 4.70 —
G-33 + + 494 — G-78 + 479 —
G-34 G-79 + 471 +
G-36 G-80 + 4.83 —
G-36 494 — G-81 + 4.61 —
G-37 4.67 —
G-38 4.66 —
G-39
G-40 + 512 —
G-41
G-42 4.82 +
G-43 4.80 —
G-44
G-45
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Table 20. Skim milk coagulation and Vitamin K. production of strain isolated from adult

manure

Skim Milk coagulation Vitamin Ko Skim Milk coagulation Vitamin Ko

Strain pH _ | Strain pH o
18hr 24hr production 18hr 24hr production

H-1 H-46 + + 462 +
H-2 H-47
H-3 H-43 473 -
H-4 504 — H-49 4.70 -
H-5 + 472 — H-50
H-6 H-51
H-7 + + 4.62 * H-52
H-8 H-53 + + 4.78 —
H-9 + + 474 — H-54 + 504 -
H-10 H-55
H-11 + 519 - H-56 + 504 +
H-12 H-57
H-13 470 — H-58 4.69 -
H-14 479 — H-59 4.69 -
H-15 471 — H-60
H-16 H-61 + + 474 _
H-17 H-62
H-18 H-63
H-19 + + 4.83 — H-64
H-20 + + 558 - H-65
H-21 H-66
H-22 H-67 + + 4.68 —
H-23 + + 4.84 — H-68
H-24 + + 4.84 — H-69
H-25 H-70
H-26 + + 4.60 — H-71 + + 4.65 -
H-27 H-72
H-28 + + 4.64 + H-73 + + 4.62 —
H-29 + + 478 * H-74
H-30 H-75
H-31 H-76 459 e
H-32 H-77 4.82 —
H-33 + + 4.46 — H-78
H-34 H-79
H-35 + + 4.95 - H-80 + + 471 —
H-36 + 5.06 - H-81
H-37 H-82
H-38 + + 4.86 - H-83 + 471 —
H-39 + + 4.84 — H-84 + 4.81 —
H-40 H-85 + 4.89 *
H-41 + + 4.60 — H-86 + 514 -
H-42
H-43
H-44 + + 4.49 +
H-45
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Table 21. Vitamin Ko production of bifidobacteria isolated from infant manure by TLC

Strain Vitamin Ky production Strain Vitamin K3 production
I-1 — I-31 —
I-2 — 1-32 —
I-3 - 1-33 —
I-4 — 1-34 —
I-5 + I-35 -
I-6 - 1-36 —
1-7 - 1-37 —
I-8 - 1-38 —
I-9 - 1-39 —
I-10 — 1-40 —
I-11 - I-41 -
I-12 - 1-42 -
I-13 — 1-43 —
I-14 - I-44 -
I-15 — I-45 —
I-16 — 1-46 —
1-17 * 1-47 —
I-18 — 1-48 —
I-19 * 1-49 —
1-20 - I-50 +
I-21 — I-51 —
I-22 — 1-52 —
1-23 — 1-53 —
I-24 — 1-54 —
1-25 — I-56 —
1-26 — I-56 —
1-27 — I-57 —
1-28 — I-58 —
1-29 — 1-59 —
1-30 +
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Table 22. Vitamin Kg production of bifidobacteria isolated from the adult manure by

TLC
Strain Vitamin Ky production Strain Vitamin K2 production

J-1 — J-45 —
J-2 — J-46 —
J-3 — J-47 —
J-4 — J-48 —
J-5 * J-49 —
J-6 — J-50 +
J-7 — J-561 -
J-8 * J-52 —
J-9 — J-53 —
J-10 — J-54 —
J-11 — J-55 —
J-12 — J-56 —
J-13 — J-57 —
J-14 — J-58 —
J-15 — J-59 —
J-16 — J-60 +
J-17 — J-61 —
J-18 — J-62 —
J-19 — J-63 —
J-20 — J-64 —
J-21 — J-65 —
J-22 — J-66 —
J-23 — J-67 —
J-24 * J-68 —
J-25 — J-69 —
J-26 — J-70 —
J-27 — J-7 —
J-28 — J-72 —
J-29 — J-73 *
J-30 — J-74 —
J-31 + J=75 —
J-32 — J-176 —
J-33 — J-77 —
J-34 — J-178 —
J-35 — J-79 —
J-36 — J-80 —
J-37 — J-81 —
J-38 — J-82 —
J-39 — J-83 —
J-40 — J-84 —
J-41 — J-85 +
J-42 — J-86 +
J-43 — J-87 —
J-44 —
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Y. HPLCE ©o]&3 Vitamin K2 A

TLC &Hl& F3lo] vlEyl Ky Aol &dd 1387] wFolA] 54 &4
HEY K, ¥F €95 HPLCZ #2493k chromatogram= Fig. 49} #Zt}. o]u

uVv STD 0.11.DATA

Vit.K2
RT 4533

1503
1003
503

94 uv A-1181.DATA

650F

6003 h

550% VitK2
s00F RT 4533

1503
1003

RT [min]
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Fig. 4. Chromatogram of Vitamin Kb
A. Standard, B. Sample
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Table 24. Vitamin Ko content of selected lactic acid bacteria by HPLC

Strain Vitamin Kz content( .ug/kg.) Strain Vitamin Kz content(lug/kg.)
Rogosa medium | Skim milk Rogosa medium | Skim milk
A-2 3.57 147 C-65 5.71 1.17
A-13 451 115 C-79 29.63 8.98
A-19 3.21 0.86 C-92 3.21 0.69
A-24 2.42 0.64 C-101 481 1.44
A-36 310 0.93 C-102 4.89 147
A-53 6.86 2.06 C-119 6.14 175
A-T7 574 1.82 C-138 5.23 115
A-81 6.20 0.89 C-140 5.03 1.04
A-85 3.25 0.98 C-155 465 153
A-101 3.61 1.04 C-177 450 1.53
A-105 1.99 0.70 C-178 3.24 0.79
A-112 3.43 1.01 C-19 475 1.34
A-118 37.48 11.42 C-201 6.62 1.99
A-138 5.03 131 D-9 4.06 1.22
A-154 12.98 3.79 D-10 5.14 1.45
A-183 2.86 0.68 D-21 5.24 175
A-236 4,55 1.73 D-22 454 1.63
A-260 30.75 9.52 D-23 6.53 1.69
B-3 5.64 1.96 D-33 4.36 1.13
B-15 7.58 2.72 D-37 2.33 0.70
B-18 591 1.00 D-40 111 0.33
B-24 471 1.14 D-52 130 0.53
B-25 518 155 D-61 5.39 1.26
B-30 24.06 7.22 D-62 443 1.33
B-37 543 1.36 D-83 5.34 1.60
B-70 548 1.46 D-98 35.70 10.81
B-92 2.74 0.28 D-129 3.26 0.89
B-94 5.33 1.06 D-161 4.37 1.13
B-111 6.48 1.47 D-180 438 1.31
B-130 315 0.59 D-190 195 0.59
B-144 5.00 1.05 D-206 5.06 152
B-150 4.30 1.92 D-212 34.54 10.63
B-169 5.06 125 D-215 5.06 1.25
B-176 6.08 1.28 E-22 3.34 1.00
B-184 3.14 0.47 E-61 1.69 0.51
B-185 439 123 E-69 4,09 1.32
B-226 3.96 191 E-116 1.84 0.55
B-230 4.36 113 E-131 5.32 1.60
B-241 421 1.62 E-133 460 1.82
B-262 27.66 9.73 E-157 101 0.37
B-265 578 173 E-189 2.19 0.66
B-272 2.21 0.66 E-200 4,06 1.23
C-3 6.65 2.00 E-217 6.60 1.98
C-33 462 193 E-225 1.46 0.44
C-58 459 1.83 E-229 159 0.58
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Vitamin Kz content(pg/kg) Vitamin K3 content(ug/kg)
Strain Strain
Rogosa medium | Skim milk Rogosa medium | Skim milk

E-248 423 1.72 J-5 4,33 1.13
E-259 6.43 1.39 J-8 3.32 1.00
F-9 57.95 27.39 J-24 521 1.46
F-12 2.18 0.56 J-31 118 0.25
F-14 6.56 1.79 J-50 2.59 0.48
F-20 6.18 1.58 J-60 3.22 0.77
F-31 3.88 161 J-73 412 1.42
F-35 4.84 154 J-85 3.28 0.84
F-45 584 157 J-86 1.38 0.21
F-54 478 1.34 1 3.52 1.65
F-57 3.26 0.89 2 3.72 176
F-59 1.46 0.44 16 428 1.87
F-65 445 1.43 22 464 2.02
F-76 3.06 0.29 25 459 1.96
F-80 2.34 0.70 28 3.35 1.68
F-90 5.60 1.86 32 5.30 2.26
F-95 5.49 1.56 46 4,33 2.10
F-109 3.36 1.01 47 3.24 1.17
F-117 2.43 0.37 49 3.57 1.26
F-122 1.47 0.44 50 3.82 1.82
F-128 2.51 0.57 61 7.32 2.98
G-8 2.26 0.86 73 8.65 3.77
G-21 3.31 0.99 110 291 1.22
G-42 1.19 0.36 117 423 1.82
G-59 1.22 0.57 199 3.83 131
G-79 2.16 0.65 209 2.82 0.80
H-7 4.10 1.32 214 3.75 1.33
H-28 261 0.75 218 2.39 0.78
H-29 1.33 0.47 272 184.94 63.93
H-44 2.03 051 301 38.54 27.65
H-46 116 0.53 318 6.38 241
H-56 2.52 0.76 331 3.25 0.86
H-76 3.55 1.07 363 273 0.72
H-85 541 162 498 4.02 1.88
I-5 3.34 1.00 581 36.12 20.25
1-17 453 163 640 3.86 1.80
1-19 2.23 0.67 652 4,28 1.83
1-30 1.30 0.42 637 3.66 1.27
1-50 523 1.37

A7) Table 24% A% #FE Rogosa mediumel &
3lo] Aol cells HAAZS celldt Skim milkel] &
HEHY K& F%3lo] HPLC=E

