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SUMMARY

I. Title

Development of fermented milk by using lactic acid bacteria for anti—obesity

II. Objective of research

The objective of the study was to select probiotics strains with excellent
anti—obesity ability by exploring fermented product with selected lactic acid
bacteria.

It was to establish optimum culture technology of lactic acid bacteria with
anti-obesity and prove absorption inhibition effect of internal deposit fat by
investigating molecular mechanism of anti-obesity, strain’s feature and metabolic
identification.

It was to optimize the formula of fermented milk and do confrication through
freeze drying of lactic acid bacteria for field application. It was also to develop
fermented milk through efficacy assessment of final product by using animal

test.

III. Research scope and area
1. Collection and isolation of lactic acid bacteria
- Collection and isolation of lactic acid bacteria from feces and raw milk using
Modified MRS agar
- Investigation of milk coagulation through isolated lactic acid bacteria
2. Selection of lactic acid bacteria for anti—obesity effect
- Anti-lipase activity (by using porcine pancreatic lipase)
- Anti-adipogenetic acitivity (by using 3T3 - L1 cell line)
3. Identification of lactic acid bacteria
- Experiment of gram staining, fractography, spore creation, aerobic and

anaerobic growth, catalase creation, growth at 15C and 45C, gas formation
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from glucose, ammonia formation from arginine, glucose fermentation and
16S rDNA sequencing etc.
4. Characteristics of selected lactic acid bacteria
- growth of lactic acid bacteria, antibiotic tolerance, enzyme activity test, bile
tolerance, pH tolerance, antibacterial activity
5. Establishment of optimum culture technology
- substrate concentration, strain’s seed volume, optimum cultivation condition
by culture time and temperature
6. Identification of fermentation product
- Identification of anti—obesity material by using organic solvent graduation
and Column Chromatography
7. Changes of intestinal microbial flora and absorption inhibition effect of
internal deposit fat
- Tracking of changes of intestinal microbial flora in rat after administering
selected probiotics
- Absorption inhibition effect of internal deposit fat (in vivo)
- Variation of body weight and blood lipid concentration in rat
- Variation of epididymal adipocyte size
8. Confrication of selected lactic acid bacteria for commercial exploitation and
development of optimum formula
- Setting of optimum formula for fermented milk
- Developing of product and investigating of physico—chemical characteristics
- Confrication of selected lactic acid bacteria through freeze drying
9. Investigation of anti—obesity underlying mechanism
- Comparison of mRNA expression difference with PPARy, C/EBPa
concerning accumulation of fat and fatty acid oxidation through Western
blotting
10. Efficacy assessment of fermented milk by using animal test
- Diet efficiency and variation of body weight of animal

- Blood analysis
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IV. Result of research and suggestion of application
1. Collection and isolation of lactic acid bacteria
1) Isolation 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). 1,222 bacteria were
isolated from modified MRS media. 598 bacteria were further isolated after the
microbes were inoculated on 10% the reconstituted skim milk to check acid
production ability which can coagulate skim milk followed by incubation at 37T

for 18 and 24hr.

2) Isolation of lactic acid bacteria from infant feces
32 new-born infant feces were collected under support of Soon Chun
Hyang Hospital and Hangang Sungshim Hospital. 43 bifidobacteria and 86 lactic

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

3) Isolation of lactic acid bacteria from adults feces
47 adult feces were collected from staffs and their family members of

KFRI. 52 bifidobacteria and 187 lactic acid bacteria were isolated.

2. Collection of lactic acid bacteria with anti—obesity ability

Lactic acid bacteria isolated from raw milk were further isolated after the
microbes were inoculated on 10% the reconstituted skim milk followed by
incubation at 37C for 18 h and 24 h, respectively. 598 strains were selected
from them. Anti-lipase activities of 598 lactic acid bacteria isolated from raw
milk and 273 lactic acid bacteria and 95 bifibacteria were tested. Based on the
anti-lipase activity experiment’s result, 12 strains with strong anti-lipase activity

were investigated anti—adipogenic activity.
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3. Identification of selected lactic acid bacteria

7 Enterococcus sp, 2 Lactobacillus sp and 3 Weissella sp was identified by
experiment of gram staining, fractography, spore creation, aerobic and anaerobic
growth, catalase creation, growth at 15C and 45C, gas formation from glucose,
ammonia formation from arginine, glucose fermentation and 16S rDNA

sequencing from 12 selected lactic acid bacteria.

4. Characteristics of selected lactic acid bacteria

Sitability as starter culture for the fermented milk production has surveyed
through the anti-obesity ability and acid formation speed of 3 selected lactic acid
bacteria from 12 strains which have strong anti—obesity ability.

The optimum temperature of Weissela sp. F22 and L. plantarum Q180’s
was 40C and E. fecalis MD366’s optimum temperature was 37C. Weissella sp.
F22 was weaker resistant to the Bacitracin, but it was stronger resistant to the
Streptomycin, Lincomycin than L. plantarum Q180 and E. faecalis MD366.
Enterococcus faecalis MD366 has shown stronger resistance, especially
Gentamycin, Kanamycin, Neomycin and Vancomycin than Weissela sp. F22 and
L. plantarum Q180.

Lactobacillus plantarum Q180 has shown weak resistant to the Lincomycin
and Penicillin-G. Weissela sp. ¥22, L. plantarum Q180 and E. faecalis MD366
could confirm safety through no B-glucuronidase activity that Benzopyrene is
converted to carcinogenic substance and has bile tolerance. Weissela sp. F22 and
L. plantarum Q180 had stronger pH tolerance than E. faecalis MD366. E. faecalis
MD366 shown stronger antibacterial activity than Weissela sp. F22 and L.
plantarum Q180.

5. Establishment of optimum culture technology

The optimum culture condition of anti-obesity lactic acid bacteria was 9.54%
skim milk, 37.16C culture temperature and 2825 h culture time through
response surface experiment’'s result of L. plantarum Q180 which has strong
anti—obesity ability. According to response surface experiment’s predictive value

was pH 4.47, anti-lipase activity 55.55% and 20.48% anti—adipogenic activity.
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6. Separation identification of fermented product

Amino acid sequence from N terminus of gradually separated and refined
peptide by using ODS AQ colum, Vydac CI8 column and Superdex peptide HR
column from fermented milk was Asp-Thr-Ile-Ser-Ala-Gln and anti-lipase

activity (ICso) was 2,817 ug/mL.

7. Contrification of selected lactic acid bacteria for commercial exploitation and
development of optimum mix formula

1) Tracking of variation of intestinal microbial flora (pyrosequencing with 16s
rRNA)

After 6 weeks, A group, control group fed with general diet, increased
Firmicutes more than Bacteroidetes and B group, control group fed with high-fat
diet, more increased before starting experiment. Also, C group, fed with
commercial strain diet, increased Bacteroidetes more than Firmicutes before
starting experiment. D group, fed with L. plantarum Q180 (10® CFU/day), and E
group, fed with L. plantarum Q180 (10° CFU/day), increased Bacteroidetes more
than groups fed with another strains. F group, fed with Weissella sp diet,
slightly increased Bacteroidetes. G gorup, fed with E. fecalis MD366, also
slightly increased Bacteroidetes. Therefore, D group, fed with L. plantarum
Q180 (10* CFU/day), and E group, fed with L. plantarum Q180 (10° CFU/day),
more effected anti-obesity than control group fed with general diet and group fed

with commercial strain diet.

2) Absorption inhibition effect of internal deposit fat

It has implemented that absolution inhibition effect of internal deposit fat
with L.plantarum Q180, E. faecalis MD366 and Weissella sp. selected lactic acid
bacteria showing strong anti-obesity. The results showed Triglyceride (TG)
content ratio classified by time about TG content on O h. Consequently, D
group, fed with fermented milk with L. plantarum Q180, showed the strongest
absorption inhibition effect of internal deposit fat as D group increased 34.8%
TG content until 3 h and decreased 17.7% TG content after 5 h compared to O
h.
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3) Variation of body weight and blood lipid concentration in rat

After rearing 6weeks, A, B, C, D, E, F, G group’s average body weight
was 26.30, 2884, 28.74, 29.57, 28.29, 2844, 27.95g. These groups were no
significant difference except A and D group (p<0.05). However, compared with
group B, weight increase amount in group E, F and G was respectively
decreased 13.70%, 11.29% and 18.10%. In case of epididymal weight, E and G
group had less weight compared to other groups but no significant difference
with control group fed with high fat diet. The AST and ALT had difference
each group but no significant difference. A group’s TG concentration of serum
was 81.00£12.77 mg/dL. On the contrary, B group was 110.00+21.34 mg/dL
increased compared to control group. The C, D, F and G roup was similar to

group fed with high fat diet but E group was similar to control group.

4) Variation of epididymal adipocyte size
The result of adipocyte size's distribution to measure epididymal adipocyte
size was much spread 2,000um? of adipocyte size on all groups and B group
was much spread more than 5,000um? of adipocyte size. When observing dyed
adipocyte size with H&E dye solution through microscope, it showed difference

of adipocyte size with the naked eye.

8. Contrification of selected lactic acid bacteria for the commercialization and
development of optimum mix formula
1) Investigation of physiochemical property

80.682% of raw milk and 3.318% of skim milk was mixed and dissolved at
65C, and pasteurized at 90C for 5 minutes and controlled to 40C and inoculated
ABT-3 strain as commercial strain and mixed L. plantarum Q180 (10® CFU/mL)
in culture solution until pH up to 4.4, followed by the addition and agitation of
strawberry or blueberry jam, 5% of oligosaccharide and 2% of liquid fructose.
The result of physiochemical property of the fermented milk added 4% of
strawberry jam (A), the fermented milk added 6% of strawberry jam (B), the
fermented milk added 8% of strawberry jam (C), the fermented milk added 4%
of blueberry jam (D), the fermented milk added 6% of blueberry jam (E), the
fermented milk added 8% of blueberry jam (F) was 4.3 of pH, 21.46~24.65% of
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solid content, 7.33x10°~4.66x10° CFU/mL and 0.95~1.05% optimal acidity.

2) Development of optimum mix formula
Compounding ratio of development product was 80.682% of raw milk,
3.318% of skim milk, 5% of oligosaccharide, 2% liquid fructose, 8% of blueberry

jam and 1% of purified water.

3) Confrication of selected lactic acid bacteria through freeze drying

a. Fermentation condition of Lactobacillus plantarum Q180

On the condition of mass culture in 70 L Bio—fermentor system, L.
plantarum Q180 culture was inoculated in the 30 L of MRS growth medium and
incubated at 38°C. 1.48 x 10"°/mL of viable bacteria was obtained.

Growth data of L. plantarum Q180 was analyzed. The weight of one cell
was 665 x 10° g/cell, and the number of viable bacteria per 1 g was
8.09249E+12. Specific growth rate was 0.0366/min, and generation time was
18.9515 minutes under culture condition. Moreover, the growth lag time was
21.65 hours.

Total 487 g of wet cell was harvested by centrifugation of L. plantarum
Q180 culture at 3,500rpm. Cell recorvery rate was 0.974%, and the water content
of the wet cell was 73.3%. The number of viable bacteria was 2.24 x 10"/mL.

b. Development of freeze—-drying starter
To reduce the freezing injury of cell pellet, especially prepared powder
(SIMP) was added as the cryogenic agents. It was frozen in the low
temperature freezer (Freezer, Operon Inc., Korea) at —27TC.

The Freezed cell of L. plantarum Q180 was freeze—-dried in vacuum drier
(50kg of water evaporative capacity, Operon Inc., Korea) at -50C of chiller and
- 25T of the chiller plated cell, under 4,500 mtorr of vacuum condition, for 24 h.
175 g of dried powder starter was produced and water content of the stater
was 5.1%.

Cell survival rate of the cell pellet added SIMP, as cryogenic agents for

reducing freezing in jury, was showed over 99%.

c. Fermentation of yogurt and change during storage

Three yogurt fermentation bases were produced using ABT-4 starter,
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commercial DVS-type vyogurt stater, and L. plantarum Q180 starter. 0.1% of
ABT-4 or L. plantarum Q180 was inoculated and 0.05% of ABT-4 and L.
plantarum Q180 were inoculated. Among the three yogurt bases, there was no
difference in time to reach the final number of bacteria. However, the number of
viable bacteria in yogurt base produced by ABT-4 was started to reduced after
6 h. The number of viable bacteria in yogurt bases produced by L. plantarum
Q180 or mixed culture was continually increased until 15 h.