B4E FnA

T3] wigFsla, A
T3] dojz w42
288 Bt 234070 =

10% %

QErx| ol L keSS 1ol 1042709} bifidobacteriatt 14670 tha o & TLCOl A
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HERY Ky Y-S Hel 167 #FE AdEdvh. HPLC #4-& S8 Rogosa
mediumol| 4] = 10 pg/kg wIRbo] 167 i 5 1540|920 ™, 10-20ug/kg 7] ¥Ho]
17H, 20-30ug/kg vIREe] 47N, 30-40pg/kg TIRte] 67He]A oW, 40ug/kg ©]el 271
2 vErEth wbH g@xfo wiekste] Aozl vEkE Ky R 10 pg/kg PIREO
16071, 10-20ug/kg mlRro] 37019921, 20-30ug/kg wIwke]l 371, 30ug/kg ©|’de] 17
24, HF 137 #FE AWstA. £3] 272 i+ Rogosa mediumoll 4] 184.94u¢
/L, sk ] Hi | ol Al 63.93pug/L& UERW 7 ol u Aol FlH vt 272
T A HER Ko A =S wiefo] shAde x| fufAlol] H]ste] of 3uj A&
EZol ]4_})\—‘11], B} w79 A% vpErHA R vsed As Bided A Tl
upel wj R ol A e B ko] polvk e ACE e

Morishita 5(1999)28] Ao = Lactococcus lactis ssp. cremoris 232 H]
B9l Ko(MK-7)9] A4ra2 Z47F 90ug/Let 29ug/L ©|vhar 393, Hojo &
(2007)& Gruyere A Zo|A2] MK-4 5% 81-96ng/g¢l WA Appenzeller #|Z3=
z}z} 433 52ng/golehal g j’Jrsa]r Hawgs v 2 A7237F o =2 FEE

ATt

t}. LC/MS(UPLC-Q-TOF)Z ©]-&3F Vitamin K9] =<l

Adte #25 e 2 Vitamin KoE #38 5437 93k ultra performance liquid
chromatography—-quadrupole-time of flight (UPLC-Q-TO)& Al&3lth =49 A2
elemental composition®.® =4d& 12 screening % §  online database (www.
chemsider.com)Z ©]-&3to] 23} screening 3o #HE TEEAE ol &3dlo] HAHIY O
o, LC-MSE o]&3le] RulsAsh A3 AMdte F9] product ionSl 444.3003m/zE &2l
393, Fig. 5ol YERISITE Table 2500419 o] HERYl Ky(MK-4) EEF 543 blas)
o nominal mass$l 444Da W0l &kl wel A el oE AR =0l nE

Kots 399 = itk

Table 25. Inherent properties of standard vitamin K:(menaquinone-4)

Parameters Inherent properties

Empirical formula Cs1H4002

Molecular weight 444.6481

Normal mass 444 Da

Monoisotopic mass  444.302831 Da

Systematic name 2-methyl-3-[(2E,6E,10E)-3,7,11,15-tetramethylhexa
deca-2,6,10,14-tetraenyllnaphthalene-14-dione
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Fig. 5. Identification of Vitamin K2 by LC/Mass Spectrometry
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et

3. A At s &4

A, Asteta AdE et A d#FELS 38 Gram YA E

dAujg oz A7 Al 1032 cocci HH, 3F2 rod Fe ot AaFi

o] & AATIH AL, catalase?t TS A E e 3 15T 45Tl A

skl e, glucosedt arginine S =5-H 247 gaset dRUotE AATHA &okh

g 9E Alde 7Y A$ API 50 CHL kit(BioMereux, France)E ©]-83}%3al
o

Td A4 API 20 STREP kitE o] &3lo] A A8+ tHTable 26)

Table 26. Biochemical and physiological characteristics of lactic acid bacteria

1solated from raw milk and feces.

strains AlI8 |Ald4 |A260 | B15 | B30 |B262 | C79 | D98 |D212 | F9 | 272 | 301 | 581
Gram stain + + + + + + + + + + + + +
Cell morphology cocel |cocel |coeel | rod |cocel | rod |cocel |cocel |coccl [cocel | rod |cocel |coccl

Spore formation - - - - - - - . l , B _ _

Motility - - - - - - - - . . . . l
Aerobic growth o o - - - + + + + + T + T
Anaerobic growth + + + + + + + + + o+ + + +
Catalase - - - - - - - . . . _ , ,
Growth at 15C o e I O I A S A N B S B S S - - n
Growth at 45C e e e e e e e R

Gas from glucose - - - - - . ; , l , , l i

Ammonia from arginine | - - - - - - - - - - - - -
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API 20 STREP

Strains

F9

301

Pyruvate

Hippurate

Esculin

Pyrrolidonyl 2 naphthylamide

6-Bromo-2-naphyl- e-D-glucuronate

Naphtol AS-BI B-D-glucuronate

2-naphthyl-B-D-galactopyranoside

2-naphthyl phosphate

L-leucine-2naphthylamide

Arginine

Ribose

+ |+ |+

+ |+ |+

+ |+ |+

+ |+ |+

L-Arabinose

Mannitol

Sorbitol

Lactose

Trehalose

+l+ |+ |+

+ |+

+l+ |+ |+

+ |+

+l+ |+ |+

+ |+

+ |+

+l+ |+ |+

Inulin

Raffinose

Starch

+ |+

Glycogen
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API50 CHL

Strains BI5 | B262 | 272 Strains BI5 | B262 | 272
Control - - - |Esculin ferric citrate + + -
Glycerol + - - |Salicin + + -
Erythritol - - - |D-Celiobiose + + -
D-Arabinose - - - |D-Maltose + + -
L-Arabinose + - - |D-Lactose + + -

D-Ribose + + +  |D-Melibiose + - -
D—Xylose - - - |D-Saccharose + - +
L-Xylose - - - |D-Trehalose + - +
D-Adonitol - - - |Inulin - - -

Methyl- BD-Xylopyranoside

D-Melezitose

D-Galactose

D-Raffinose

D-Glucose + + + |Amidon(starch) - - -
D-Fructose + + + |Glycogen - - -
D-Mannose + + +  [Xylitol - - -
L-Sorbose - - - |Gentiobiose + + -

L-Rhamnose

D-Turanose

e

Dulcitol - _ - |D-Lyxose - : -
Inositol - - - |D-Tagatose - * _
D-Manmitol + + + |D-Fucose - - _
D-Sorbitol | = | - |LFucose —
lgiethyl— aD-Mannopyranosi | | | _ D-Arabitol I R
Methyl-aD-Glucopyranosid | = 1, L S

N-AcetylGlucosamine

potassium Gluconate

5-KetoGluconate

) potassium
Amygdalin + - - - - -
2-KetoGluconate
. potassium
Arbutin + - - - - -

16S rRNA FdA F&
o.

steirkh 248 97149
A

Ttol we} 98-100% 2 &

KeN
=

I 2 o] &

2
E

o1},
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Table 27. Identification of lactic acid bacteria selected by 16S rRNA sequence

. . score Identities
strains Description (bits) (%)
A-118 Enterococcus faecalisl) 93%
A-154 Lactococcus lactis subsp. lactis 2853 10026
A-260 Enterococcus durans 2845 992
B-15 Lactobacillus plantarum 1426 99%
B-30 Enterococcus sp. 2811 992
B-262 Lactobacillus curvatus ssp curvatus 2839 992
C-79 Enterococcus faecalis 1933 98%
D-98 Enterococcus faecalis 2845 99%
D-212 Enterococcus faecalis 2807 99%
F-9 Streptococcus macedonicus 1937 98%

272 Lactobacillus fermentum 2863 99%
301 Streptococcus macedonicus 2813 1002
581 Enterococcus durans 2831 992

YATB identification systemel <& 3 A3

Adbe 1389 RAAt 5 Enterococcus faecalis 757} 4, Enterococcus durans
27, [Enterococcus  sp. % Lactococcus lactis subsp. lactis IF7F 1E,
Lactobacillus plantarum 1, Lactobacillus curvatus ssp curvatus 1€, Lactobacillus

fermentum 1€, Streptococcus macedonicus 57} 280 2 YERGE
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4. AEA = F3t 248 75 2 Jlx Ad

3 days

DA FAF 2 EF Saos-2 celld] s dlF FE557 vitamin DsE 5%
w2 2AS s ol59 AX F2% (proliferation)s 437 $1381 MTT assay
2 A9} (Fig. 6). Positive control® AF&38F % F&2EL 1x10° mg/ml &
Tol A 141.25% 0% 7HE He AXTA ads vehdden 1x10° mg/mldl F
ZolAE 12806%% Ei 1x107° mg/mle) FEAAE 104.64%EF e
1x107 mg/mle] ¥EolAE 980A%E TEI} S/EFE A¥Y £ E3E tha
FAEaYS SV s

200 4
150 4

100.= —4#—soybean

—B—\itamin D3

50 4

104 103 102 10t

Fig. 6. Dose-response of cell proliferation on Saos—2, human osteoblast-like cells

in the presence of soybean extract and vitamin Ds.
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vitamin Ds ®3 1x10™ mg/ml FEo1A 12008% % 7173 =& A¥Y F2%S
el o™ 1x107 mg/mle FReAE 11852% % =il 1x10° mg/mle ¥ %=
A& 107.07%2 HERRSTE 1x10" mg/mle] FEolAE 94.75%Z vheRo] )
kolut ol controlitel] Bl we e YeR QLT

Saos—2 cell Al AAAA FF=
100% o149 A4 F2%S FzaA vehideh v58 2458 1x10* mg/ml
TEAA Hi FA%E Yo w5 Frbd wE fadhe AEE BArh
™

=5 FFEE0] Vitamin Ds¥t RE F

o
i)
=
=
3.
5
g
lo
=
N
ofN
-0
ol
flo
off
o
o
i)
i)

1

L}, Sample®] Alkaline phosphatase(ALP) &4 =34

ALP= Ae B x40 A3t 53] ZxAd EA8k= ALPE & A E0]
kel Jdojd w 1 A o] FUhETHLim F, 2007). wEbA AzE AP I A EF
2l Saos—2 cellel Al ZEAE #A4& Yele AEE AMEEHE Alkaline
phosphatase (ALP) S 71&4-& SA3AY (Fig. 7).