After 15 h, the three yogurt (ABT, ABT+LPL, LPL) terminated the
fermentation were stored at 2C for 12 h or 24 h. As the results of count of the
viable bacteria, the number of viable bacteria of the yogurt fermented by
ABT-4 was decreased. However, it was maintained in the yogurt fermented by

L. plantarum Q180 or mixed culture.

9. Investigation of anti—obesity underlying mechanism

The results of comparison of mRNA expression difference with PPARY,
C/EBPa concerning accumulation of fat and fatty acid oxidation through Western
blotting decreased 46.07% of PPARy and 35.16% of C/EBPa’s expression in
treated cell with 400ug/mL concentration of L. plantarum Q180 (10® CFU/day)

compared to control when resolving fat of 3T3 - L1 cell.

10. Efficacy assessment of fermented milk by using animal test
1) Diet efficiency and variation of body weight of animal

To understand the body weight gain of 6 kinds of treatment was tried to
the Spraue-Dawley rat. The treatment was control group fed with normal
diet(A), control group fed with high-fat diet administered orally physiological
saline(B), a group fed with fermented milk made with L. palnatarum Q180 and
ABT-3(CHR HANSEN)(C), a group fed with fermented milk made with L.
palnatarum Q180 and ABT-3(CHR HANSEN) added garsinia canbogia (D), a
group fed with fermented milk made with L. palnatarum Q180(E) and a group
fed with fermented milk made with L. palnatarum Q180 added garsinia
canbogia(F). After raising 8 weeks, B group, control group fed with high-fat
diet administered orally physiological saline, increased 293.46 of body weight
gain and decreased in order of E, C, D, F, A group. Compared with group B,

weight increase amount in group C, D, E, and F was respectively decreased
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5.14%, 6.5%, 3.36%, and 10.81%. Weight reduction ratio is the highest in group
F, the rat fed with fermented milk made with L. palnatarum Q180 added

garsinia canbogia.

2) Blood analysis

In case of ALT, there was no significant difference but showed different
values of each group. In case of AST, there was the lowest in C group. In the
concentration of blood serum TG, a group fed with normal diet and a group fed
with probiotics showed the lowest value compared to B group. In case of
adiponectin, there was no significant difference. Leptin was the biggest increase
in B group fed with high-fat diet. In case of group fed with probiotics, it was

increased compared to A group but decreased compared to B group.

V. Results Achievements and Their Application Plans

In the study, it was expected to improve the international competitiveness
and import-substituting effect to produce fermented milk through lactic acid
bacteria with domestic anti-obesity ability in the country instead imported
strain. Also, results of this study, commercialization is expected through a
technology transfer to participated company. The result of this study has applied
3 patents and presented 2 posters in the Korean journal of food science of
animal resources and 1 poster in the Korean Journal of Food Science and
Technology. 1 poster in the International Scientific Conference on Probiotics and
Prebiotics (ISP). Moreover, 4 papers was published.

In the future, through the market planning and survey research it will be
commercialized in participated company through the technology transfer.
Moreover, before the marketing of new product, several scale-up tests will be
conducted such as process optimization for mass production. When we obtain
satisfied product through series of process, company could start to manufacture
the commercial product. So cooperation with company will be continued until

commercialization.
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RAt F L. acodophilus, Streptococcus
thermophilus, L. bulgaricus, Bifidobacteria 5< ZdU2~HES 53+ ZH&o

1
gol watsle] glo] o5 Aarel FHE AXL PAY Al TalsHEL
L

32,

[e]

Fastel AR F5EE o] FoE5 Aolgta HuEoh(d, 2004). EI B

ol A ®2]3 Lactobacillus gasseri BNR170] 28 dxx nhg-2~ oA Iy} A3

of A& &3] I A (Yun T, 2009)00A dFol 23] HAFFA(FIA £
=7

b
rlr
S
32

e AR S4S Sola, ded AFA, vt /fdel marh AR
7

7 EaA AR {2 ThsAdo] ks H A7 dth(Velasquez®t Bhathena,

L Em A gl o3k iz

Enterococcus faecium® Lactobacillus juguti= & A7 isoflavones 7+3}3k
FHAEe] 370 nZYAHE Aol nFYAHE FS A 7] juvenile ratel
Az, A4, didol mx= ko] thall A A3 Aol FEurx k] T

3 isoflavone?] AWAA oA 3= AsA Y B s tH(Manzoni 5
2005). ZAF 2g2E 2l Chinese yam< Lactobacillus acidophilus, Streptococcus
thermophilus®}y Bifidobacterium bifidusE ©]-&3to] W A7l AF o= Hu|el H]
R 230 dves 537 A

frol W Aol WMo A H2|s Lactobacillus gasseri SBT2055 59 2] 3l
5 SD ratoll 93k 23} controlol H|d| A leptin 355 32% EFUL
AES] HdstE ATl skl ew, 20099 = ol F ek HRE Fol 45F
wold A3 o FHolA control(EAf+ wof)oll Hl&f A2 FaFo] 23% 3

2
RaL, ARAE 2715 28%, DA leptin 55 36% S WA HIRE FHolA = &
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¥(09. 7)ol W= Abbo] Al 125U AR FFFo|

ZH=EHE AAEZR7 A (Hamad 5, 2009)3L sklvh HS A

QT2 E 200g

i L
S AAY Ao WALe) WAl A Az wlws) 46% Haskm, s
W

th ket ApAe] o) %k @nvt 73}

Lactobacillus¥ A&

12
oM,
=]
of
=2,

2,
o

[o

&S T g9y Add v
A X Z=7A7V QY. Lactobacilli paracasei ST11(NCC2461)& A=
TS AaA 71t (Tanida 5, 2008)= A7+X a7k Q).
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7F Aol A ALkt 4

N F0 IR ARAEL #38 43 L(F7E 2 ZFds 95, A
5 SAAEAT A D FE SR F R0 A Adutel H4E A[E A FH S
MRSHIA] o] A1 Bromcresol purple®} sodium azideZ #H7}3F plateo] smeardt %

37Tl A 48A17F et b =4 colonys ZH7] thE R4 colonys A3t
G =FEYE Yl MRS agarel streakingdle] Ao]Z colonyS triptic soy
agar slantel] 37ColAl 18A17F v st tfs H ST g fo A3str] falA
+ skim milkE $2AIZ F A= A T o] Sojof = 10% A AR F

of eldFE HF F 37CAAM 24X 7 wieFsto] Sad wFE Ak

kv
2
ox

o
=2
e
e
=
2

o)
r >
£y
e
AL

51
Az W SFA] 3A1E oo mAE AlE-S FAISE T bifidobacteria
AAE Bos FdsA £ F F7] gMow 10°~10" cfu/mL &

=2 BS agar plateo] 3|AE A5 100 wE =23+
% anaerobic jarol] gas pakS ¥l 37TColA] 3¥7r 7)Ao 7 wjdedet B3
bifidobacterias= paraffin oile] %% modified BL brothES AF&3e] 37T A
18~24X17F wj%sle] 55 BHB3ATE A 8= modified MRS(glucose—
lactose) (9 &, 201Dl A Festion & A dfe A3 WHor e

AL, 37T 12413F B 24X v Fste] Sad 55 AEsel

fr Ho
I

e
)

g

(BL) broth7} %1 15 mL2] % polypropylene tubesell o] 12A]7F o]ujel w]
AE AEE AAEA A FH o 2 HE bifidobacteria 2] % AN Eg

= 7(
= Aol B =3t AurH o AAEte] bifidobacteria S $F, B

= ’
shgom, AAFE 37T 1247 2 24417 Wgste] SuEl FFEE Aetg

2. | AT o+ F A
7}. Anti-lipase activity (porcine pancreatic lipase©]-&)
Lipase SA &4 2 Lee 5(1993)2] H'Hol wlg}l, Porcine pancreatic lipaseS

o] g3lo] lipase FAAFH AHEE =AU tE p-Nitrophenylpalmitate(PNP) S
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acetonitrile®] 10mM FE=2 59 & Aoz &HS ThA] ethanol(1:2 = acetonitrile
© ethanol)oll o] ZA3A o= 333mMel PNP €995 7H50] A18-3}90 T} Porcine
pancreatic lipase= 5 mg/mLe 52 SHFF9 w9 ALY v 22 5
L= reaction mixtureE YHE©o] 37TCoA 1023 WHSAI AT (Table 3). HHE-

405nmeoll A absorbanceE 5
S22 gAsAY. 474 F=E AlE9th enzymes W blank$] absorbanceZ

Aale] Az MAs WA}

to
OO
il 40%

=43 blankis enzymes S HI =, controlS A&

_l[N'

Lipase inhibition activity(%) = {1-(A/B)} x 100

A ; A 59 absorbance, B ; control®] absorbance

Table 3. The composition of the reaction solution

Total reaction mixture 200 uf

Enzyme(porcine pancreatic lipase) 0.30 mg/mL

Sample 0.1 mg/mL

PNP 0.167 mM

Tris—HCI buffer 0.061 M(pH 8.5)
L. MTT assay

Adrdl 57 3T3-L1 celle]l MEZE=SAS Ul =A SHs7] 98k
Mosmann (1983)2] WHe] wg} MTT assays 33tk 3T3-L1 AXS 1x
10°%cell/well %2 96 well plated] 53+ & 37T, 5% CO, incubatorol] A 2447t
ket o3 WX E A A =5 10, 100, 1000 ug/mL F== 100 ulL® ¥ il
2407 Mk F 5 mg/mLE AxF MTT €95 20 uLg FH7kste] 4417 St vl
o s Al7Asal DMSO 892 100 ul FH7betal 302 ¥ ELISA
readerE ©|-&3&Fo] 550nme] oA A&

el

)

t}. Anti-adipogenic activity =7 (3T3-L1 cell line ©]-&)
3T3-L1 AlxoF BH2 Hemati 5(1997)2 WHS
Adipogenesis(A A 83} =4S 3T3-L1 cell lineg E3A7] AH=4
(adipogenesis)= fr=dte]l SAZE Ao H7E7F A=Al vl dFS S48
= WY o 24 pre-adipocyte A E] 9] 3T3-L1 cellell dexamethasone, 3-isobuthylmethy
-l-xanthine 2|1 insulin® 2 A zZ]s}e] cell®] +3}(differentiation)E fx=38H

o
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PPARy &9 AWdAAHZ AAES @do] dojya Fx2o= Axre] Axu
=2 o] o]FojXt} A H o w2 3T3-L1 celle] pre-adipocyte 7]13+& E3Hste] 9d
Qo] A Hke] ZAo] dojyr olF FAH AWFE Oil Red O §do 2 FE351a1

520nmoll Al FYEE =AHJozA AFEY A=A HAEE =439 (Ramirez-

Ly
wel - AdE 2 5= MRS Al A oA 23] o] Al wi%fste] 24E

5 L3tk e T4 Hammes 5(1992)2] ®Hol 2]slo]
Al e FYE 7= Gram@ A, EAARAE, 714 B @714 A,
Catalase A, 15C % 45T e AH, glucose=Z5FE 7}~ A, arginine & =5
ammonia’ A, @dAwv7d A2} Lactobacillus & API 50CHL Kkit(API bioMerieux,
France)Z, Streptococcus & API Strep20 kit & o] &3dlo] 3 g AdS A4
stth. #Ate] DNA sequencei= universal primer 27F(5'-AGA GTT TGA
TCC TGG CTC AG-3)9 1492R(5'-GGT TAC CTT GTT ACG ACT T-3)&
AFEE e solgent EF-Taqe AF&3te] PCRE AAAT SEH34d2> 95T,
15 8 £ 95T, 20%; 50T, 40%; 72T, 1+ 30x=E 308 Aldstyom 72T, 5
o= niy gt AL LS PCR productE solgent PCR purification kit=
purify 3t ¥ ABI 3730XL DNA sequencer® =} %41 a9lt}.

kel B A, pHE 574 6}04 A1 ME}. AEFE 10% AR F

& 1 drop HF3 $ 34T, 37T, 40CollA 3A17F ZF
Ao R ANT7A W% ZF AJEE 0.1% peptone& Nl 3 A& BCP plate
count agar ¥l A o] =7 F 35Tl 48217 wjFate] A, &% 9
AR pH W3S =Ascr oyl pHE pH meter(Mettler model 345,
England) 2 =73}t

L A A AlE
FAA WA A2 MRSHA Ao 7} 55 HEske] 30Tl 18A1%F ui
< 0.1% peptoneg& Aol HAAHFE=Z 3|5t Zt AV 72 sEEE

tryptic soy AA o] 10°~10° cfu/ml o2 HEso] 30°Col| A 4847t

o2
r%'ﬂ

ot
4
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HjoFet & SQtom st RS AR FAA HAFSFHS 26 A