Positive control® AF83 5 FEHES 1x10™ mg/ml F5olA 17836% =2 =
2 ALP 4% ey e 1x107 mg/mle] ¥ EolAE 20643%= 717 e &

o

A8 JERNSTE 131077 mg/mle] FEolA= 152.63%2] =2 ALP 48 e
A3 1x107" mg/mle FEAAE 122.22% % Horn ¥yl Z71a42 ALP &
e tha Bas

te AE%e B
Vitamin D53 1x107 mg/ml ¥=olA 14093%= 7b¢ =& ALP #4<&
Wlom 1x107° mg/mle] FEelAE 135.00%% E%iL 1x107° mg/mle oA
= 13157%% YERT 1x10" mg/mle] ¥ 112.86%S vEhdo] thE
FEol vlE tha 9o S Btk

Saos—2 cell A@A A ALP #4L UFFEHEL 1x10° mg/ml FE=dlA,
Vitamin D3 1x10™ mg/ml F=olA 714 =& 5
Skl we} fAaste AFS Bt FAdERT 2EAMAE ST A ET
)53 %E0] Vitamin D3Rt} RE $EoA & AL woon B3 1x10°
mg/ml T4 FFEEL Vitamin D:X T 158 o] %S ALP 24 &
WAt Fig. 69 A2 S5 vud o Al F25o] Folds5 ALP €4 o

A FhEe wadh

o
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—#—soybean

100 .
il | Vitamin D3

=]

Fig. 7. Alkaline phosphatase (ALP) activities on Saos—2, human osteoblast-like

cells in the presence of soybean extract and vitamin Ds.
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Fig. 8. Growth of Lactobacillus fermentum 272 in 10% reconstituted skim milk

at various temperatures.
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Fig. 9. pH change of Lactobacillus fermentum 272 in 10% reconstituted skim

milk at various temperatures.
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Fig. 10. Growth of Enterococcus durans 581 in 10% reconstituted skim milk at

various temperatures.
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Fig. 11. pH change of Enterococcus durans 581 in 10% reconstituted skim milk at

various temperatures.
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Fig. 12. Growth of Streptococcus macedonicus 301 in 10% reconstituted skim milk at

various temperatures.

70

66
64 r
62
60
58
56  —m—34c
54 F —&—377T
52 b —@— 40T

pH

0 3 6 9 12 15 18 24
Incubaton time(hour)

Fig. 13. pH change of Streptococcus macedonicus 301 in 10% reconstituted skim milk

at various temperatures.

_98_



95
2 85
£
2
o 75 T
o
€ 65 |
o —m—34C
D 55 —&—37C
O —8— 40C
45 1 1 1 1 1

0 3 6 9 12 15 18 24
Incubation time(hour)

Fig. 14. Growth of Streptococcus macedonicus 351 in 10% reconstituted skim milk at

various temperatures.
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Fig. 15. pH change of Streptococcus macedonicus 351 in 10% reconstituted skim milk at

various temperatures.
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, 37T 40Tl A A9 vs=sbA skl e, pHe 40T7F 7 weE 4k A
weolo wel 40C7F 71 AA== YEebwtty.  Enterococcus durans 581 I
FANA 9AZFe] A2 F AL, 40T, 37C, 34T oz AFsed o, pl
2 Agow b AAS HY wE 40CrF P AALEE e
Streptococcus macedonicus 301 2 Streptococcus macedonicus 351 T+ &
3 7| 7FA] 64170l AL A, 40T, 37C, 34T o= AAsd oy, pH 4
A e Agos A ARE v wet 40T b AHLEE ves

rir do M

=

12 N ox 32

>

L BFAA WA

FAA W3 AEL tryptic soy broth(Difco) & AFg-3ke] 28] 34w ol 23|
Aol 55 #Este] HAAAFE=MIC) & A3t om, 71 A= Table 284
= wpe 2t

Table 28. Antibiotics susceptibility of lactic acid bacteria

Antimicrobial Strains
agents L. fermentum 272 E. durans 581 S. macedonicus 301 S. macedonicus 351
minimal inhibitory concentrations(ug/mé)

Aminoglycosides

Amikacin 200.0 200.0 25.0 5.0
Gentamycin 1600.0 300.0 50.0 300.0
Kanamycin 10.0 10.0 2.5 2.5
Neomycin 120.0 120.0 1.9 120.0
Streptomycins 2400.0 4800.0 18.8 75.0
B-lactams

Penicillin—G 0.5 15.0 05 05
Methicillin 60.0 60.0 1.9 1.9
Oxacillin 400.0 400.0 100.0 200.0
Ampicillin 25.0 25.0 6.3 6.3

Gram-positive spectrum

Bacitracins 160.0 160.0 25 5.0
Rifampicin 0.1 0.1 1.9 1.9
Novobiocin 320.0 320.0 320.0 160.0
Lincomycin 40.0 40.0 10.0 10.0

Gram-negative spectrum
Polymyxin B 160.0 80.0 20.0 80.0

Broad spectrum
Chloramphenicol 2.5 2.5

Vancomycin* 7.8 7.8 62.5 62.5

* 1 units/mé
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L. fermentum 272 3= Gentamycin¥ Polymyxin Bell t)3le] t}& 3%F¢] =
bt ptr A EAdo]l 9lE ¥ Rifampicin® Chloramphenicolell thalAE WA o] of
gt Ao 2 WerWT). Enterococcus durans 531 5= Streptomycin, Penicillin-Goll
tha] hAd o] Z3k Wk Rifampicind] thalAl= L fermentum 272 w59 A WA
o] ¢fdl Ao w YElNT). Streptococcus macedonicus 301 Fe}  Streptococcus
macedonicus 351 T & A 7 el vlE] dAukA oz o] oFsk ol
U9t Vancomycinel] el Aol 743k Aoz yErst). Streptococcus macedonicus
T HF ol= Streptococcus macedonicus 351 TF7F WAdo] 7+sk Holdt)

o g4 24 A

At 3% a42dALS API ZYM kitE Ab&sle]l AAgdon, o Ay
Table 29914 X.i= npe} 7t}

Table 29. Enzyme patterns of lactic acid bacteria

il (

1:/011 mal

Strains
L. fermentum E. durans S. macedonicus S. macedonicus

272 581 301 351
Alkaline phosphatase 1 0 0 1
Esterase(C4) 4 2 0 2
Esterase lipase(C8) 4 4 1 3
Lipase(Cl14) 0 0 0 1
Leucine arylamidase 5 5 5 5
Valine arylamidase 2 3 1 1
Cystine arylamidase 2 3 1 1
Trypsin 1 1 1 0
Chymotrypsin 1 1 1 0
Acid phosphatase 5 4 5 5
Naphthol-AS-BI-

4 2 4 4
phosphohydrolase
a-galactosidase 0 0 0 0
B-galactosidase 2 0 0 0
B-glucuronidase 0 0 0 0
a-glucosidase 0 0 2 0
B-glucosidase 0 0 0 0
N- acetyl—. [3.— 0 0 0 0
glucosaminidase
a-mannosidase 0 0 1 0
a-fucosidase 0 0 1 0

* 1 A value ranging from O to 5 is assigned to the standard color, Zero
represents a negative ; D represent a reaction of maximum intensity. Values 1
through 4 represent intermediate reactions depending on the level of intensity.
The approximate activity may be estimated from the color strength ; 1
corresponds to the liberation of 5 nanomoles, 2 to 10 nanomoles, 3 to 20

nanomoles, 4 to 30 nanomoles and 5 to 40 nanomoles or more.
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45 2] HAtS a-galactosidase, B-glucuronidase, B-glucosidase % N-acetyl-
B-glucosaminidase 59 Zao utd] &Ado] ¢l= ¥HH Leucine arylamidase %
Acid phosphatasee] Wa & FTASAHS 7IXE Aoz YeUAL L
fermentum 272 5+ Esterase, Esterase lipase %  Naphthol-AS-BI-
phosphohydrolaseo] thal &EAZAo] 4o]Qar, tvhE 3% FFo] wvlE B
—galactosidase®] &AgA o] 25 YEINSIY.  E durans 581 ©F+F  Esterase
lipaseol didl @Agdol 45 YelSla, ©E 3F9 5o Y& Valine
arylamidase ¢} Cystine arylamidase”} 3& YEFATYE S macedonicus 301 5
+ Naphthol-AS-BI-phosphohydrolase®l| ™3] & AgAo] 40]¢lar, v E 3F9] i
T nl8]  a-glucosidase’t 2& UYEMNRATE. S macedonicus 351 T FE
Naphthol-AS-BI- phosphohydrolaseo] thHa JZAgAo] 45 YR, S

macedonicus 301 3ol ¥H|3] Alkaline phosphatase, Esterase, Esterase lipase,

.
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Fig. 16. Growth of Lactobacillus fermentum 272 in MRS broth containing 0.05%
L-cysteine with or without 0.3% oxgall.
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Fig. 17. Growth of FEnterococcus durans 581 in MRS broth containing 0.05%
L-cysteine with or without 0.3% oxgall.