L=} % £ & MIC(Minimal inhibitory
Sigma Chemical Co.(USA)Z Y-E
7t A A= Amikacin, Gentamicin, Kanamycin, Neomycin,
Streptomycin, Penicillin-G, Methicillin, Oxacillin, Ampicillin, Bacitracin,
Rifampicin, Novobiocin, Lincomycin, Polymyxin B % ChloramphenicolE A] 3 |

g3kt

o 24agd MY

MRS A A=A el A 30T, 1847t&E
10°~10° cfu/mL %9 A8g 2AF F APl ZYM kit(API bioMerieux, France)
£ o83t 30ToNA HARE wiket vy EANS AFT 2484 2EAY
¥ E wuste] 0~59 FX=2 FAFF o, 2T o]9 e alkaline phosphatase,
eterase(C4), esterase lipase(CR), lipase(C14), leucine arylamidase, valine
arylamidase, cystine arylamidase, trypsin, chymotrypsin, acid phosphatase,
naphthol-AS-BI-phospho—hydrolase, a-galactosidase, B-galactosidase, B-
glucuronidase, a-glucosidase, B-glucosidase, N-acetyl-B-glucosaminidase, a

-mannosidase, B-fucosidase T4 9 A4S =AY}

gt WeEs4d 49

Gilliland®} Walker(1990)2] wWH e we} MRS HAHf =] o] A 37T, 18A7F ul
¥ #FZ= 0.05% cysteine©] ¥ MRS HAu Ao 0.3% oxgalls 7}l v A
of tEFEA oxgalls FH7FeA & wiHdl 77t 1% HESFATE 37T
incubatorol| A1 7TAIZE74A] @ 7]vfFetH Al AlZF M2 BCP plate count agar 3 ¥l
A o] w7 F 37T A 48A1%F @ dste] AlEg

uh, pH WA 429

Clark 5(1993)2] ¥Wel wel 37% HCIS S/l 430 pH 1, 2, 3893 of
Z424 pH 64 €9 Axsda, AZxE pH &4 10 mLol 0.05% cysteine©]
Shrel MRSHYA IR A 37T, 24A17F wlgE 2] 58 1 mLYS 42 %
37CoAA wiFetdA 0, 1, 2, 3XZF F¢ S 37C, 48A1F A7) vkt v

Al =3}
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i

v, gy A%
Gilliland¢}  Speck(1977)¢] ol wel o= S ARES A AEQ]
Escherichia coli, Salmonella typhimurium 2 Staphyloccous aureusy =2 %A

THo g RE EgHtom XAl FAwIRA 2 A Escherichia coli, Salmonella

o

o]

et

typhimurium, Staphyloccous aureust nutriunt A 8] =] oA Z7]|X 05 37T, 24
AIZE wetdh. Sl R tiEatell ARSE WA= MRS A A=A B4kt
I AATEE A4 FEFste] 37T 2447 wiFEkdn A Eu R 2= A
Escherichia coli= EMB agar, Salmonella typhimuriume Bismuth sulfite agar,
Staphyloccous aureus © Baird parker agarE Ab&3dte] 37TColA 641t v &3k

o gakte] @ AN edAge el Ho oy

( Hx=ae #5 CFU/mL) - (E3 ¥ 59 ¥4 CFU/mL)

% Inhibition =

Zrdt ¥ A 3548 9AEE 7] (Domoe Co., Japan)E 16,000 rpm/min
o2 3I|HAA cell paste HElZ 353Ut FAB I A ZA glycerol(50 mL) +
polydextrose(25g)(Food grade, Samyang Co., Korea)o. & wjaalo] 10% 3+ ek
500 mLell #H7F3F & 121 Col A 58-3F "Witdte] Wzkstdth d 7ol cell paste
5 150g #H7Fstal -45C=2 543 ¢ s471x7](Freeze Dryer, 5283 50kg,

=
Operon, Korea)ol A Wd7] &% -50C, WEHd 2% -20C, &4 mtorre

73
o 5] 7Ax3te] FD cell powderg Al &3kt dFSHAHES sl 10% €A+l
FD cell powders 0.1% H&3st & 40TColA 18AIF vl st ths oAl 10% EA]

o]
150 mLel 1 drop &S § 3AIZF HA o= 24744 wjgst 72 AR5 01%
peptone-& o] 3]43}e] BCP plate count agar ¥ ol 4 =
A w kst AlEsida, AE R pH WEE =Asdv. ojul pHE pH
meter(Mettler model 345, England) %= =% 3}t

1z
2

=
H gk A Fo] -3 o7 MNAE Lactobacillus plantarum Q180 2]

=
Wigzae HAstslr] st v o] AP AAeit &d 24/
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(9%, 10%, 11%), Wl F==(34C, 37T, 40TC), ¥l Y¥AIZH21 h, 30.5 h, 40 h)¢] 37}
A HPFe) s At on, FHWSE = pHe Anti-adipogenic activity,
Anti-lipase activityE AA3A . SAH 2= MINITAB statistical software
(Version 13, Minitab Inc., USA)E A}-& 3}t

AL FATAAA Y (Central composite design, Box and Wilson,
1951)S Agsdt. ST Ze duady nastAR e

(T, Xo), WEFAIZE (h, X3) & AAstArt. s€y¥iTo T4 @ W
v quAdE S agew AAgEHJen, -1, 0, 1,9 37HA TR Fostedt
TEMSE2 = pH(pH, Y1), Anti-lipase activity (%, Y2), Anti-adipogenic
activity(%, Yo)= A A3 o, lipase®t adipogenic & Al&9°] 7F4 =3 pHE 44
5 FAlo wEshE HASE A A B4 ZE vgo® wkgad B
d AS FEta bW 1@ Z(Response surface plots):= Maple software

(Version 7, Waterloo Maple Inc., Canada)E ©]&3}o] 3ard o2 el A T
6. TENHE FE5A

7h. gkelof 3}

10% SF Aol Lactobacillus plantarum Q1802 1% % Z3&}al 377 ol A]
pH 440 =e3 w7t wigAA Ao TFEAES cut-off 10,000 dalton®]
membranes FZ3F oyt FXZ 10,000 dalton ©]AHe] EE3} 10,000 dalton
olgte] FE oz Estil o]z thAl 1,000 dalton®] membrane® & o] o] 23}
o] 1,000~10,000 dalton®] &3} 1,000 dalton ©]sle] FFo= EEsta Ads=

T g5 d 1x3to] peptides Al %33

L}, ODS AQ columne®ll 2]3%F reverse-phase chromatography
kel 2 FE3k peptides ODS AQE FX1g column (26x300 mm, Vt :
1,860 mL)o. &2 - AASAL. olu &FNS water?}t ethanolS ©]-&3FA 1, 75
< 1 mL/minZ &%FA17A 10 mLA #3382, 215nm, 280nmoll 4] detectiond}
sAAzSA .

2
al, 7t peakE Rol s 5 %

of
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t}. Vydac C18 column®l 2|3} reverse-phase chromatography
ODS AQ column® @ ¥ &3l peptideZ vydac column (10x250 mm, Vt :
196 mL)e &2 FAAG . ol &4 01% TFA in water® 0.1% TFA in
ACNES &v2 3}9] gradient A AT 5 2 mL/ming £=A17

2 mLA &3kl ew, 215nm, 280nm Z A detectionstil, 7} peakE Rof ZF

2}. Superdex peptide HR column®ll €] 3} reverse-phase chromatography
Vydac C18 column® & + 83t peptideE Superdex peptide column (10x30
mm, Vt: 24 mL)& o] &3l R gAsArt o w &F9-E& HPLCE waterg ©
L3193, 52 05 mL/ming £=A1A 1 mLA 3 3921, 215nm, 280nmell

A detections}il, Z} peakEs HoF Y= & ¥ FAAZSA T

u}. o}u] = AF vf <& (amino acid sequence)?] 2
g foa Eadk peptided ofnx=AF vld  EAS Procise TM(Perkin
Elmer, protein sequencing system, Foster, C. A. USA)S o]&3}th. #2414
Bio-Brene?}-& A& dlo] standardE F43 ths A5 20 uLE Ab&3ste] E43H%

.

v}, Anti-lipase activity &4
AEgsAAZzste] dojzl H3FES Porcine pancreatic lipaseE ©]-&3}o]
lipase XA HAES =AH3A 7 vkgdaS 99 o & FEE reaction
mixtureZ (Table 3) THE0] 37CAlA 10&7F ¥H-8-A1Z1 £ 405nmel 4] absorbanceZ
A5kt
Lipase inhibition activity(%) = {1-(A/B)} x 100

A ; A 89 absorbance, B ; control®] absorbance

gk Al so] 943 Fow AAW  Weissella sp. F22 (107 CFU),
Enterococcus faecalis MD366 (10° CFU), Lactobacillus plantarum Q180 (10%, 10
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CFU)¥ 5%+ Lactobacilli MRS broth (Difco, USA)o| A 37C, 18417 wjokslsl o
ik & 15000 rpm oA 15 #3F YAEE S & A= AASE SHFEZ A W
o Al H"ste] Holl= MRS WiAIE AAM FAG. AHS dA= A ET

(0.9%)ell &4 ako] FH] 33T

o AfdME 6539 CH5/BLE] w25 BFYE vlo] 2E/(Seoul,
Korea) 2 -8 F-jsto] 1530 A3A171 5 Aol A&ttt A7 7|zF T
A eEE 2042C, FEE 55£10%, Wt 12417 FU1E A% %

Ay F=2 1570 A Aol Fo Gyl Azt Y woew FEeks
Ao AaAeli(A; n=6), nAWAo] UET(B; n=6), LA A=
HAAZIH AT ABT-3  (CHR  HANSEN)S]  #A(10° CFU)E

A AE09%)0] A ste] ATEE (C, n=6), LA Ho|Z HHAA I L
plantarum Q180 F#A(10° CFU)E A A H509%)0] 4 ste] HFFo g
(D, n=6), LA Aol MHAANINY L. plantarum Q180°] A (10° CFU)E
A A A509%)0l B8t AFFe F(E, n=6), LA Aeols HHAIH
Weissella sp. F22¢] #A(10° CFU)E A2 @50.9%)9l 34 8te] HFE g
Z(F, n=6), AL 2ol= HAANINW E. facalis MD366° (107 CFU)Z
A A A50.9%)l B|Aste] AFFE (G, n=6)2F T3

=3 AlEs AR Ro]l AFAAFH LW, Avd Buols AeAATE, YA 2
ztzkol 3t 84 A aFol @A ArFe ATh25 yg/g bodyweight).

AP A2 ol2 657 HIRES FEstla, A AREE A ol=
34.3%<] A, 27.3%9] ©3HE, 343%<] @WAR FAE ] 51 keal/ge I #HE
ulH, adAels 42%9 AW, 64.7%9 ©8E, 186%< @A FAE 37
kcal/gel E#HS Wty AAgE 2AH|E= Table 49 2ok 2 AFoAMe RE
T=2 Soigtn oI A FESI YY) (nstitutional Animal Care

o=E= g % 1
and Use Committee, IACUC)2] <<l &}oll 4=3 3} t}.
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Table 4. The Formula of normal diet and high fat diet

Formula &/l
Normal diet High fat diet
Casein 210.0 265.0
L-Cystine 3.0 4.0
Maltodextrin 50.0 160.0
Sucrose 325.0 90.0
Lard 20.0 310.0
Soybean Oil 20.0 30.0
Cellulose 37.15 65.5
Mineral Mix, AIN-93G-MX(94046) 35.0 48.0
Calcium Phosphate, dibasic 2.0 34
Vitamin Mix, AIN-93-VX(94047) 15.0 21.0
Choline Bitartrate 2.75 3.0
Food Color 0.1 0.1