95

90 F —&— with oxgal
—ll— without oxgal

85 T

70

CFU per ml(log number)

65 T

1 2 3 4 5 6 7 8
Incubation time(hour)

Fig. 18. Growth of Streptococcus macedonicus 301 in MRS broth containing
0.05% L-cysteine with or without 0.3% oxgall.
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Fig. 19. Growth of Streptococcus macedonicus 351 in MRS broth containing
0.05% L-cysteine with or without 0.3% oxgall.
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Fig. 20. Survival of Lactobacillus fermentum 272 after 3hrs in HCL solution
(pH 2, 3, 4, 6.4)
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Fig. 21. Survival of Enterococcus durans 581 after 3hrs in HCL solution
(pH 2, 3, 4, 6.4)
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Fig. 22. Survival of Streptococcus macedonicus 301 after 3hrs in HCL solution
(pH 2, 3, 4, 6.4)
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Fig. 23. Survival of Streptococcus macedonicus 351 after 3 hrs in HCL solution
(pH 2 3, 4, 6.4)

)

ol¢} 7o Az B u] nuwz

2]
A AEE 2 dFo] sl A

4 75 ¥35) pH 29 pH 39 FfFFolAE 34
o= eyt

_I_:

&)
=4
kel HE%] da o= AE AAREAET SR/ A EFNAL

2 A8 A3= Table 30~333 21},

- 106 -



Table 30. Inhibition of pathogens by Lactobacillus fermentum 272 in MRS broth

Growth
a L. fermentum 272  Inhibition
Pathogens Pathogens
+Pathogens (%)
CFU/ml pH CFU/ml pH
Escherichia coli 2.80x10" 6.65 5.25%10* 481 0.00
Salmonella typhimurium 7.00x10° 6.48 1.15%10° 475 83.64
Staphyloccous aureus 1.55x10° 6.53 2.15x10" 483 86.12

* Tnitial count of Lactobacillus fermentum 272 : 1.54x10°CFU/ml
* Determined after 6h of incubation at 37C

Table 31. Inhibition of pathogens by Enterococcus durans 581 in MRS broth

Growth
a E. durans 581 Inhibition
Pathogens Pathogens
+Pathogens (%)
CFU/ml pH CFU/ml pH
Escherichia coli 2.80x10" 6.65 8.80x10° 471 0.00
Salmonella typhimurium 7.00x10" 6.48 1.33x10° 478 81.00
Staphyloccous aureus 1.55%10° 6.53 2.65%10" 478 82.85

* Tnitial count of Enterococcus durans 581 : 1.27x10°CFU/ml
* Determined after 6h of incubation at 37C

Table 32. Inhibition of pathogens by Streptococcus macedonicus 301 in MRS

broth
Growth
a S. macedonicus 301 Inhibition
Pathogens Pathogens
+Pathogens (%)
CFU/ml pH CFU/ml pH
Escherichia coli 2.80x10" 6.65 1.51x10" 554 46.25
Salmonella typhimurium 7.00x10" 6.48 4.30x10° 5.56 38.57
Staphyloccous aureus 1.55%10° 6.53 1.44x10° 5.69 712

* Initial count of Streptococcus macedonicus 301 : 1.14x10°CFU/ml
* Determined after 6h of incubation at 37C
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Table 33. Inhibition of pathogens by Streptococcus macedonicus 351 in MRS

broth
Growth
a S. macedonicus 351  Inhibition
Pathogens Pathogens
+Pathogens (%)
CFU/ml pH CFU/ml pH
Escherichia coli 2.80x10" 6.65 1.14x10° 4.84 0.00
Salmonella typhimurium 7.00x10" 6.48 1.23x10° 482 82.50
Staphyloccous aureus 1.55%10° 6.53 1.72x10" 4.85 88.90

* Tnitial count of Streptococcus macedonicus 351 : 4.55x10°CFU/ml
* Determined after 6h of incubation at 37C

Lactobacillus fermentum 272 15+ Salmonella typhimurium®} Staphyloccous
aureus®el W3l Z+7; 83.64% ¢t 86.12% = A HlaA  HL e 2
Escherichia colioll 3l &=l gidth. ik 5 pH WIE WS W hx1¢

52 pH7F 648-6.65011, Sl 2 pH 475-4830.2 & 9hnf A ol A]
*@*é% ko) JgFow AA BT} oF 2 UAAAT A7) FHdA = F2 A=
AL 5

Enterococcus durans 581 i+ Salmonella typhimurium$t  Staphyloccous
aureusol W3 ZZ 81.00%< 82.85% 2 A W E TS FFHS wel WA
Escherichia colio] tial #ztelo]l giglvt. sl § pH ¥WIE Hks o dizx=+9
A5t pHIF 6.48-6.6501M, E3u] el & pH 4.71-4.78°] 1.
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o tfET-¢1 AF=e2 pH7F 6.48-6.6501H, E3vlgeS pH 5.54-5.690] At}
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Fig. 24. Growth and pH change of Lactobacillus fermentum 272 in 10%

reconstituted skim milk at various temperatures.
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Fig. 25. Growth and pH change of Streptococcus macedonicus 351 in 10%

reconstituted skim milk at various temperatures.
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Table 34. Effect of carbon source on growth of Lactic acid bacteria

Strains L. fermentum S macedonicus
Carbon source 272(0ODg20) 351(ODg20y
L-Arabinose 1.23 1.21
D-Ribose 1.37 1.27
D-Galactose 1.60 1.58
D-Glucose 1.73 1.78
D-Fructose 1.59 1.67
D-Mannose 1.51 1.59
Mannitol 1.22 1.21
Sorbitol 1.04 1.66
a-Methyl-D-Mnnoside 1.17 1.01
N-Acethyl-Glucosamine 1.01 1.09
Amygdalin 1.14 1.09
Arbutin 1.02 1.10
Esculin 1.01 1.15
Salicin 113 1.07
Cellobiose 1.07 1.10
Maltose 1.25 1.23
Lactose 1.68 1.64
Melibiose 1.09 1.00
Sucrose 1.20 1.25
Trehalose 1.16 1.08
Melezitose 1.13 1.00
Raffinose 1.07 1.00
Gentiobiose 1.10 1.04
D-Tagatose 1.00 1.07
Gluconate 1.09 1.00
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Table 344 XH&= wvkel o] Lactobacillus fermentum 272+ D-Galactose,
D-Glucose, D-Fructose, D-Mannose, LactoseE 71838 4% ODZEo] 1.500]%4
o7 A Usgtoew, Streptococcus macedonicus 3512 D-Galactose, D-Glucose,
D-Fructose, D-Mannose, Lactose, Sorbitol2 #7132 4% ODgkol 1.500]42
2 A el wEl ODgtel 150014l AE& Awstdlar. tiwh Lactosew™

o

Lactobacillus fermentum 272, Streptococcus macedonicus 351 Z o4 Aol ¢
FIA o HEF AZA S baseE o]t upEl AAA AL AT

2) A 9 onEd s
AxA nHEFAALE MRS #1X %4, Rogosa PIA XA 2 A5 A& 7153)
al,

AAE FFotsle] A4 ISP, Yeast extract, Soy milkE A1 A&}

KHZPO4, MgSO4 . 7H20, FGSO4 . 7H20, MHSO4 4H°O CaClga }‘% 33]'9}]:]'

2

U, g4 A4 vEdad vk Ky A 28 B4

Auatgl A EE o] &3] skim milk 10%E Base® dtal o] 7o) &4
Axg 2 mgdada JAo4e S 40Tl A 18413 = 2443 wjekek v ]
B K, e pHE 543 A= b Table 359 2u)

Table 35. Effect of carbon, nitrogen and mineral source on vitamin K: contents

according to lactic acid bacteria

. . L. fermentum 272 S. macedonicus 351
Incubation Time
Source Vit. Ka pH Vit. Ka pH
(ug/L) | 18hrs | 24hrs | (ug/L) 18hrs 24hrs
Yeast extract 0.5% 0.00 450 0.00 448
Yeast extract 1.0% 875 442 6.50 449
) Soy milk 0.5% 0.00 473 550 467
Nitrogen -
Soy milk 1.0% 56.59 455 12.75 464
ISPY 05% 15.23 4.88 5.00 4.89
ISP 1.0% 65.00 450 463 4.80
Saorbitol 1% 463 476
Mannose 1% 6.02 479 2.75 452
Galactose 1% 10.23 4.86 413 470
Carbon -
Ribose 1% 25.45 4.45 525 4.80
Glucose 1% 0.00 455 375 457
Fructose 1% 6.36 4.68 325 459
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MgSO0s - 7H0 001% | 534 477 263 477
KH:PO4 0.2% 39.55 462 0.00 503
Mineral |FeSOs + 70 0.0034% | 11.02 491 6.13 473
MnSO; - 4HL0 0.005% | 23.07 4.36 263 467
CaCly 0.2% 1591 431 0.00 491

control” 3303 | 447 16.11 | 457

ISPY : Tsolated Soy Protein
control” : skim milk 10% + yeast extract 0.5% + CaCls 0.29% + L-cysteine - HCl 0.03%

(2

Lactobacillus fermentum 272 i+ skim milk 10%E Base= 3}al o 7]
29 FolA ISP 1.0% H7FS W wlERl K, &) 65ug/Loz 7 %2 ¥4
W3, Soy milk 1.0%%= thETHol 2 5659/l #s YeEd AT, 849
F ol A= Ribose 1%6Y W 25.45pe/Ls, VEFd 4 Sl KH2POs©] 39.55ue/L 3
e QITY.  Streptococcus macedonicus 351 TEYE thERT-Q B3 wx 7 b
2 16.11ug/L #s YERASAT

&

o

o v Eb Ky Aakszl e dexd A4
Lactobacillus fermentum 272 v+ ISP 1.0%, Ribose 1%, KH-.PO, 0.2% % 3t
3k skim milk 10% ¥} *|el|, Streptococcus macedonicus 351 3F<F% yeast extract
0.5%, CaCly 0.2%, L-cysteine - HCl 0.03% & 33k skim milk 10% w)j=|e] 77}
TN 3083 Aadt 5 1% H&ske] 40CalA 613 HA o7 24X 37k 1
UKy $HeF, pH 2 Zibte] WstE SA sk HAlo waxds AAg A
+ Fig. 26~273 2},

o

Fig. 26. Change of pH, LAB and Vitamin K2 in skim milk 10% containing ISP
1.0%, Ribose 1%, KIHPOs 0.2% by Lactobacillus fermentum 272 at 40TC.
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Fig. 27. Change of pH, LAB and Vitamin K2 in skim milk 109 containing veast

extract 0.5%, CaCl;

macedonicus 351 at 40C.
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D Ax AEs 54
UA A ZFAEFQ Saos-2 celldll sl Aol AN P& 3%
o A¥ol ASAE e FuFFAdol A vitamin AlE 2] positive control ZA4]
AFEEE 1,256(0H):Ds¢F 2% 5 =244 &40 483l Ui FEES FHAdET

(positive controD) &2 3} o™ A X F25 MTT assay= 723 AtHFig. 28).

180 r
160 r
140 r
120 r
e
S 100 |
o
% 80 |+
R
60 | —O—1,23(0H)D3
—2— A company fermented milk
40 - —— L. fermentum 272
20 B —l—S. macedonicus 351
O 1 1 1 1 1 1 1 ]
10-8 10-7 106 10-5 104 10-3 10-2 101
Concentraion(mg/m)

Fig. 28. Cell proliferation effects of soybean extract, vitamin 1,25(OH)2Ds
A company fermented milk, fermented milk using by L. fermentum 272

and S. macedonicus 351 on Saos—-2, human osteoblast-like cells.

c

HFEFEEEY A9E ZE FooA dHET9 100%S 43lste] iz 104~
125% 24 & ATl v 7 e Axs4 &3E Jehllu) vitamin
1,25(OH):Ds9] ¢ RE wRolA F2%5o] dAste] dizx79 9~114%E e
St

.