THA RS #FS B4 fste] A 65 vhAEEe] =4 6klal, DNA
FEst7] Aol -80TCel H#AstAo wAdE FEFS EA5H7] flste]  genomic
DNAE AlzAke] A Aol me}l G-spin'' Genomic DNA Extraction Kit(iN(RON
Biotechnology, Seoul, Korea)g Al&3te] R Fo FHAIRZHH F=3H3Th
FZ% 3% DNA+ bacterial 16S rRNA gene® V1olA V3 hyper—-variable regions<
EFAl primer (V1-9F: 5'-X-AC-GAGTTTGATCMTGGCTCAG-3" and V3-541R:
5-X-AC-WTTACCGCGGCTGCTGG-3")& A&ste] FH3tt & AFoA+=
7-117}A] base pairs® HFFZE=E A3 16S rRNA genesS 5337 93819
PCR< universal primer 8F¢} 338R=Z 33ttt SZ3AHLS PE2400 termal
cycler (Perkin-Elmer, Norwalk, CT, USA)E o]&3}e] 95C, 1205 3 % 95T,
20x; 58T, 30x; 72T, 30x=& 353 AdstR e, 72T, 10402 vt sttt
Aqd B2 PCR productE QIA Quick PCR Purification kit (QIAGEN, Valencia,
CA, USA)Z purifydt & A AFBAY EF A% Genome Sequencer FLX
(Roche, New Jersey, USA)S °]&3lo] F43F%th Pyrosequencing® 16s rDNA
Z7re]l dol= 118 HE 528 base pairs, Hir Zo]= 472 base pairs®] ™,
Pyrosequencing H|°]H = ERP000935 W &2 EMBL SRA databasedl A 2]3&}%3t}.
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gh AW APTET Asiad
sprague-dawley = 7 1vtg] & 28871 05 mLe @&
Bl g 5 AR Ao Shebajd o ® SAIZMEA] A EEES]
rpmol A 153 94

| 0
g & 4S5 BEyste SAAEE ARES 2 dA 9] AA 2 lipoprotein

2.0 mL
e

T 4\1 Jo
M rlo

S48t A7 A d¥dTsd A
1207 AAAZ g ehellA A" F AF gEednh A¥d g SaEE
A& WA 98t &aA tubedl ol ice bathell 202 WA stk A A
2 3000 rpmell Al 1027F A4l EElstel @F S st Al Argstr] A7t
A WART 3 5 A2 (Yong-In, Korea)oll ¢ ste] B3¢t &A7)= A&}
of AYPANAFE AHI T ARAR FES AAsL AFeA. dTAA(TG,

["-E o
z

e,

off

ki

HDL, LDL)¥} €%
sk} 495}

L7 FAAST, ALT)E 54224 A o2

718 &743t7] 98] Hirsch ¢ Gallian (1968)2] "+ ol

& 10% formalin®.® A3 ¥ 250 ,me YdE I
S AA F PBSE Al A 9A3] A7
sttt 1" 24 FAAAVIE ol&ste] 18 ymeE AW glown, H&E
(hematoxylin and eosin)A| ¥ Ml o7 XA EE Mg H(van Goor 5,
1986). 94 % 60% isopropanol 435t gk 5 dn slelAq fXxdE 7
S o] gdte] olmAE FASAY. AWAEY A7l & $18 Image ]
Software (National Institute of Health, Maryland, USA)& o]-&3a}o] *]HA| X 9]

474% 939k

&
>~
Y
ox
do
BN
iy
I
L
rlo
BN
i
il

o
o,

8. HA wMgzAHE ML R FAF ol & AT AdT 23

1=1n=]
A EEA

kel AANAL 15 g3 22 FeleS ¥, 106£1C <] Ax7](Ciculation
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air cool strilize oven, Seoul Scientific Co., Korea)ol| A 3dtsFo] = uw 7}x] AZx3%H

+ HAAlolE o] Wste] FAE M T AR °F 4 g5 A Hof o HF
of ¥ FEFAAA HEES HulE Aol dodA Jtdeglth Y F7
S TEAZ F ] dxT] &A A AxA T AHFES Ao HAA o]
goll 307t Wlsta FAE AAG. o] £Ae o wHESal whRIke]l

Ztel7h + 1 mg olst7t 2 wWE HAFFAZ Ak

2) HANE

T= 7F2% 5 A5 9 goll 7 18 mLE
0 £ #H7Fgk v 0.IN NaOH-E o

0.IN NaOH # 4 ®(mL) x 0.009

AR (B A%) = : o x 100
Al & B9

ANES AdZ m7)19 H7A o Y3l pH meter® =439t}

eSS

173k 99 mL FJ=E el ol 72 <t 30cm

4
a
lo

Ag 11 g& ¥

WA o 258 Al E5ol
of HANRE Hol 3TN 4847 WFE the WA Gl

=
= & AW oz 314351 BCP(Brom cresol purple)

AFe oA FRAFATUN ATAER Ao, AF A,
b 227 FEAANEE D FYAE 94 s HEWor AAsle] O AE
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2 ARE wafe #eEd YUY
2 ARE AASHA & 97 wbdo g ofgel HubrlFEdd whel v & dsh

of W7hate] FA17] vt

ik e Fuh 83 tds] Foh THIET R Fu 659K Fh

o

i

SRAFAE SAE vk 43t o 33iEEow &b 23] &

14952 4

>,
ol
'L
fol
2z,
o
4,
BN
X,
o
of\
ot
iy
~N

BEIETER:

71ere A
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HA g BRA% 2uE Axs AAstel dEstel Aqstat

1) Lactobacillus plantarum Q180 W=7l
2EHE dF Adtsted Aget AduiA 2Agdv] AdoEA AL
Lactobacillus MRS 8] ¢} 7}A o] Axdst s @Ardoz st 4G A

=
A e zZAst BAFES vwsgdon, 5 L Double fermenter(Ko-Biotech)E 9]
H

e =dAzen, dg4< yellow zones sk HEa Alshiltt
AT +2 L. plantarum Q1809 ASEEE A4elal 3500rpm (Domo  co.,
Japan) o= YAl EElsto] wiA oA v e Aol MEE 37T

2) FAAx 2=EH
L. plantarum Q1805 33] o] A ¢S Fotod £9& EAAT. A
WS 935kl 70 L bio-fermenter (Ko-Biotech Co.) AlZ=®le]l MRS broth 50L&
121TColl Al 1523 Eetal 38CE Wzhst & L. plantarum Q1805 18A]%F vl gt
Lactobacillus MRS broth 500 mL& WA e] ste] La®aed FHEFsoh
Fermenter®] Wl¥2%+= 38+05C%E 243, viA+= 40rpme =2 94vHsHA
ugketATt weF 5 owiAel AhAe] IS shAl @gkth 2.0 NaOH =+ IN KOH
SRS it d reservoirel| YA ¥R & pHZF 560 o] A HEE 3
L. plantarum Q1805 Wl 24A1zF ool AxE 338ttt 70l Bio-
fermentorell A i 24A1%F wio] =5 12CE Wyzste wYds &
dag Ao At Ad A8 AR o]Fakslrt. AlE3]
A AE3FE AAEE 7] (Domoert Co. Japan)S AF-&3Fe] cell pelleto
Atk -50CE 48t 5 AX dFd olgd 3t AMEES ol A
o]7] 9lste] FARIAE AHYstArh THARIAZA Ak A EF(SMP) e}
FxA FH(SIFMP)s A A 3ste] Table 59 o] &3sto] 121TolA 5&%F Hitst
of Wd7}3ksl
SAAZE L. plantarum Q180 el IS 4TCo] Wg2TolA HAs)

il
47, 8F ¥ 7ol MRS agar plateol| ] Ad+E S5t REFZS AL

kil
ol
R
|
(e}
X
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Table 5. The confrication condition of Lactobacillus plantarum Q180 culture

A7
~ElE o Cell Paste TARSA
MRS broth  SMP/SIFMP
FD-A 53.25g New MRS+SMP 32mL 58.2g
FD-LPL 53.25g New MRS+SIFMP 32mL 58.2¢g

3 8TE2E W B A T Hg
Table 63} o] @7 2E WwF 7524 CHR HANSENAMS] ABT-4 Z~E}E]
o} L. plantarum Q180 A% @& TR 50:50 Hl &2 EFe A 7479
TFE 27 2E Ao FFant. Ba Ao zAE Table 73 o] 3o,
Table 83 2& F4E& AA AZsA AxH F 3F2 QF2E Hlojx i

J+~~ A71s QFEZE A8 E Wit ZHolEo 21 BCP st wjAE pouring 3F

Table 6. Treatment of strain for yogurt fermentation

e HEv & HEH
(MEFH,%) AlEA A 2B
L. palntarum Q180 @& A7} 0.1 0.92g 1.00g
ABT-4 5 @537} 0.1 0.95g 0.97¢g
=3 =7 0.1 0.49¢g+0.54¢g 0.51g+0.54g

Table 7. Compound of fermented solution

g oA =
AEd F A8 &(%) A7 F
SRR 95.0 950
2] & - (SIMP) 49 49.9
GA T B 0.1 0.1
A 100 1,000
Z A=A

dgdzA 65T 7Fs ¢ 200 mLodl @A 2F 50gS H7tste] &3lAI7l §
5 e
AT :121TCelA 287 dA-gE g
A 37 AYTE £Hlste] 47 0.1% % A
CHR HANSENA}S] ABT-4 2~EBHE o=

Caiae
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L. plantarum Q180(LPL) 2% ¥ 23 ABT-4 ~EH 1112 &3
L. plantarum Q180 3 Z27A4% % &
vl 38T A 12~18A]7F w3k},
AR EF D ST EZE wjgdof ofle] dExe Fol FF % AHAAFE HIsh
Alg o =4
A 2 ¥ =9 (%) A7
Sl T 59 42/700
=9 24 17/700
A F 95 66/700
A A 1.2 8.5/700
Al 19 132.5g
Table 8. Yogurt manufacturing
Az & Az H&
Adg=gt 19:00
e
A
Al ZE
Al 2} 19:00
e
=5 19:28
NE 19:28 85C
Akt
TR 19:45 17+
Al 2} 19:48 %
w2 38T
TE 20:05 178
e
z= ze HZ24d% LPL
2~ E}E) ‘ , ABT-4, F
Al ZF 20:05 3 ok
Al 2} 20:05
gk 5
TR 20:10
K 20:10 -4 Z3)
o3 o | ABT-4, EF18A13}
=5 (+12)14:10 | LPLZ=EH




A2 14:10 eF 2o %
W7 | f+ 5 % 3C
TH (+1€)11:00 YL
A2
A] 2}
ol u] A A
*=

9. Bt A &% 79

Western blotting *'H-2 Rhye 5(2014)2] WS <kt ®ig3te] AFE3FSth A
Wakakstel] #edstE PPARy, C/EBPa®]l mRNA @@ ko] nlasty] 98k A4 %
o] gMAS 10~12% sodium dodecyl sulfate SDS)-PAGE®] @3 3% PVDF
AolAZth @uld Hol¥ membraned 5% skim milkE 2] &k
M2 o] )3 blockingS 2 Alstal, C/EBPa, PPARy, B-actin tH =
FAE 4TolA stERE 242 whg At TBS-TR Al - g Fof Zhzhe] ol
W8 &to] ECL AloF& A#éto] X-ray filmel 73

membrane 2.

T o
X

NERER

R4

E(Seoul, Korea)oll Al &% wrol AL&3FHTE A5
ATV = 12A1te2 2HEH L, 17U A3 F5Az2 & B3 Ag2 o]

(Table 4= A& AFst=S sl AL F 6002 AdS A3 U
)
o

PN
T a T

ol ABT-3 (CHR HANSEN)¥ ¢} Lactobacillus plantarum Q180 #+% &

st ket W EFE AT T (C), ABT-37F¢ Lactobacillus plantarum Q180

fFsta 7FEAIYol R AolE H7Mg HafE ATFos (D),

(=TI
N
il
(ol
EI;{J
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AT dFdoll 3 A 22 Az SAsAL, A Hole ARrEA A

%)
Aot st dFdite oA Fe FA4sAT. Hola&FER)2 ATT7t

"ol B 9 ] RA 23
B RAE AYERY A 1247 AYAZ g A A" F, 4F @
ook ARE b SuHE AL YA Aol WA wheol ol ice
bathell 20& % sttt AHE A5+ 3000 rpmeol A 1023 ¢4 F2lste] A&
A

ws AlAG
sttt dFA A (TG, HDL, LDL)% ¥F o s FA(AST,
ALT) = SAAREA A olFste] A8t €% % leptin¥}  adiponectin
R&D system A} (R&D system, Minnesota, USA)2] quantikine ELISA kitE o] &
sto] A ZzAbl A AAIGE el mel FA8E T Adiponectin®] HEW 9= 0.062
~4 ng/mLo| 2™ leptine®] AZHE 0.156~10 ng/mLo] At}

=
i)
off
L

11. 3AA

AT A9 Ade Agad oy xFHAE ALeEda, SAS V8 =
23 (SAS Institute INC., Cary, USA)S ©]&3}l4 one-way ANOVAE 2 A3k
T p<0.05 =4 Duncan’s multiple range testoll ¢]&to] z} A&+ =7k

o frelge Agstenh
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A 3d dAF+A3 E uF