H

kol

Lactobacillus fermentum 2729} Streptococcus macedonicus 351 ©]-&3F &
o) AZZAEHE 747 1x10°mg/ml~ 1310 'mg/mlel A F4 %5 o] ol vl s}
Z79 103~110%9F 99~119%E Webdglch 2% positive controlg] ol &%
Buchs AEFA WA va gelg o, B v AR AEF G

Qs 4 stk AlF HERY AXEZ2FEAE 1x10 "me/ml~1x10 ' mg/ml o] A]

0

oh de o 2 o

- 115 -



250l 91~106%E YEMNA ™ Lactobacillus fermentum 2729} Streptococcus
macedonicus 3515 ©o] &3 NFFHT AXF2 WA th "ojx= HAIES

ERu ST

2) Alkaline phosphatase(ALP) &4 =4
ALP= A9 B 4o £A8 53 Fx4d] £48h= ALP= & 4730
grs] dojd wf 1 g o] FUFE whEbA QIZF FAF XA EFQ Saos-2 cell
A ZEAEY] &48 YEdE A BE AMEH T Alkaline phosphatase (ALP) &
=48 (Fig. 29).

)
X
o
e

160
140 r
120
_ 100 |
g 80|
¥ 60 r —O0—Sovbean
——o—1.25(0H} D,
40 i —&— A company fermented milk
20 L —— L fermenium £72
—8— & macedonious 557
0 L I L L L L 1
10-% 107 106 10> 10% 103 102 1077
Concentration{mg/ml}

Fig. 29. Alkaline phosphatase(ALP) activities of soybean extract, vitamin
1,25(0OH)2Ds. A company fermented milk, fermented milk using by L.
fermentum 272 and S, macedonicus 351 on  Saos-2, human

osteoblast-like cells

Lactobacillus fermentum 272} Streptococcus macedonicus 3512 ©]-&3F
B AFAE AEA =71E A 248 APl ALP 2402 yER]IT
Lactobacillus fermentum 2722 7% ALP &2 0] 1x10 'mg/mlol A 101962 A 23}
o] ZF7teltl 1x10 ‘mg/mle] w=olA 114%= Huzs vekl & xpxp 74 she]
1x10 % mg/mlel A 101%°] =239t} Streptococcus macedonicus 3512 7% ALP
g4d o] 1x10 'mg/mlel A 100%= A 2sle] 718ttt 1x10 ‘mg/mle] s =4 109%
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dF A gaske] 1310 *me/micl A 103%9] =98 gl vl
< s YERAARE vitamin 1,25(0H).Ds ¢4 H| 28k AS 1S
3o BREARGE thh Be g JEAY. Y we 349 =
Lactobacillus fermentum 2729} Streptococcus macedonicus 351 =5 1x10 “mg/ml

oA zbz} 114%, 109%2 3 o|88td g 7|5 vz &gaqlch

o=
D 25 wE ZAMx &3 W)
Lactobacillus fermentum 2729 Streptococcus macedonicus 3515 ©| &3k

Efol AFLmel Azke] o BAYL F4%L Fig 300 e

140 1

120

100

80

60

% of control

40
EIL. fermentum 272

B S. macedonicus 351

20

80°C, 30min 90°C, 5min 90°C, 30min
Temperature and time(min)

Fig. 30. Cell proliferation effects of L. fermentum 272 and S. macedonicus 351

on various heating times and temperatures

Lactobacillus fermentum 2729 Streptococcus macedonicus 3515 ©| &3k gt
E%—‘E AHEEE 80T ~907TC, 7M9AZHS 5~302 02 FI7MAAS W Ax 52

s
:10
mlo

G dArh
Lactobacillus fermentum 2729 Streptococcus macedonicus 3515 ©| &3k

B AFenet A7ke] wE ALP B4 % Fig. 319 Yehdth

=
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140

120

100

80
OL.fermentum 272

B S.macedonicus 351
60

% of control

40

20

80C, 30min 90C, 5min 90°C, 30min
Temperature and time(min)

Fig. 31. Alkaline phosphatase(ALP) activities of L. fermentum 272 and S.

macedonicus 351 on various heating times and temperatures

Lactobacillus fermentum 272} Streptococcus macedonicus 3515 o] &3
B AR E 0T ~90T, 7MEA3He 5~3080= F7IAHS w 90T A

o)

[
&
30 dAElgh o] ALP Ea &40l A dEEs & F ATt

2) pHell w& A2 gd3 ws)

Lactobacillus fermentum 2729 Streptococcus macedonicus 3515 o]-&3F
B WA s Ao AEds i ddstaxt A (pH 2), T4 (pH 7),
A7) (pH 10) Z7oA Hafo pH Wstol] W& ZAX F2%(Fig. 32)& XA+
At

Ol

140

120

100

80

60

% of control

40
OL. fermentum 272

20 B'S. macedonicus 351

Fig. 32. Cell proliferation effects of L. fermentum 272 and S. macedonicus 351

on various pH

- 118 -



Lactobacillus fermentum 2725 o] 83 2 E /= pH 204 102%9 5245
BHa, pH 7oA 107%, pH 10914+ 99%<e] MEFAS ‘4‘5}‘4494‘:}
Streptococcus macedonicus 3515 ©]-&3 Wa {5 pH 294 105%2] 52 5-<
Sa, pH 7oA 119%, pH 109041 102%¢ <258 ®AY  Lactobacillus
fermentum 2729} Streptococcus macedonicus 3515 ©]-&3 WERF= pll W3}

ue ST FAEE & ¢ Ak

Lactobacillus fermentum 2725 ©]&3% Y& /9 pHel wE ALP 34 £
E(Fig. 33)%& pH 294 99%, pH 794 126%, pH 10914 10091 =-H
Streptococcus macedonicus 3518 ©]&3% WE [ pH 204 929%, pH 7ol A
114%, pH 1014 91% =A pH W&ol uwhe} of3he] wslrE AAARE iz i
90%0]7de] BAEE B wEkA] ALP B4 @457 fA gl wel Al e
o] TheAds 9 F AU

140
120
100
;\% . BIS. macedonicus 351
1
2

Fig. 33. Alkaline phosphatase(ALP) activities of L. fermentum 272 and S.

macedonicus 351 on various pH

o

ZH 9l LB el BAE wRHE FHIEste] wigtERAdul(E 36, B)E A
t& #AALE AAIS dake= 1 37, 399 2
oluf, wEM K., A 2&S | 915Fe] &4a9Y 5 ribose”’t AAHA oY 714
o] 60,0009 /kgo.Z YN 3r7tolar, 2AY B4 galactoses A EAHIMEO|
A= o] YA gFol A fructose=  th A 3} A T
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¥ 36. Lactobacilus fermentum 272 it7(%% ABT-D o+ 1112 23 #7)E&E
o] &gk wr] WE [ ug
(&9 1 %)
sample A C B, D
A 78.76 78.76
S E 324 324
ISP 0.83 0.83
KH:PO. 0.17 0.17
=& 2 2
i 5 5
g7 A 8 10
AA T 2
S 100 100
F) A, B Lactobacilus fermentum 272 7 ©% o7 Ax9d 47 H
C, D Lactobacilus fermentum 272 5<% Fd++ ABT-D & 1 12 %3

o AFH TIH

¥ 372 Lactobacilus fermentum 272 15 T L+ ABT-D % 112 &
o ot Alxd "] HEAY #dsiAb g Aot

Lactobacilus fermentum 272 v+ @50z Axd TIEH9
Lactobacilus fermentum 272 3t<F AA) 7} hetero #F% <& AF gho] "Hojx] i
3 AR "ojA = FA el AT}, Lactobacilus fermentum 272 T59F %
TF ABT-D ¥FE 1 : 18 E3to] Axd LEFY Cok DAES =47 0]
of MAHAL, 7|ZAE Fo] FAH o FJAEFHR FAS 2345 HAat)

>
1o
oy
3
4

§2 o2 W rlo

¥ 37. Lactobacilus fermentum 272 it7(%% ABT-D o+ 1112 23 #7)E
o] g3 Wy WEfo B FAPA

Mean=5td
i o A ukA o
. 2] 2(4) o x4 7 Clee T el At
control” 6.00£1.12° | 6.85£1.07% 6.85+1.34° 6.85+1.07 6.69+1.25
A 7.38+1.12° 5.85+1.21° 5.35+1.07 554+1.27 5.00+0.82"
B 785:069° | 654x151% 500£1.41° | 6.00+153% 554+1.27
C 754£127* | 6.85:0.90% 6.38£0.96* | 6.23t1.36" | 6.38+1.39®
D 7.46+0.97% 7.38+1.12° 6.54+0.78" 7.09+1.11° 6.69+0.75
UV 179d A o] A= 1399 Fridd oe g

PNAY W Bl s 9o AF

Y p>0.05
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¥ 38 EFHFVE o8 By LEHe M
(&S %)
sample E F
A 79.15 79.15
2 A] 525 3.24 3.24
yveast extract 0.415 0415
CalCly 0.17 0.17
L-cysteine - HCI 0.025 0.025
L7 2 2
o 5 5
k! 8 10
AA 2
A 100 100
V' I. fermentum 272 T : S. macedonicus 351 % : ABT-D #% = 35 : 35 : 30 ¥
2 st Alxd Ea
¥ 39% L fermentum 272 3, S. macedonicus 351 wF ATl
ABT-D #55 233t Axd @7 dafo #s4A 3 2ol
Anka oz thx4-9] o] E9F F AlFol val ool v AS AQstar v
2 & A= Foidel YAAN BAEC] 7MY =2 ASHFE dAuTh
¥ 30 EFAFES o) W] wEF B FAFN
Mean=5td
1%7]% (A ul =z A 7} ﬁi;ﬁ’% 019/]/\].
/\]JEJ_ 9’]\_(‘|> N e = 7]_—57_}. '?_H
control” 6.00£1.12" | 6.85+1.07 6.85+1.34 6.85=1.07° 6.69+1.25
E 7.54+0.97% 6.53+1.48% 6.54+1.13% 6.63+1.36% 6.54+1.39%
F 7.38+1.26% 7.24+1.98% 6.60+1.49% 7.14+1.51% 7.00+1.63%
D 1M9A X o) AeE 131 e) sbte] o) watgh
P NHY WHE Brbes 20 AE
Y p>0.05
9. AxTH 44 L olskera 5RxA}
b AxeAH A4
1) Lactobacilus fermentum 272 2+ ABT-D 5 &3+
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- 94.89%, €A+ 3.91%, ISP 1%, KIPO, 0.2%% #H7}3tar 65T A
wigtele] s = F 90TCeA 52zF Arsidlon, 40T=2 WAzl v
Lactobacilus fermentum 272 9 441+ ABT-D ¥FE 05% A 1.0%((v/v)
2 HFsta, HE pH 4402 Aad urbx] wjgdt (A A L 83%)°] =AY