AYE AR, A
2 AAs

st platel] smeardt &

- EL

5 SAAAAT A, BE THEAAAI DA Aol Bad
MRSH|#] ol A Bromocresol purple®} sodium azideE #
37CAA 48A17F wiekst ths =24 colonys ZH7] & E 49 colonys At
A1 =FEYE Y MRS agarel| streakingdle] o]z colonyZE triptic soy
agar slantoll 37ColA 184t v &kslo] 122271 55 23ttt Fafo 4
&3 #FE Bt 918 skim milkE S LA Z holof st = 10% $Hd
SA o BeEdFE JEF T 37ColA 1827 F 24X %F wfgstdar, o o
SaE F7F 5987 ol A Th

et
ZJ_Iz
N
—_
ol

A o

cHTgHY 2 AN A Aol A A kel 328 o] o
SAL 3AZE oo P E S AASES
| £3F F @7 g9z 10°~10"
cfu/mL F7FA 843 & nlg] w50 %S BS agar plated] 3|4 ® Al 1004l
£ =3 ¥ anaerobic jardl gaspakS Wil 37CoAA 3U7F 7oz ujgstA
t}. 29 bifidobacteriai= paraffin oil®] $%%¥ modified BL brothE A}-& 3]
37T 18~243F wjFste] 437 w5 wasdth. 24w F8= modified
MRS(glucose—lactose)oll A st om o g2 dfolA sk Wiy &
AsHA ko] 8670 TFE FHHATH

v}
o,
o,
i
(g
o
x
>
Bt
i
&

owiRY T8tk

rot
Al
1>
i
r o
-
o,
o

g,
N
L
AN
=2,
>,
N
o,

19

I,
o
o
WS
\§

%)
Lo
M

S AR AFHFE EWH o ZRE bifidobacteria £ 2
Aol Byl =k AUl oz A AEe] bifidobacterias 5271

B ar, Aakte 18705 =3 3 tH(Table 9).
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Table 9. Lactic acid bacteria and bifidobacteria isolated from raw milk and feces

feces
Strains Raw milk
infant adult
sample number - 32 47
MRS media isolated strain 1,222 86 187
10% Skim Milk coagulation(24 h incubation) 598 - -
Bifidobacteria strain - 43 52

oo BQl 5987Hel EHelA g 2

anti-lipase activity 28-S A A3 tH(Table 10~17).
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Table 10. Skim milk coagulation and anti-lipase activity of strain isolated from

the raw milk of middle Kyungki province

skim milk skim milk

anti-lipase anti-lipase
sample 18c§)lagulat1;)z h activitg(%) sample 18C;)]agulat1;)z h activitg(%)
A-1 + 30.16 A-41
A-2 A-42 + + 57.25
A-3 A-43
A-4 A-44 + 16.39
A-5 + + 63.71 A-45
A-6 + + 62.09 A-46
A-7 A-47 + + 39.41
A-8 + + 49.39 A-48 + + 41.97
A-9 + 31.67 A-49 + + 26.10
A-10 A-50 + + 53.62
A-11 A-51
A-12 A-52
A-13 + 21.09 A-53 + 30.92
A-14 A-54
A-15 + 30.46 A-55 + 17.46
A-16 A-56 + 29.51
A-17 A-57
A-18 + 29.85 A-58
A-19 + 36.47 A-59 + 21.20
A-20 + 28.44 A-60 + 22.48
A-21 A-61
A-22 A-62
A-23 A-63 + 30.58
A-24 + 23.21 A-64
A-25 A-65
A-26 A-66 + 10.28
A-27 A-67 + 27.11
A-28 + + 61.42 A-68 + 13.67
A-29 + + 64.68 A-69
A-30 A-70
A-31 A-T1 + 30.27
A-32 A-T72
A-33 + 19.86 A-73
A-34 A-74
A-35 + 16.38 A-75 + + 55.63
A-36 A-76
A-37 A-T7
A-38 + + 21.94 A-T78 + 20.82
A-39 A-79
A-40 A-80 + 22.37

_50_



skim milk Lo skim milk L
sample coagulation ant.l—.hpase sample coagulation ant.l—.hpase
18 h o4 h activity (%) 18 h o4 h activity (%)

A-81 A-121 + 30.84
A-82 + + 23.52 A-122

A-83 + + 31.64 A-123 + 21.55
A-84 + 30.25 A-124 + 3.28
A-85 + + 52.79 A-125 + 30.79
A-86 + + 66.51 A-126

A-87 A-127 + 26.04
A-88 + + 51.71 A-128

A-89 + + 40.34 A-129

A-90 A-130 + 22.07
A-91 A-131 + 19.74
A-92 + 5.21 A-132 + 16.00
A-93 A-133

A-94 + 21.08 A-134

A-95 A-135 + 9.05
A-96 + + 22.30 A-136 + 3.00
A-97 + + 47.89 A-137

A-98 + + 29.10 A-138 + 14.73
A-99 + + 31.00 A-139

A-100 A-140 + 19.08
A-101 A-141

A-102 + + 61.83 A-142

A-103 + + 63.49 A-143

A-104 + + 60.85 A-144

A-105 + + 41.02 A-145

A-106 + + 57.44 A-146 + + 61.55
A-107 + + 53.61 A-147 + + 30.28
A-108 A-148

A-109 + 19.43 A-149 + 12.66
A-110 + 10.52 A-150

A-111 A-151 + 26.83
A-112 A-152

A-113 + + 55.29 A-153

A-114 + 22.61 A-154 + + 2711
A-115 A-155 + + 58.79
A-116 A-156 + + 30.56
A-117 + + 55.86 A-157

A-118 A-158

A-119 + 18.47 A-159

A-120 + 10.94 A-160 + 27.08

_51_




skim milk Lo skim milk Lo
sample coagulation ant.lihpase sample coagulation ant.ljhpase
18 h 2% 1 activity (%) 18 h o4 h activity (%)
A-161 A-201
A-162 A-202 + 16.39
A-163 + 22.19 A-203
A-164 + 16.08 A-204 + + 40.32
A-165 A-205
A-166 + 10.67 A-206
A-167 A-207 + + 20.94
A-168 A-208 + + 53.09
A-169 + 13.13 A-209
A-170 + 21.67 A-210 + 21.48
A-171 A-211 + 9.31
A-172 + 19.83 A-212
A-173 A-213 + + 56.59
A-174 + 20.94
A-175 + 8.27
A-176 + 19.47
A-177 + 550
A-178 + 16.73
A-179
A-180 + 22.26
A-181
A-182
A-183
A-184 + + 58.10
A-185 + 16.73
A-186 + + 31.02
A-187
A-188 + 20.31
A-189 + 20.69
A-190
A-191
A-192 + + 65.23
A-193
A-194
A-195 + 5.58
A-196
A-197
A-198 + + 57.25
A-199
A-200 + 40.31
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skim milk .. skim milk Lo
sample coagulation ant_l—.hpase sample coagulation ant.l—.hpase
18 h o4 1| activity(%) 18 h o4 1 | activity(%)
B-1 B-41 + + 38.05
B-2 + + 54.78 B-42
B-3 B-43 + + 54.73
B-4 + 17.08 B-44 + 30.28
B-5 B-45 + 58.19
B-6 + + 54.77 B-46 + + 40.29
B-7 B-47 + + 36.07
B-8 + 48.62 B-48
B-9 + + 26.50 B-49 + 31.22
B-10 + + 54.00 B-50
B-11 + 56.55 B-51 + + 25.39
B-12 + + 40.29 B-52 + + 30.30
B-13 + + 36.05 B-53
B-14 + + 31.20 B-54 + 19.82
B-15 + 6.34 B-55
B-16 B-56
B-17 + + 33.25 B-57 + + 55.42
B-18 + 21.76 B-58
B-19 B-59 + + 50.45
B-20 + + 57.34 B-60 + + 41.23
B-21 + + 41.80 B-61
B-22 B-62
B-23 + + 59.83 B-63 + + 52.83
B-24 B-64
B-25 B-65
B-26 + 30.59 B-66 + 16.08
B-27 + 21.22 B-67 + 21.69
B-28 B-68
B-29 B-69
B-30 + + 59.02 B-70
B-31 + + 56.18 B-71 + 32.10
B-32 + 52.76 B-72
B-33 + + 31.29 B-73 + 22.96
B-34 B-74 + 13.21
B-35 + + 52.95 B-75
B-36 B-76
B-37 + 30.92 B-77 + + 28.45
B-38 + 57.84 B-78
B-39 B-79 + + 35.49
B-40 + + 53.98 B-80 + + 29.31
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skim milk L. skim milk o
sample coagulation ant.lihpase sample coagulation ant.ljhpase
18 h o4 h | activity(%) 18 h o4 b | activity(%)

B-81 + + 40.46 B-121 + 17.15
B-82 + 13.60 B-122 + 13.00
B-83 + + 36.06 B-123

B-84 B-124 + + 21.03
B-85 + + 39.00 B-125 + 19.35
B-86 B-126

B-87 B-127 + 9.28
B-88 + + 42.30 B-128

B-89 B-129 + + 33.10
B-90 + 31.33 B-130

B-91 B-131

B-92 + + 54.45 B-132 + 20.76
B-93 + 11.08 B-133 + 30.18
B-94 B-134

B-95 B-135 + + 49.63
B-96 + 10.64 B-136

B-97 + 11.95 B-137

B-98 + 2391 B-138 + + 54.99
B-99 B-139 + 22.07
B-100 + 29.06 B-140 + + 19.52
B-101 B-141

B-102 + 9.37 B-142 + + 56.31
B-103 B-143

B-104 B-144 + 10.33
B-105 + 15.39 B-145

B-106 + B-146 + + 29.54
B-107 + + 47.96 B-147

B-108 B-148 + 40.81
B-109 B-149

B-110 + 10.28 B-150

B-111 B-151 + + 63.35
B-112 B-152

B-113 + + 28.30 B-153

B-114 B-154 + 15.09
B-115 + + 30.59 B-155

B-116 + + 29.10 B-156

B-117 B-157

B-118 + 22.05 B-158

B-119 B-159 + + 31.39
B-120 + 14.69 B-160
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skim milk - skim milk N
sample coagulation anti-lipase |- o coagulation anti-lipase
18 h o4 h | activity(%) 18 h o4 1, | activity(%)

B-161

B-162 + 3.31

B-163

B-164

B-165 + 5.54

B-166 + 10.91

B-167 + 29 47

B-168

B-169 + + 60.99

B-170

B-171 + 20.67

B-172

B-173 + 20.64

B-174

B-175 + 19.88

B-176 + 20.04

B-177 + 15.76

B-178

B-179 + 5.31

B-180

B-181

B-182 + + 66.41

B-183 + 33.99

B-184
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Table 11. Skim milk coagulation and anti-lipase activity of strain isolated from

the raw milk of western Kyungki province

c%gé?ﬂgﬁg% anti-lipase cs(gg%ﬂg%%{n anti-lipase
Sample 18 h 24 h activity(%) Sample 18 h 24 h activity(%)
C-1 + + 58.27 C-41 + 22.07
C-2 C-42 + + 31.13
C-3 + 16.73 C-43
CH4 C-44
C-5 + 16.21 C-45 + 29.40
C-6 + 24.85 C-46 + 17.08
C-7 C-47 + 25.37
C-8 + + 41.07 C-48
C-9 C-49 + 31.09
C-10 + 30.09 C-50 + 24.02
C-11 C-51
C-12 C-52
C-13 + + 55.44 C-53
C-14 + 40.18 C-54 + + 54.277
C-15 C-55
C-16 C-56 + 38.46
C-17 + 38.43 C-57
C-18 + 10.22 C-58
C-19 + 5.39 C-59 + + 26.90
C-20 C-60
C-21 + 21.27 C-61
C-22 C-62
C-23 + 26.17 C-63 + 31.47
C-24 + 22.04 C-64
C-25 C-65 + 31.55
C-26 + 16.58 C-66
C-27 C-67 + + 33.13
C-28 + 511 C-68 + + 61.32
C-29 C-69
C-30 C-70 + 30.94
C-31 + + 25.94 C-71
C-32 + 13.41 C-72 + + 54.14
C-33 C-73 + 21.22
C-34 C-74
C-35 + 31.66 C-75 + 16.84
C-36 + 25.70 C-76
C-37 C-77
C-38 C-78 + + 29.43
C-39 + + 48.48 C-79
C-40 + + 61.97 C-80 + 14.06
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skim milk

skim milk

sample coagulation ant.iilipase sample coagulation ant.ijlipase
18 h 24 activity (%) 18 h 2 h activity (%)

C-81 C-121 + 10.94
C-82 C-122

C-83 + + 21.81 C-123

C-&4 C-124 + + 16.26
C-85 + + 70.07 C-125

C-86 C-126 + + 55.22
C-87 + 31.28 C-127

C-88 C-128

C-89 C-129 + 20.36
C-90 + + 38.79 C-130

C-91 + 22.06 C-131

C-92 + + 51.09 C-132 + 17.48
C-93 C-133

C-%4 C-134

C-95 C-135 + 18.54
C-96 + 17.46 C-136

C-97 + 19.47 C-137

C-98 + 26.31 C-138 + + 47.93
C-99 C-139 + 31.55
C-100 C-140

C-101 + 14.57 C-141

C-102 C-142

C-103 + 22.68 C-143

C-104 C-144

C-105 + + 17.56 C-145 + + 22.68
C-106 C-146 + 37.94
C-107 + 15.62 C-147 + + 34.43
C-108 + 29.73 C-148

C-109 C-149 + 6.22
C-110 + 30.31 C-150

C-111 C-151

C-112 + 26.74 C-152 + + 42.16
C-113 C-153

C-114 C-154

C-115 C-155 + 15.37
C-116 + 38.66 C-156

C-117 C-157

C-118 C-158

C-119 + + 38.57 C-159 + + 29.43
C-120 + 22.04 C-160
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skim milk Lo skim milk Lo
sample coagulation ant.lihpase sample coagulation ant.ljhpase
18 h 24 h activity (%) 18 h 2 h activity (%)
C-161 + + 26.27 C-201 + 2.21
C-162 C-202
C-163 C-203
C-164 + 7.07 C-204 + + 45.08
C-165 C-205
C-166 + 31.08 C-206 + 16.00
C-167 C-207
C-168 C-208 + + 21.33
C-169 + + 53.37 C-209 + + 27.08
C-170 C-210
C-171 + 19.82 C-211 + 22.71
C-172 + 22.64 C-212
C-173 C-213
C-174 C-214 + 25.46
C-175 C-215
C-176 + + 42.60
C-177
C-178 + + 63.98
C-179
C-180 + 30.64
C-181
C-182
C-183
C-14 + 31.22
C-185 + 14.36
C-186
C-187 + 21.52
C-188
C-189
C-190
C-191 + 5.31
C-192 + 22.88
C-193
C-19%4
C-195 + 13.61
C-196 + 40.96
C-197
C-198
C-199
C-200 + 33.03
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Table 12. Skim milk coagulation and anti-lipase activity of strain isolated from

the raw milk of Kyungsang province

skim milk o skim milk o
sample coagulation ant'rlhpase sample coagulation ant'r'hpase
18 h 2 h activity (%) 18 h 2 h activity (%6)
D-1 D-41 + 19.81
D-2 + + 23.75 D-42
D-3 D-43
D4 + 31.58 D-44
D-5 + 18.22 D-45 + + 10.05
D-6 D-46
D-7 + 22.94 D-47 + 37.64
D-8 D-48
D-9 D-49 + + 10.09
D-10 + 17.06 D-50
D-11 D-51
D-12 + 10.31 D-52
D-13 D-53
D-14 + + 34.28 D-54 + 36.88
D-15 D-55
D-16 D-56 + 22.06
D-17 + 19.11 D-57 + 29.37
D-18 D-58
D-19 + 30.94 D-59
D-20 D-60 + + 10.36
D-21 + 10.37 D-61 + + 29.52
D-22 D-62
D-23 D-63
D-24 + 22.25 D-64 + 14.55
D-25 D-65
D-26 + + 19.76 D-66
D-27 D-67
D-28 + + 22.05 D-68 + 15.61
D-29 + + 20.64 D-69
D-30 + 38.99 D-70
D-31 D-71
D-32 + 16.67 D-72
D-33 + 28.03 D-73 + 33.97
D-34 D-74
D-35 + 21.05 D-75
D-36 D-76
D-37 D-77 + 10.31
D-38 D-78
D-39 + + 25.49 D-79 + + 56.72
D-40 D-80
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skim 1n%ﬂk anti-lipase skim 1H%ﬂk anti-lipase
coagulation coagulation

sample 18 h 24 h activity(%) sample 18 h 24 h activity (%)
D-81 D-121

D-82 D-122 + + 52.46
D-83 + 13.36 D-123 + + 417
D-84 + 22.94 D-124

D-85 D-125

D-86 D-126

D-87 + 27.73 D-127

D-88 D-128

D-89 + 5.31 D-129

D-90 + 10.94 D-130 + 12.08
D-91 D-131 + 6.61
D-92 D-132

D-93 + 41.00 D-133 + 31.94
D-94 D-134

D-95 + 50.31 D-135 + + 7.58
D-96 D-136 + + 497
D-97 D-137

D-98 + 22.97 D-138

D-99 D-139

D-100 D-140 + + 34.56
D-101 + + 4.17 D-141

D-102 D-142 + + 24.81
D-103 + + 9.72 D-143 + + 19.79
D-104 + + 37.12 D-144 + + 96.78
D-105 D-145

D-106 D-146

D-107 + 15.06 D-147 + + 10.13
D-108 D-148

D-109 + 16.35 D-149 + + 417
D-110 D-150 + + 5.87
D-111 D-151 + + 39.39
D-112 D-152

D-113 D-153

D-114 + + 31.53 D-154 + + 9.66
D-115 + 15.72 D-155 + + 14.49
D-116 + + 22.54 D-156 + + 5.09
D-117 + + 8.71 D-157 + + 50.76
D-118 D-158 + + 35.23
D-119 + 16.94 D-159

D-120 D-160 + 20.31
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C%;ig?ﬂgg& anti-lipase C%ggﬂggg; anti-lipase
sample 18 h 24 h activity (%) sample 18 h o4 1 activity (%)
D-161 + + 6.38 D-201 + + 27.66
D-162 + 31.26 D-202 + 22.87
D-163 D-203 + 10.31
D-164 D-204
D-165 + + 38.83 D-205 + + 18.34
D-166 + 27.06 D-206
D-167 D-207
D-168 D-208 + 20.65
D-169 D-209
D-170 D-210
D-171 + + 498 D-211 + 24.81
D-172 + + 6.72 D-212
D-173 D-213 + 30.82
D-174 + + 5.47 D-214
D-175 + + 39.02 D-215 + + 62.31
D-176 + + 21.69 D-216 + 22.68
D-177 + + 18.18 D-217 + + 50.90
D-178 D-218 + + 59.37
D-179 + + 4.45 D-219
D-180 + + 8.23 D-220 + + 36.74
D-181 D-221 + 30.68
D-182 + + 8.05 D-222
D-183 + 4.21 D-223
D-184 D-224
D-185 + 31.64 D-225
D-186 D-226 + 17.62
D-187 D-227 + 21.27
D-188 + 16.55 D-228
D-189 D-229
D-190 D-230
D-191 + + 31.25 D-231 + + 46.21
D-192 + + 17.94 D-232
D-193 + + 24.44 D-233 + 15.66
D-194 + + 18.75 D-234
D-195 D-235 + + 19.37
D-196 + 16.29 D-236 + 22.74
D-197 + 26.38 D-237
D-198 D-238 + + 32.67
D-199 D-239 + + 12.78
D-200 + 19.31 D-240 + + 40.44
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C%;ig?ﬂgg& anti-lipase C%ggﬂggg; anti-lipase
sample 18 h 24 h activity (%) sample 18 h o4 1 activity (%)
D-241 D-281
D-242 D-282 + 33.15
D-243 + + 59.66 D-283
D-244 + + 44.58 D-284
D-245 D-285 + 29.74
D-246 + 28.33 D-286
D-247 D-287
D-248 D-288
D-249 + + 25.66 D-289 + + 43.47
D-250 + + 45.27 D-290 + + 70.74
D-251 + 217.33 D-291
D-252 D-292
D-253 + + 30.58 D-293 + + 6.82
D-254 D-294
D-255 D-295 + 18.05
D-256 + + 7.90 D-296 + 21.77
D-257 D-297
D-258 + + 32.01 D-298
D-259 + 27.45 D-299 + + 16.58
D-260 D-300
D-261 + + 37.78 D-301
D-262 + 21.36 D-302
D-263 D-303 + 26.94
D-264 + + 5.55 D-304
D-265 + + 58.64 D-305
D-266 D-306 + + 27.70
D-267 + 33.64 D-307
D-268 D-308 + + 4.21
D-269 + + 1591 D-309
D-270 + D-310 + + 30.29
D-271 D-311 + 24.13
D-272 D-312
D-273 + 28.60 D-313
D-274 + 19.23 D-314 + 35.77
D-275 D-315 + 26.44
D-276 D-316
D-277 + 17.64 D-317
D-278 D-318
D-279 D-319 + + 22.31
D-280 + + 60.08 D-320 + 17.95
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1 C%;ié?ﬂ%& anti-lipase 1 C%ggﬂggg; anti-lipase
sampie 18 h 24 h activity (%) | SR 18 h o4 1 activity (%)
D-321 + 22.75 D-361 + 17.00
D-322 D-362 + 16.08
D-323 + 34.06 D-363
D-324 + 28.57 D-364 + + 29.26
D-325 D-365
D-326 + + 26.48 D-366 + + 65.03
D-327 D-367
D-328 + 24.01 D-368
D-329 D-369 + + 62.29
D-330 D-370
D-331 + 39.42 D-371 + 10.59
D-332 D-372 + 23.76
D-333 + + 30.11 D-373
D-334 D-374 + 22.84
D-335 + 19.82 D-375
D-336 D-376 + 15.43
D-337 D-377
D-338 D-378
D-339 D-379 + 35.96
D-340 + 22.07 D-380
D-341 + 10.94 D-381
D-342 D-382 + 38.61
D-343 D-383
D-344
D-345
D-346 + + 10.38
D-347 + + 10.34
D-348 + + 26.17
D-349 + 29.10
D-350 + 6.94
D-351
D-352
D-353
D-354 + 31.48
D-355
D-356 + 22.67
D-357
D-358
D-359 + + 53.37
D-360 + + 15.06
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Table 13. Skim milk coagulation and anti-lipase activity of strain isolated from

the raw milk of Junla province

skim milk o skim milk o
sample coagulation ant.r.hpase sample coagulation ant.r.hpase
18 h 24 h activity (%) 18 h 24 h activity (%)
E-1 + 28.33 E-41
E-2 E-42 + + 31.28
E-3 E-43
E-4 E-44 + + 18.62
E-5 + + 69.31 E-45
E-6 E-46
E-7 + + 15.62 E-47 + 40.32
E-8 + 30.37 E-48 + 13.29
E-9 E-49
E-10 E-50
E-11 + 29.84 E-51 + 1857
E-12 + 15.09 E-52
E-13 E-53 + 22.43
E-14 E-54
E-15 + 15.44 E-55
E-16 + + 73.54 E-56 + + 10.09
E-17 E-57
E-18 E-58 + 11.65
E-19 + + 18.13 E-59
E-20 E-60
E-21 + 30.64 E-61 + 27.34
E-22 E-62
E-23 E-63
E-24 + 22.71 E-64
E-25 + 10.66 E-65 + 10.31
E-26 E-66
E-27 E-67
E-28 + 13.82 E-68
E-29 + 26.72 E-69 + + 9.09
E-30 E-70 + + 5.82
E-31 + 22.89 E-71
E-32 E-72
E-33 E-73 + 28.74
E-34 + + 19.50 E-74
E-35 E-75 + 29.38
E-36 + 41.06 E-76
E-37 E-77 + + 1.89
E-38 E-78
E-39 + 29.74 E-79
E-40 E-80 + + 8.43
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1 C%;ié?ﬂ%& anti-lipase 1 C%ggﬂggg; anti-lipase

sampie 18 h 24 h activity (%) | SR 18 h o4 1 activity (%)
E-81 E-121 + 46.67
E-82 E-122 + 31.33
E-83 + + 8.81 E-123