10.0%, =8lald 2%, A4Hd 5% 5 F7bslar wwtstel IALEFE A XA

ISP, KH:PO.4 - A5 2 EXEH

HFH(65°C)

2A3(90°C, 53)

L. fermentum 272, +
ABT-D 1% #7}

H] F(40°C,1541%F)

A
(HAS] 17 %)

273
Fig. 34. 348 /9 AxTAS
2) L. fermentum 272 3t=F, S. macedonicus 351 5, ABT-D 5 &3

AH 95.37%, EAEF 3.90%, yeast extract 0.5%, CaCls 0.2%, L-cysteine -
HCl 0.03%% #7Fstal 65Tl wigtale] ehde] =<9l § 90TA 523k a3}
gow 40C=E IZAAZ ©e  Lactobacilus fermentum 272, Streptococcus
macedonicus 351, ABT-D #FE 35:35:30 W] &2 1.0%(v/v)Z HAE3a, H¥F pH
44072 232 wi7hx] wjFd °”<7<4x1M 83%)°l =714 10.0%, <3 2%, A%
I3 5%E Hrbekal wwkste] ST EFE AXsAT
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e I
|
w3 (65C)
|
A(90C, H)
L. fermentum 272 + S
macedonicus 351 + ABT-D
1% A7t ‘
HJ (40T, 1541 7H)
|
@m?; ]?7 %) - =
|
2 2 W9
|
4

. o)ghera] EAxAL
718k Aol Axd & ovlEnl Ko @ 8 ojghd AR £4 A v
40} 2ot

F40. N2 AlEe] vEk Ko & 9 o] 5ket A

B

2 oF A 4
A (AANE D 2 uE | A | 3 & HER K Bkt

A (%) (%) (%) (%) (%) | FF(ug/L) (cfu/ml)
AY 012 |75.03+131 | 412+0.2 |3.12¢0.13 [0.92¢001 | 53118 | 1.4x10°+3.9x10°
B” 012 |7610+124 |445£0.04 |3.08+0.25 |092£0.05 | 388+2.9 | 1.6x10°+51x10°

V' Lactobacilus fermentum 272 5} ABT-D 5 &3

2L fermentum 272, S. macedonicus 3519+ ABT-D o o]&
30)
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L. fermentum 272 <+ ABT-D w5 E33lo] Azxd @af A& L
fermentum 272, S. macedonicus 3519+ ABT-D i+ &3sle] Axg waf AF
3] AL 0.12%01Q 3 AES wd, 247 FAFaEE 9.87%92 99 +r
14k 3.12%9F 3.08%, Ak 14x10° CFU/mL$F 1.6x10° CFU/mL, Rlebd Ko ?%
a8 53.1ug/Le 388ug/LOIAth. FAME 7FEv)E E 3FA(2010)0] whEW, S

9 A FAFTIGE 80%, Rabtg 19 cfu/ml oo 2A 5% FAo|gle

§- T
o] thwt AAEo] BAEN Y wEwe sl &oldka uEb K, ko] vl Aol

b

¥ 36, vEY K @ RES AAE
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A%
& Fusty, AFUL AEIS AN F F0EF Y L AREFS AR

Table 41. Body weight changes, food intakes and food efficiency ratio of rats

fed osteo-active product for 6 weeks

sham control A B C D E F

Body weight(g/rat)
22271 24099 24087 24057 24061 240.80 24050 239.90

Il’lltlal b a a a a a a a
+10.84° +16.09" 889" =+1461% =*11.87" +£9.29" +£11.96" =+896
Final 27305 34191 32422 33446 33480 32590 33711 324.72
ma
+9.07" +2811° +2577" +30.61" +31.83" +28.83" +2651° +3498°
Wit . 50.34 10444 82.99 91.81 93.91 81.71 9745  84.85
. 1m
sd +522"  +16.17" +2052° +119.63° +28.82° +26.82° +20.83" +37.08°

Food intake
701.08 90381 85176 974.03 95841 891.95 897.85 830.80

Total(g/rat) b . - . . . . 5
£187.62° +42.56° +60.647 £20.79% +73.72° +17.05° +2054% +14.62°

10851 14230 13363 154.01 15140 14033 141.31 130.13
Weekly(g/wk/rat) b . . . . ) . .
+31.42° 744 +£12.34° +536° +12.44° +7.16° +949° +47.98

FER? 6.77 11.78 10.35 10.64 10.82 10.10 11.36 10.11

+0.74°  +1.70° 206" +1.99° +236° 313" 210" +344°

1) Values are means*SD
2 Values with different superscript within the row are significantly different at a

=0.05 by Duncan’s multiple range test.
3) FER : Food efficiency ratio, Wt. gain{(g)/Food intake(g) x 100

| AFS 222.71~240.99g°] AT 657 < AP A ole FHo=
#o] 10444g o2 714 Be U=

S7HE Hol B Aol vlal felxrh AT olek #
< control 2 A M FeEvt e shamvol] W3
T /bl =A dErstth Fig. 37004 BA 0FolA 353 7HA ATkl
71 gle, 1 o] FRH= ek FUFAE Hl=T, 598 sham o

of wlal Fglo] F-&o] HAE oefd dAa dAz fdd AT 7t

=
9,
rE
-

107}
=
o
]
o
=
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v
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Y
0
N
X
n
L
o
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(Table 42).

Table 42. Organ weights of rats fed osteo-active product for 6 weeks

Organ weight(g) sham  control A B C D E ¥
757 847 846 883 89 806 873 1%

y
ver £035°7 £1.12% £119% £1.00° +£135° 077 £094° +] .98
. 196 202 197 199 196 201 197 19
anevs
v £0.12° 018 =006 =010 028 022 =017 +028
065 013 007 010 011 014 014 014
Uterus

+0.36° 003" +0.03" +0.03" +0.02° +0.03” 003" +0.02°

1) Values are meanszSD

2) ns: not significant

3) Values with different superscript within the row are significantly different at a
=0.05 by Duncan’s multiple range test.

2 FAE dAE AA S controlit 2 A o] WAE AR &S sham
o Bk =4 YEtsE, ole AlF FUFe #Eo] A @k AtmET 4179

4

75‘“?‘ Shal’n'f:LO] 1.96 g ]}}\Jvl control :TLO] 2.02 gOE %AX]’ ]’ u}\}}\]:]' X]’%A
A shamw©] 065 go =2 7P HEekon WdAAAS 2 007 g~0.14 go= ¢F
J

T A% foAom wA vegon, ot 2 ZEE FARYR @l g

_l

o de AE A4
1) GOTe} GpT24
4 el GOT9 GPTE4S Table 43¢ vFeb ATt
Table 43. GOT and GPT activities of rats fed osteo—active product for 6 weeks

Parameters
sham control A B C D E F
(U/L)
GOT 88.86 8450 89.00 9663 9163 10013 101.00 88.50
+1061" £990 +£1394 2154 +885 2051 +27.97 +10.89
GPT 4371 3813 3488 41.13 4488 4238 40.88 33.88

+5.06™ 259 506  £7.64 £1947 853 692 757

1) Values are means*SD
2) Values with different superscript within the row are significantly different at a
=0.05 by Duncan’s multiple range test.
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g4 %9 GOT(Glutamic oxalacetic transaminase), GPT(Glutamic pyruvic

transaminase) 2] &4 & ALEstEr A {7 8ok Ve A=A ok 1 A

AAze] e TAA d For WEo] FXY o Yebe e Y AREE o
. GOTS] &) GPTol wste] A e Z\OE & Aot

o]x}& GPT, GOT &4 AANEHAAE &4 &Aoo vo} AF 7k &+

8, ¢ 2o xAo ¥A /\LHM] WA AV S Fysoe] 2ol MASH AXE

of frEHe] 2o TUlste BAE WAz

El P & F2 HAZS WAooy AALE wEg e

[= @6301]*1 GOT3= control %&O] 8450 U/LZ 7Hg @& ¥bid E 9] 101.00

=
o

3t HL'%OJ F 'EO] 33.88 U/LE 7 we W) C o] 44.88 U/LE 714

=
kot A FelAsh gl Ao vhehd

2) o] ALP, Osteocalcin
dd ALPY @42 2342 =AA (bone formation)e] *|EZA] 7 79
A AL EFAE $A-S wddt) Osteocalcine A ¥ o 93 A=
& 33154 extracellular matrixoﬂ A3tdd. A2 A3E osteocalcing] dF-= &3
2l

oL = O
I LTI

o X

==

"
2
o

sl o 2
E}H%EE fﬂxé = osteocalcmA L= 2T SAHEE AHHo=Z
3 + 9t} A3 ALP(Alkaline phosphatase)®t Osteocalcin 3FH-S
Flg 38, 391 2+7F e AT

o,
Ol
L

A
o2
g
£ 8 £

= 5 a
=
z b be
= 60 -
=
-
¥
o=
= 40 -
il
=
[=]
=
) 20
=
=
=

0 -

Sham Control A C D F
Group

Fig. 38. The changes of alkaline phosphatase activity of rats fed osteo—active

product for 6 weeks
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Fig. 39. The changes of osteocalcin contents of rats fed osteo—active product for