E-84 + + 6.32 E-124 + 29.05
E-85 E-125

E-86 E-126

E-87 + 27.44 E-127 + 28.52
E-88 E-128 + 15.00
E-89 + 30.68 E-129

E-90 E-130

E-91 E-131

E-92 E-132 + + 17.10
E-93 + + 6.39 E-133

E-94 + + 8.23 E-134 + + 20.55
E-95 E-135 + 14.82
E-96 E-136

E-97 + + 21.99 E-137

E-98 + 9.03 E-138 + 16.37
E-99 E-139

E-100 E-140

E-101 + 45.68 E-141

E-102 E-142

E-103 + + 33.43 E-143

E-104 + + 35.63 E-144 + 19.84
E-105 E-145

E-106 E-146 + 22.71
E-107 + + 15.54 E-147

E-108 E-148

E-109 + + 39.96 E-149 + + 29.08
E-110 E-150

E-111 + 17.43 E-151 + 19.65
E-112 E-152

E-113 E-153

E-114 E-1%4 + 34.82
E-115 E-155 + 28.56
E-116 + 25.99 E-156

E-117 + 26.32 E-157

E-118 E-158

E-119 + 40.48 E-159 + 17.46
E-120 E-160 + + 25.30
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C%;ié?ﬂ%& anti-lipase C%ggﬂggg; anti-lipase
sample 18 h 24 h activity (%) sample 18 h o4 1 activity (%)
E-161 + 30.31 E-201 + + 36.12
E-162 E-202 + 30.64
E-163 E-203 + 29.51
E-164 + 27.44 E-204
E-165 E-205 + + 15.90
E-166 E-206 + + 26.02
E-167 + 18.64 E-207
E-168 E-208
E-169 E-209
E-170 + 39.42 E-210
E-171 + 28.66 E-211 + + 18.07
E-172 + 35.94 E-212 + + 29.01
E-173 E-213
E-174 E-214
E-175 + 30.17 E-215
E-176 E-216 + + 17.81
E-177 E-217 + + 11.78
E-178 E-218 + 5.49
E-179 + + 20.87 E-219
E-180 + 18.69 E-220 + 11.84
E-181 + + 17.88 E-221
E-182 E-222
E-183 E-223 + + 9.44
E-184 E-224
E-185 + + 17.49 E-225
E-186 + + 18.72 E-226
E-187 + + 17.46 E-227 + + 11.85
E-188 + + 25.55
E-189
E-190 + 21.58
E-191
E-192 + 37.94
E-193
E-194 + + 37.54
E-195
E-196 + + 26.21
E-197
E-198
E-199 + 21.67
E-200 + 18.04
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Table 14. Anti-lipase activity of lactic acid bacteria isolated from adult feces

anti-lipase anti-lipase anti-lipase
sample activity (%) sample activity (%) sample activity (%)

F-1 23.47 F-41 27.38 F-81 53.26
F-2 359 F-42 30.29 F-82 54.86
F-3 26.82 F-43 26.91 F-83 52.53
F-4 25.78 F-44 5.06 F-84 46.73
F-5 42.72 F-45 30.62 F-85 49.75
F-6 44.91 F-46 24.33 F-86 42.44
F-7 21.35 F-47 29.51 F-87 35.84
F-8 10.68 F-48 8.35 F-88 41.01
F-9 9.31 F-49 27.41 F-89 40.93
F-10 43.01 F-50 16.96 F-90 43.87
F-11 40.63 F-51 21.54 F-91 41.40
F-12 39.94 F-52 35.30 F-92 30.82
F-13 65.80 F-53 33.47 F-93 29.26
F-14 6.56 F-54 22.95 F-94 13.32
F-15 40.29 F-55 46.65 F-95 9.05

F-16 59.80 F-56 52.85 F-96 25.16
F-17 47.82 F-57 14.38 F-97 10.13
F-18 29.25 F-58 42.47 F-98 21.54
F-19 45.95 F-59 33.31 F-99 44.02
F-20 41.01 F-60 34.43 F-100 9.74

F-21 27.06 F-61 29.05 F-101 30.88
F-22 68.01 F-62 23.07 F-102 52.04
F-23 3.46 F-63 20.14 F-103 8.32

F-24 73.12 F-64 26.13 F-104 6.56

F-25 38.09 F-65 22.81 F-105 30.89
F-26 42.56 F-66 10.05 F-106 20.96
F-27 2.06 F-67 41.50 F-107 10.75
F-28 5.68 F-68 45.70 F-108 40.99
F-29 21.16 F-69 50.98 F-109 54.59
F-30 40.24 F-70 55.83 F-110 40.45
F-31 33.90 F-71 49.90 F-111 24.87
F-32 15.20 F-72 47.67 F-112 23.22
F-33 10.13 F-73 50.41 F-113 68.16
F-34 9.61 F-74 53.61 F-114 8.71

F-35 32.19 F-75 50.52 F-115 30.29
F-36 5.07 F-76 49.84 F-116 19.87
F-37 16.34 F-77 48.41 F-117 8.79

F-38 15.27 F-78 52.12 F-118 2897
F-39 20.55 F-79 55.20 F-119 30.24
F-40 19.64 F-80 51.49 F-120 13.29
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anti-lipase anti-lipase anti-lipase

sample activity (%) sample activity (%) sample activity (%)
F-121 4755 F-161 29.08
F-122 35.67 F-162 27.71
F-123 33.79 F-163 8.78
F-124 8.62 F-164 54.45
F-125 10.64 F-165 35.38
F-126 25.68 F-166 29.77
F-127 9.71 F-167 39.85
F-128 18.73 F-168 20.04
F-129 43.56 F-169 47.26
F-130 60.92 F-170 39.20
F-131 59.12 F-171 14.03
F-132 29.11 F-172 32.24
F-133 16.63 F-173 27.10
F-134 56.55 F-174 40.57
F-135 9.63 F-175 50.35
F-136 10.90 F-176 42.83
F-137 12.56 F-177 50.76
F-138 38.77 F-178 55.02
F-139 54.31 F-179 64.75
F-140 20.77 F-180 83.60
F-141 31.59 F-181 60.49
F-142 27.45 F-182 48.54
F-143 18.72 F-183 62.13
F-144 9.84 F-184 54.37
F-145 20.66 F-185 70.90
F-146 39.79 F-186 58.33
F-147 17.62 F-187 61.33
F-148 24.59

F-149 18.62

F-150 22.21

F-151 32.83

F-152 48.93

F-153 0.54

F-154 10.29

F-155 21.11

F-156 29.78

F-157 18.95

F-158 32.27

F-159 35.61

F-160 26.63
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Table 15. Anti-lipase activity of lactic acid bacteria isolated from infant feces

sample ant.iilipase sample ant.iilipase sample ant.iilipase
activity (%) activity (%) activity (%)
G-1 29.04 G-41 42.72 G-81 21.35
G-2 6.21 G-42 25.78 G-82 9.31
G-3 30.76 G-43 10.68 G-83 10.68
G-4 35.11 G-44 23.47 G-84 39.94
G-5 19.84 G-45 25.78 G-85 47.82
G-6 21.54 G-46 8.23 G-86 19.07
G-7 22.69 G-47 10.21
G-8 18.41 G-48 29.25
G-9 31.08 G-49 45.95
G-10 27.55 G-50 33.97
G-11 10.05 G-b1 43.01
G-12 46.17 G-52 35.63
G-13 19.44 G-53 21.58
G-14 22.08 G-54 29.64
G-15 29.31 G-55 35.90
G-16 34.08 G-56 30.58
G-17 44.94 G-57 4491
G-18 55.55 G-58 19.28
G-19 6.11 G-59 1.99
G-20 21.76 G-60 26.82
G-21 30.77 G-61 40.29
G-22 16.05 G-62 21.22
G-23 39.15 G-63 31.08
G-24 10.06 G-64 55.44
G-25 5.69 G-65 1554
G-26 31.18 G-66 19.49
G-27 20.44 G-67 22.67
G-28 19.67 G-68 4491
G-29 28.08 G-69 10.58
G-30 20.13 G-70 59.80
G-31 38.05 G-71 9.31
G-32 19.27 G-72 30.47
G-33 35.61 G-73 40.63
G-34 42.71 G-74 43.01
G-35 30.62 G-75 5.54
G-36 42.72 G-76 6.38
G-37 40.63 G-77 6.56
G-38 6.39 G-78 21.06
G-39 21.35 G-79 37.58
G-40 33.43 G-80 39.96
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Table 16. Anti-lipase activity of Bifidobacteria strain isolated from adult feces

sample anti-lipase activity (%) sample anti-lipase activity(%)

H-1 10.22 H-41 8.16
H-2 6.38 H-42 30.68
H-3 29.47 H-43 27.04
H-4 20.64 H-44 30.33
H-5 18.55 H-45 18.05
H-6 16.37 H-46 16.37
H-7 1491 H-47 19.24
H-8 27.33 H-48 16.00
H-9 22.08 H-49 52.38
H-10 26.34 H-50 19.37
H-11 26.19 H-51 22.21
H-12 20.74 H-52 10.64
H-13 17.03

H-14 15.64

H-15 10.21

H-16 17.93

H-17 22.88

H-18 23.07

H-19 19.33

H-20 1541

H-21 28.65

H-22 6.41

H-23 17.60

H-24 23.99

H-25 21.08

H-26 10.31

H-27 16.85

H-28 13.96

H-29 561

H-30 39.74

H-31 25.66

H-32 49.38

H-33 26.33

H-34 17.04

H-35 40.22

H-36 5.38

H-37 50.61

H-38 22.75

H-39 19.34

H-40 21.86
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Table 17. Anti-lipase activity of Bifidobacteria strain isolated from infant feces

sample anti-lipase activity(%6) sample anti-lipase activity (%)

I-1 3.27 I-41 23.81
I-2 10.78 1-42 20.76
I-3 19.36 I-43 15.33
I-4 17.05
I-5 29.34
1-6 10.88
-7 14.02
I-8 13.55
I-9 29.34
I-10 38.51
I-11 50.05
I-12 16.39
I-13 15.24
I-14 22.68
I-15 10.81
I-16 5.50
I-17 19.64
I-18 17.05
I-19 14.33
I-20 31.92
I-21 49.28
1-22 37.66
I-23 31.05
I-24 5.50
I-25 36.84
I-26 21.38
1-27 22.39
I-28 46.73
1-29 40.21
I-30 38.92
I-31 9.05
I-32 16.53
I-33 17.35
I-34 21.29
I-35 18.62
I-36 29.86
I-37 30.57
I-38 10.08
I-39 26.03
I-40 15.69
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EFEETH(p<0.05) (Fig. 2).
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Fig. 2. The effects of 12 kinds of selected strains on proliferation of 3T3-L1
adipocytes

* significant difference from control at p<0.05
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Fig. 3. Anti—adipogeninc activity of 12 kinds of selected strains
* significant difference from control at p<0.05
#% significant difference from the concentration of 10ug/mL at p<0.05
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Table 18. Biochemical and physiological characteristics of lactic acid bacteria

isolated from raw milk and feces.

strains A86 | A192 | B182 | C8 | C178 | D366 | E5 | El6 | F13 | F22 | F24 | F180
Gram stain + + + + + + + + + + + +
Cell morphology cocci | cocci | rod | cocci | cocci | cocci | cocci | cocci | rod | rod | rod | rod
Spore formation - - - - - - - _ _ _ _ _
Motility - - - - - - - - - , _ _
Aerobic growth + + + + + + + + + + + +
Anaerobic growth + + + + + + + + + + + +
Catalase - - - - - - - - _ _ _ _
Growth at 15C - - - - - - - - . . - -
Growth at 45T - - + + + - + + + + + +
Gas from glucose - - - - - - - _ _ _ _ _
Ammonia
from arginine B - - - - - - N N N - N
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API 20 STREP

strains

AB6

A192

C85

C178

D366

E5

E16

Pyruvate

Hippurate

Esculin

Pyrrolidonyl 2 naphthylamide

6-Bromo-2-naphyl-a-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

Inulin

Raffinose

Starch

Glycogen
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API50 CHL

B F B F
Strains F13|F22|F24 Strains F13|F22|F24

182 180 182 180
Control - | - | -1 -1 - |Esculin ferric citrate e I i e
Glycerol -1 = -1 -1 - |Salicin e T I N
Erythritol - | -1 -1 -1 - |D-Celiohiose e I I N
D-Arabinose - -1 -1 -1 - |D-Maltose L e I
L-Arabinose - |+ |+ |+ | + |D-Lactose S T I S

D-Ribose + |+ | + ] + | + |D-Melibiose o+ |+ ]+
D-Xylose - |+ |+ |+ |~ |D-Saccharose N
L-Xylose - | -1-1-1| - |D-Trehalose e O e I
D-Adonitol - | =1 -1 -1 - |Inuin [ I D

Methyl-BD-Xylopyranoside

D-Melezitose

D-Galactose

D-Raffinose

D-Glucose + | + | + | + | + |Amidon(starch) -1 -1-1-1-
D-Fructose + 1+ |+ |+ | + |Glycogen N I T
D-Mannose + |+ |+ | + | + |Xylitol B R
L-Sorbose - | - | -] - 1| - |Gentiobiose R