6 weeks

g3 ALP %+ C AHgato] 7 =& v thxdo] 7P ¥kon Al
22 shamarell W8] thAh =t o]+ Kim 5(1996)2] W4 A #+= sham
ol v @ ALPY sVl =9kvhal 3 A AR Y dukder WA A
FES FIA *@ﬂ@@ x| Eel A% ALPY =718 £&

p &

ALP @42 S7l= ol2E=4 Z¥ S = hone turnover’} %7

+
“
3@
~
=
i
o,
kD
el

7% Osteocalcine YAHA Q] thxaro] v shamv o
Atk oAEZAL FH T 7| A2 F turnover rateE A 7|HEA] FE£AE WA
st Aoz ¢4EA Atk Fandl & WA & =
dl dA osteocalcin Fie F/MAZATL Haskglow, # ATeA= BS C A e

2] €A osteocalcin®o] 7HE =& ghe B tixrol vla] feolde] At
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Table 44. Calcium, Inorganic phosphorus and Ca/P ratio in Serum

Parameters sham  control A B C D E F
, 1146+ 1075+ 1008+ 1034+ 1142+ 1121+ 1136 11.05=
Ca(mg/dL) s
042 0.32 0.26 0.33 0.25 021 0.29 0.28
6.23 6.26 551 5.68 6.68 6.71 6.24 6.39
P(mg/dL) us
+0.68 +0.44 +0.47 +0.55 £0.91 £0.55 £0.97 +£0.43
Ca/P 1.84+ 1.72+ 1.83+ 1.82+ 1.86% 1.76+ 1.82+ 1.73+

0.14™ 0.36 0.28 0.31 0.27 042 0.34 0.29

1) Values are means*SD
2) ns: not significant
3) Values with different superscript within the row are significantly different at a

=0.05 by Duncan’s multiple range test.

A5 2 s A, o4 Wzt dis FEe fREtRE A3 29
uE Wl Ze whee BE AN W9 W de AoE Hayo itk 2
ATFNAME A die FRoA RE & dF 4 dE TR ANFE
(7.2~13.0 mg/dD) el 235t W4 DA shamwrol vld] 7 AFs=7)
Frode gldAw wektl, o] A3t Choi (2009)7F  shamitol W]dte] W4 ZHA
ol vttty 3 Ao} Kim $(1996)¢] shamwrol u]ste] i AAgo] AJzko]
Aol wey " Zgol AasteE A3ds UEhlvar Bagk Ay A A sel v

A7 29 se AP el Fol Al Aolb by @gkem ESE AN
FE (311~11.0 mg/dD) Wel ¥} Jeong 5(1997)9 AF-olA HAY <L o
A o) gk WEtu vk Ao L e Apolol] wpETRAL Al A83laL, Choi (2009) 9]
Aol Mm dA Qo] daddAl Aol felxkrh glvkar sho] 2 A Aol dA g
Ak a9 FREvE ZAg/de] vlee] 8% £ oy nlEo] x2 A
T EET A, A e Bl ol AoE & vk ZAEd 919 v &
of glo]AE controliro] 1722 wWlwz vgtow C Hglwo] 7F& o} bone

o |
turnover ¥ mineralization®] 43} ¥ &= Aoz 1HH &2kt
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2l g5 E 2 Ao 54 ¥ 54
D &9 FA, deo] 2 FA4 &4
GadA T 5 65 ALY 3 EFe dejd FAE Table 4590
b ATt
Table 45. Weight, length and diameter of left femur and tibia bone in
experimental groups
Femur Tibia
weight length diameter weight length diameter
(g) (mm) (mm) (g) (mm) (mm)
sham  0.67+0.05° 35.30.#059° 4.11+048™  054x0.03° 39.150.68" 2.35:0.07%
control  0.74+0.04™ 36.33+0.68™ 395:062  0.61£0.04" 4062+058" 2.35+0.10
A 070005 3590+0.87° 390+025  057+0.04° 4017+0.87* 2.25+0.12"
B 0.74+0.09™ 3629+0.82%  4.00+0.19  061x0.08" 4062+1.09" 2.40+0.14*
C 0.76+0.09"  35.86+0.96°  4.01+0.03 0.64+0.08*  40.22+0.92*  2.41+0.18"
D 0.74+0.04™ 3628+0.75"  3.94+031 062003 4059+0.83" 2.35+0.12%
E 0.73+0.06™ 3657+057°  3.98+0.14  0.60+0.05™° 40.73+0.74* 2.34+0.12%
F 0.71+0.04" 3625:059® 3.88+018  058+0.03™ 4053+0.71* 2.310.07%
1) Values are meanszSD
2) ns: not significant
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1. Sporolactobacillus putidus sp nov., an endospore—forming lactic acid
bacterium isolated from spoiled orange juice
Author(s): Fujita, Rieko (rfujita@mitsui—norin.co.jp); Mochida, Kaoru; Kato,
Yuko; Goto, Keiichi
Source: International Journal of Systematic and Evolutionary Microbiology
Volume: 60 Issue: Part 7 Pages: 1499-1503

Published: JUL 2010

Abstract: A Gram-positive, endospore—forming, lactic acid bacterium was
isolated from spoiled orange juice. The organism, strain QCR1-06(T), grew
microaerobically or anaerobically at 30-45 degrees C (optimum 35 degrees C)
and pH 3.5-55 (optimum pH 4.5), and produced acid from various sugars.
D-Lactic acid was produced. It contained menaquinone—7 as the major isoprenoid
quinone. The G+C content of the genomic DNA was 475 mol%. The
predominant cellular fatty acids of the strain were 1s0o-C-16:0, anteiso—C-15:0
and anteiso—C-17:0. Phylogenetic analyses based on the 165 rRNA gene and
gyrB gene (DNA gyrase B subunit gene) revealed that strain QC81-06(T)
clustered with Sporolactobacillus species but the strain was clearly distinct from
other Sporolactobacillus species with significant bootstrap values. The levels of
16S rRNA gene and gyrB gene sequence similarities between strain QC81-06(T)
and the other strains of the cluster were 96.0-97.0% and 75.1-77.2%,
respectively. On the basis of these results, strain QC81-06(T) should be
classified as a novel Sporolactobacillus species for which the name
Sporolactobacillus putidus is proposed. The type strain is strain QC81-06(T)
(=DSM 21265(T)=JCM 15325(T)).

2. Effects of a Lactobacillus casei 393 fermented milk product on bone
metabolism in ovariectomised rats
Author(s): Jong Gun Kim, Eungsuk Lee, Sae Hun Kim, Kwang Youn Whang,
Sejong Oh and Jee—Young Imm
Source: Int. Dairy J. 19:690-695.
Published: JUL 2009
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Abstract : The effects of a Lactobacillus casel 393 fermented milk product
(FMP) on bone metabolism were examined FMP (>01 mg mL—1)
supplementation significantly increased osteoblastic MC3T3-E1 cells proliferation
whereas skim milk powder supplementation did not show any positive effect up
to 1 mg mL—1. The FMP (1%) supplemented ovariectomised rats had increased
bone weight, bone mineral density, and bone breaking force compared with
control ovariectomised rat. In addition, the activity of tartrate resistant acid
phosphatase, a biomarker of osteoclasts, was significantly reduced in the FMP
group. Based on the results, the L. casel 393 FMP had a preventative effect on

bone loss in ovariectomised rats.

3. Crystal structure of MgnD (TTHA1568), a menaquinone biosynthetic
enzyme from Thermus thermophilus HBS8
Author(s): Ryoichi Arala, Kazutaka Murayama, Tomomi Uchikubo-Kamo,
Madoka Nishimoto, Mitsutoshi Toyama, Seiki Kuramitsu, Takaho
Terada, Mikako Shirouzu and Shigeyuki Yokoyama

Source: Journal of Structural Biology, Volume 168, Issue 3, Pages 575-581
Published: December 2009

Abstract : In many microorganisms, menaquinone is an essential lipid-soluble
electron carrier. Recently, an alternative menaquinone biosynthetic pathway was
found in some microorganisms [Hiratsuka, T. Furihata, K., Ishikawa, J.,
Yamashita, H., Ttoh, N., Seto, H., Dairi, T., 2008. An alternative menaquinone
biosynthetic pathway operating in microorganisms. Science 321, 1670 - 1673].
Here, we report the 1.55 A crystal structure of MagnD (TTHAI1568) from
Thermus thermophilus HB8, an enzyme within the alternative menaquinone
biosynthetic pathway. The structure comprises two domains with o/B structures,
a large domain and a small domain. L(+)-Tartaric acid was bound to the pocket
between the two domains, suggesting that this pocket is a putative active site.
The conserved glycine residues at positions 78, 80 and &2 seem to act as
hinges, allowing the substrate to access the pocket. Highly conserved residues,
such as Aspld, Asp38, Asnd3, Serb7, Thrl07, Tleld4, Hisl4o, Glul46, Leul76 and
Tyr234, are located at this pocket, suggesting that these residues are involved in

substrate bhinding and/or catalysis, and especially, His145 could function as a
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catalytic base. Since humans and their commensal intestinal bacteria, including
lactobacilli, lack the alternative menaquinone biosynthetic pathway, this enzyme
in pathogenic species, such as Helicobacter pylori and Campylobacter jejuni, is
an attractive target for the development of chemotherapeutics. This
high-resolution structure may contribute toward the development of its

inhihitors.

4. An Alternative Menaquinone Biosynthetic Pathway Operating in
Microorganisms
Author(s): Tomoshige Hiratsuka, Kazuo Furihata, Jun Ishikawa, Haruyuki

Yamashita, Nobuya Itoh, Haruo Seto and Tohru Dairi
Source: Science  Vol. 321 no. 5896 pp. 1670-1673
Published: September 2008

Abstract : In microorganisms, menaquinone is an obligatory component of the
electron—transfer pathway. It is derived from chorismate by seven enzymes in
Escherichia coli. However, a bioinformatic analysis of whole genome sequences
has suggested that some microorganisms, including pathogenic species such as
Helicobacter pylori and Campylobacter jejuni, do not have orthologs of the men
genes, even though they synthesize menaquinone. We deduced the outline of this
alternative pathway in a nonpathogenic strain of Streptomyces by bioinformatic
screening, gene knockouts, shotgun cloning with isolated mutants, and in vitro
studies with recombinant enzymes. As humans and commensal intestinal
bacteria, including lactobacilli, lack this pathway, it represents an attractive

target for the development of chemotherapeutics.

5. A new look at bone health.
Author(s): Banks G
Source: Prepared Foods 176 (7) @ NS3, NS5-NS6, NS8, NS10

Published: 2007
Abstract: The importance of a healthy diet for maintaining bone health and
reducing the onset of osteoporosis, which mainly affects women after the age of

50, is discussed with reference to: the need to ensure good bone health in early
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childhood and adolescence to reduce the risk of developing osteoporosis in later
life; the link between Ca and reducing the risk of osteoporosis; and research
showing that vitamin K, P, Mg, prebiotics and soy isoflavones improve bone
health and may be suitable as ingredients for inclusion in food supplements and

fortified foods to reduce the risk of developing osteoporosis.

6. Vitamin K-containing dietary supplements: comparison of synthetic
vitamin K; and natto—derived menaquinone-7.
Author(s): Schurgers LJ, Teunissen KJ, Hamulydk K, Knapen MH, Vik H,

Vermeer C.
Source: Blood. 15;109(8):3279-83.
Published: 2007 Apr

Abstract: Vitamin K is a cofactor in the production of blood coagulation factors
(in the liver), osteocalcin (in bone), and matrix Gla protein (cartilage and vessel
wall). Accumulating evidence suggests that for optimal bone and vascular health,
relatively high intakes of wvitamin K are required. The synthetic short—chain
vitamin K(1) is commonly used in food supplements, but recently the natural
long—chain menaquinone-7 (MK-7) has also become available as an
over—-the—counter (OTC) supplement. The purpose of this paper was to compare
in healthy volunteers the absorption and efficacy of K(1) and MK-7. Serum
vitamin K species were used as a marker for absorption and osteocalcin
carboxylation as a marker for activity. Both K(1) and MK-7 were absorbed
well, with peak serum concentrations at 4 hours after intake. A major difference
between the 2 vitamin K species is the very long half-life time of MK-7,
resulting in much more stable serum levels, and accumulation of MK-7 to
higher levels (7- to &8-fold) during prolonged intake. MK-7 induced more
complete carboxylation of osteocalcin, and hematologists should be aware that
preparations supplying 50 mug/d or more of MK-7 may interfere with oral

anticoagulant treatment in a clinically relevant way.
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7. Vitamin K: supplementation improves hip bone geometry and bone

strength indices in postmenopausal women
Author(s): Knapen MH, Schurgers L], Vermeer C.
Source: Osteoporos Int. 18(7):963-972.
Published: 2007 Jul

Abstract: Vitamin K mediates the synthesis of proteins regulating bone
metabolism. We have tested whether high vitamin K(2) intake promotes bone
mineral density and bone strength. Results showed that K(2) improved BMC
and femoral neck width, but not DXA-BMD. Hence high vitamin K(2) intake

may contribute to preventing postmenopausal bone loss.

8. Vitamin K intake and calcifications in breast arteries

Author(s): Maas AH, van der Schouw YT, Beijerinck D, Deurenberg JJ, Mali
WP, Grobbee DE, van der Graaf Y.

Source: Maturitas. 56(3):273-279.
Published: 2007 Mar

Abstract: Vitamin K is an important co—factor in the production of proteins that
inhibit wvascular calcification. A low dietary Vitamin K intake has been
associlated with aortic and coronary calcifications and an elevated cardiovascular
risk. Calcifications in the arteries of the breasts have also been associated with
cardiovascular risk, but whether there is a relation with a low Vitamin K intake

has not vet been studied.

We conducted a cross—sectional study among 1689 women, aged 49-70 years.
Dietary Vitamins K; and Ks intake was calculated from a wvalidated food
frequency questionnaire. Breast arterial calcifications (BAC) were assessed on
standard screening mammograms by two independent radiologists. With a
general linear model mean Vitamins K;, K: and Vitamin Ks subtypes were
calculated for women with BAC and without, adjusted for age, smoking,
diabetes, intake of saturated fat, mono—unsaturated fat, poly—unsaturated fat and

protein— and calcium-intake.

BAC was less common in the highest (99%) quartile of Vitamin K intake,
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compared to the lowest (13%) (OR 0.7, 959 CI 0.5-1.1) and not different across
quartiles of Vitamin K; intake. Mean Vitamin K: levels and mean levels of
Vitamin Ko subtypes MK-5 through MK-10 were lower in the participants with
BAC (p=0.01) compared to participants without BAC. However, after adjustment
for aging, smoking, diabetes and dietary factors the association of mean Vitamin
Ky intake with BAC was no longer significant. Calcifications in breast arteries

are not associated with a lower dietary intake of Vitamin K.

9. Analysis of vitamin K in green tea leafs and infusions by SPME-GC-
FID

Author(s):Reto, M.; Figueira, M. E.; Filipe, H. M.; Almeida, C. M. M.
Source: Food Chemistry 100(1):405 - 411
Published: 2007

Abstract: The usual methods for determination vitamin K are laborious. With
the aim of replacing them by a simpler method that requires fewer solvents,
lower analytical levels and allows reporting of results in a smaller period of
time, a procedure hased on solid-phase microextraction (SPME) and gas
chromatography with flame ionization detector (GC-FID) was developed. This
method was used to analyse vitamin K in green tea leaves and infusions from
nine brands of green tea commercialised in Portugal. The best analytical
conditions were obtained using PDMS 7um fibre using immersion extraction at
40°C, for 45 min and 1300 rpm. The linear range for vitamins K1 and K2 was
defined. The detection limits obtained with PDMS fibre and GC/FID were 0.16
and 0.07mg/L for vitamins K1 and K2, respectively. In all analysed infusions the
concentration of vitamin K was lower than the detection limit of the developed
method, however, the concentration of vitamin Kl present in tea leaves was

between 120 and 625 ng/100g.

10. Quantitative measurement of tetrahydromenaquinone-9 in cheese
fermented by propionibacteria

Author(s): K. Hojo, a, , R. Watanabea, T. Moria and N. Taketomoa

Source: Journal of Dairy Science, Volume 90, Issue 9, Pages 4078-4083
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Published: 2007 September

Abstract: Propionibacteria produce tetrahydromenaquinone-9 [MK-9 (4H)] as a
major menaquinone (vitamin K2). This study aimed to determine the MK-9 (4H)
concentration in commercial propionibacteria-fermented cheese. The MK-9 (4H)
concentration was quantified using an HPLC instrument with a fluorescence
detector after postcolumn reduction. Among the various cheese samples, the
MK-9 (4H) concentration was highest in Norwegian Jarlsherg cheese, followed
by Swiss Emmental cheese. In contrast, the MK-9 (4H) concentrations in
Appenzeller or Gruyeére cheeses were extremely low or undetected. Likewise, the
concentrations in Comte and Raclette cheeses were lower than those in Jarlsberg
and Emmental cheeses. In the present study, the MK- 9 (4H) concentration in
cheese showed a correlation with the wviable propionibacterial cell count and
propionate concentration. This implies that the increase in propionibacteria
contributed to the generation of MK-9 (4H) in cheese. We presumed, based on
these results, that Swiss Emmental and Norwegian Jarlsberg cheeses contain a
meaningful amount of vitamin K because of their high MK-9 (4H)

concentrations (200 to 650 ng/g).

11. Enterococcus camelliae sp. nov., isolated from fermented tea leaves in

Thailand
Author(s): Sukontasing S, Tanasupawat S, Moonmangmee S, Lee JS, Suzuki K.
Source: Int J Syst Evol Microbiol. 57(Pt 9):2151-4.

Published: 2007 Sep

Abstract: A Gram-positive and catalase-negative coccus that formed -chains,
strain FP15-1(T), isolated from fermented tea leaves ('miang’), was studied
systematically. The strain was facultatively anaerobic and produced l-lactic acid
from glucose. Demethylmenaquinone (DMK-7) was the major menaquinone.
Straight-chain unsaturated fatty acids C(16 : 1) and C(18 : 1) were the
dominant components. The DNA G+C content was 37.8 mol%. On the basis of
16S rRNA and RNA polymerase alpha subunit (rpoA) gene sequence analysis,
strain FP15-1(T) was closely related to Enterococcus italicus KCTC 5373(T),
with 99.2 and 93.8 9 similarity, respectively. The strain could be clearly
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distinguished from E. italicus ATCC 5373(T) by low DNA-DNA relatedness (<
or =33.8 %) and phenotypic characteristics. Therefore, this strain represent a
novel species of the genus Enterococcus, for which the name Enterococcus
camelliae sp. nov. is proposed. The type strain is FP15-1(T) (=KCTC 13133(T)
=NBRC 101868(T) =NRIC 0105(T) =TISTR 932(T) =PCU 277(T)).

12. Enhancement of 1,4-dihydroxy-2—naphthoic acid production by Propio-

nibacterium freudenreichii ET-3 fed—batch culture
Author(s): Furuichi K, Katakura Y, Ninomiya K, Shioya S.
Source: Appl Environ Microbiol. 73(10):3137-43.

Published: 2007 May

Abstract: The production of 1,4-dihydroxy-2-naphthoic acid (DHNA) was
investigated using a fed-batch culture of Propionibacterium freudenreichii ET-3.
DHNA is a precursor of menaquinone (MK) and is transformed to MK by
combination with an isoprenoid unit. We found that ET-3 stopped MK
production and increased DHNA production in an anaerobic fed-batch culture by
maintaining the lactose concentration at approximately zero. The maximum
DHNA concentration observed in the anaerobic fed-batch culture was markedly
higher than the maximum DHNA concentration observed in an anaerobic batch
culture. Moreover, MK or DHNA production was affected by the lactose feeding
rate; this suggests that lactose metabolism participates in the syntheses of these
products. On the other hand, accumulation of propionate was found to inhibit
DHNA production in the fed-batch culture. Based on the fact that ET-3
increases DHNA production in an aerobic culture by consuming propionate, we
carried out a cultivation experiment in which an anaerohic fed-batch culture was
switched to an anaerobic bhatch culture and found that the DHNA production
was Increased to a greater extent than the DHNA production in an anaerobic
fed-batch culture. These results suggest that DHNA production by ET-3 is

markedly influenced by carbon source limitation and the oxygen supply.
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