L-Rhamnose

D-Turanose

Dulcitol -1 -1-1-1- |D-Lyxose N .
Inositol - | -1-1-1| - |D-Tagatose S I
D-Mannitol + |+ |+ | + | + |D-Fucose N I S A
D-Sorbitol - | + |+ | -] + |L-Fucose [ I R
Methyl-aD-Mannopyranoside| — | + | + | — | + |D-Arabitol e I R I
Methyl-aD-Glucopyranoside | - | - | — | = | — |L-Arabitol e e

N-AcetylGlucosamine

potassium Gluconate

Amygdalin

potassium 2-KetoGluconate

Arbutin

potassium 5-KetoGluconate
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165 rRNA
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Sbict

1451
[=r=4

1391
122
1331
182
1271
242
1211
o2
1151
362
1091
azz
1032
asz
o772
s42
a1 2
s02
ss2
5652
792
722
732
hi=r=4
672
842
512
902
552
o652
493
1022
433
1082
373
1142
314
1202
254
1262
194
1322
134
1382
74

1442

FAA H-ES universal primerS ©]-83% PCRZ F%3}o] A dEXH
At EAE dAVIAES
o
=

of whel 99%9] 54

a2 o] 83l BLAST searchdt Z 3} (Table 19)
HA

TAGGCGGCTGGCTCC—AAAAGGT TACCTCACCGACTTCGGGTGTTACAAACTCTCGTGGT
frrrrrrrrrrrrenr rrernrrrrrrrrrrrrrrrrnrnbrrrrrrrrrnrnrRrnEnd
TAGGCGGCTGGCTCCAAAAAGGT TACCTCACCGACT TCGGGTGTTACAAACTCTCGTGGET

GTGACGGGCGGTGTGT ACAAGGCCCGGEGAACGT AT TCACCGCGGCGTGCTGATCCGCGAT
frrrrrrrrrrrrrrrrrrrnrrrrrrrrrrrprrrnrrnErrrrrrrrrrrnrErnEnl
GTGACGGGCGGTGTGTACAAGGCCCGGGAACGTATTCACCGCGGCGTGCTGATCCGCGAT

TACTAGCGAT TCCGGCT TCATGCAGGCGAGT TGCAGCCT GCAATCCGAACT GAGAGA AGC
rrrrrrrrrrrrrrrrrrrrerrrrrrrrrrrrrrrrrrrrrrrrrrrnrrrrrrreenl
TACTAGCGAT TCCGGCT TCATGCAGGCGAGT TGCAGCCTGCAATCCGAACT GAGAGAAGT

TTTAAGAGATTTGCATGACCTCGCGGTCTAGCGACTCGT TGTACTTCCCATTGT AGCACG
frrrrrrrrrrrrrrrrnprnrnrrrrrrrnrprrEnnrnRrrrrrrrrrRrnrRrnNnd
TTTAAGAGATTTGCATGACCTCGCGGTCTAGCGACTCGTTGTACTTCCCATTGT AGCACG

TGTGTAGCCCAGGTCATAAGGGGCATGATGATTTGACGTCATCCCCACCTTCCTCCGGETT
frrrrrrrrrrrirrrrprerrrrnrrnrrrrrrrrrepnnrnrrrrrrrrrrrrrrRrnEnl
TETGTAGCCCAGGTCATAAGGGGCATGATGATTTGACGTCATCCCCACCTTCCTCCGGTT

TGTCACCGGCAGTCTCGCT AGAGTGCCCAACT AAATGATGGCAACT AACAAT AAGGGTTG
firrrrrrrrrrrrrrrrerrnrrnrrrrrrrrprrEnrrnErrrrrrrrr R b r LNl
TGTCACCGGCAGTCTCGCTAGAGT GCCCAACTAAATGATGGCAACTAACAATAAGGGT TG

CGCTCGT TGCGGGEAACT GACCCCAACATCTCACGACACGAGCT GACGACAACCATGCACC
frrrrerrrrrrer e rorrrrrrrrrrrrrrrrrrrrnnrrrrrrnrprrrrrnena
CGCTCGT TGCGGGA—CTTAACCCAACATCTCACGACACGAGCTGACGACAACCATGCACC

ACCTGTCACTTTGTCCCCGAAGGGAAAGCTCTATCTCTAGAGTGGTCAAAGGATGTCAAG
e rrrrrrrrrrrrrrrnrr R rrnrrrrrrnrrrrnennnld
ACCTGTCACTTTGTCCCCGAAGGGAAAGCTCTATCTCTAGAGTGGTCAAAGGATGTCAAG

ACCTGGTAAGGTTCTTCGCGTTGCTTCGAATTAAACCACATGCTCCACCGCT TGT GCGGG
frrrrrrrrrrrrrre e rrrrprrprprrrrrrrrrrnrbrRrRELE Rl
ACCTGGTAAGGTTCTTCGCGTTGCTTCGAAT TAAACCACATGCTCCACCGCT TGT GCGGG

CCCCCGTCAATTCCTTTGAGT TTCAACCT TGCGGTCGTACTCCCCAGGCGGAGTGCTTAA
frrrrrrrrrrrrrrrrerrnnrnrrrrrrrrrrrrernernerrrrrrrrrrrrrernrnd
CCCCCGTCAATTCCTTTGAGT TTCAACCT TGCGGTCGTACTCCCCAGGCGGAGTGCTTAA

TGCGTTTGCTGCAGCACT GAAGGGCGGAAACCCTCCAACACTTAGCACTCATCGTTTACG
Tt rnrnrrrrrrrrrnrrrrernenl
TGCGT TTGCTGCAGCACT GAAGGGCGGAAACCCTCCAACACTTAGCACTCATCGTTTACG

GCGTGGACTACCAGGGTATCTAATCCTGT TTGCTCCCCACGCTTTCGAGCCTCAGCGTCA
trrrrrrrrrrrrirrerrrnrrrrrnnrrrrrrnrn e rrrrnrnnrnrnnnd
GCGRTGGACTACCAGGGTATCTAATCCTGTTTGCTCCCCACGCTTTCGAGCCTCAGCGETCA

GTTACAGACCAGAGAGCCGCCTTCGCCACTGGTGTTCCTCCATATATCTACGCATTTCAC
frrrrrrrrrrrrrrnpnnrnrnrrnrrrrnrprrenn o n RNl
GTTACAGACCAGAGAGCCGCCTTCGCCACTGEGTGTTCCTCCATATATCTACGCATTTCAC

COCTACACATGGAATTCCACTCTCCTCTTCTGCACTCAAGTCTCCCAGT TTCCAATGACT
fTrrrrrrrrrrererrnerrrrrrrrrrrrrrrererrrrrrrrrrrerenrrrrrernnnl
CGCTACACATGGAATTCCACTCTCCTCTTCTGCACTCAAGTCTCCCAGTTTCCAATGACC

CTCCCCGGT TGAGCCGGGGGCTTTCACATCAGACTTAAGAAACCGCCTGCGCTCGCTTTA
Tt rrrrrrnrinrerrreennlnl
CTCCCCGGT TEAGCCGGGGGCTTTCACATCAGACT TAAGAAACCGCCTGCGCTCGCTTTA

CGCCCAATAAATCCGGACAACGCT TGCCACCTACGTATATACCGCGGCT GCTGGCACGT A
||||||||||||I||||||||||||l||||||l||l|| fTrrrrrrrrrrrirerernnnl
GCCCAATAAATCCGGACAACGCTTGCCACCTACGTAT —TACCGCGGCTGCTGGCACGT A

GTTAGCCGTGGCTTTCTGGTTAGATACCGTCAGGGGACGT TCAGTTACTAACGTCCTTGT
Pt reerrnnrnrrrrnrnrrrrrreennnl
GTTAGCCGTGGCTTTCTGGTTAGATACCGTCAGGGGACGT TCAGTTACTAACGTCCTTGT

TCTTCTCTAACAACAGAGT TTTACGATCCGAAAACCTTCTTCACTCACGCGGCGTTGCTC
fTrrrrrrrrrrernrrernrrrrrrrrrrrrrrerrrnnrrrrrrrrrnrernrernnnl
TeTTETCTAACAACAGAGT TTTACGATCCGAAAACCTTCTTCACTCACGCGGCGTTGCTC

GGTCAGACTTTCGTCCATTGCCGAAGAATTCCCTACTGCTGCCTCCCGT AGGAGTCT GGG
e o rrrrreprrrrnrrrrrrrrrrrrrrrRrnnnl
GGTCAGACTTTCGTCCATTGCCGAAGA—TTCCCTACTGCTGCCTCCCGT AGGAGTCTGGGE

CCGTGTCTCAGTCCCAGTGTGGCCGATCACCCTCTCAGGTCGGCTATGCATCGTGGCCT T
Trrrrrrrrererrrrnrrrrrrrrrrrrrrerrrrrrerrrrrrrrrrrrrrerrnrrnnnl
CCGTGRTCTCAGTCCCAGTGTGGRCCRATCACCCTCTCAGGTCGGCTATGCATCGTGGCCT T

GGTGAGCCGTTACCTCACCAACTAGCTAATGCACCGCGGGTCCATCCATCAGCGACACCC
frrrrrrrrrrrrrrrrrrrerrrrrrrrrrrrrrrrrrrrerrrrrrrrrrrerernrnl
GGTGAGCCGTTACCTCACCAACTAGCTAATGCACCGCGGGTCCATCCATCAGCGACACCC
GAAAGCGCCTTTCACTCTTATGCCATGCGGCATAAACTGTTATGCGGTATTAGCACCTGT
Trrrirrrerrrerererrrrrrrrrnrrrrrerrrrrnnrnrrrrrrrrnprerernenl
GAAAGCGCCT TTCACTCT TATGCCATGCGEGLATAAACTGT TATGCGGTATTAGCACCTGT
TTCCAAGTGTTATCCCCCTCTGATGGGTAGGT TACCCACGTGTTACTCACCCGT CCGCCA
tirrrrrrrrrrrererrrrrrrrrrrrerrprerrnrrnrnnrrrrrrrrprernennnl
TTCCAAGTGTTATCCCCCTCTGATGEGTAGGT TACCCACGTGTTACTCACCCGT CCGCCA
CTCCTCTTTCCAATTGAGTGCAAGCACTCGGGAGGAAAGAAGCGTTCGACTGCATTATAG
trrrrrrerrrerrrrrrrrrrrrrrrrrrrerrrrrenrrnrrrrrrrrrrerernenl
CTCCTCTTTCCAAT TGAGTGCAAGCACTCGGGAGGAAAGAAGCGTTCGACTGCATTATAG
C 1442

I
C 14

Fig. 4. 16S rRNA sequencing of A-86 strain
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563
1423
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243
1243
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1183
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az23
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483
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[43
603
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223
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CACCTTAGGCGGCTGGCTCC—AAAAGGT TACCTCACCGACT TCGGGTGTTACAAACTCTC
et rerrrrrrrrrrrrrrrrrpnnd
CACCTTAGGCGGCTGGCTCCAAAAAGGT TACCTCACCGACTTCGGGTGTTACAAACTCTC

GTGEGETGTGACGGGCGERTGTGTACAAGGCCCGGGAACGTATTCACCGCGGCGTGCTGATCC
trrrrnrnrrrrrerrerrrnnrrrirrrrerrrrrrenrrrrrrrrrnrrrrrrrrnrnnnnd
GTGGTGTGACGGGECGGTGTGTACAAGGCCCGGGAACGTATTCACCGCGGCGTGCTGATCC

GCGATTACTAGCGATTCCGGCT TCATGCAGGCGAGT TGCAGCCTGCAATCCGAACT GAGA
trrrrrrrrrrerrrrrennrnnprrrrrrrrnrrenrrrrrnrrrnrrrrrrrrrnnend
GCGATTACTAGCGATTCCGGCT TCATGCAGGCGAGT TGCAGCCTGCAATCCGAACTGAGA

GAAGCTTTAAGAGATTTGCATGACCT CGCGGTCTAGCGACTCGT TGTACTTCCCATTGT
IIIIIIIIIIlIIII|IIII|IIII|IIII|IIII1IIIIIIIII1IIIIIIIlIIIIII
GAAGCTTTAAGAGATTTGCATGACCTCGCGGTCTAGCGACTCGTTGTACTTCCCATTGT A

GCACGTGTGTAGCCCAGGTCAT AAGGGGCATGATGATTTGACGTCATCCCCACCTTCCTC
frrrrrrrrrrerrrrrennrrrrrrrrrrrrrrprrrrrRrLrrrrrrrrrnbrrRnRnd
GCACGTGTGTAGCCCAGGTCAT AAGGGGCATGATGAT T TGACGTCATCCCCACCTTCCTC

CGGTTTGTCACCGGCAGTCTCGCTAGAGTGCCCAACTAAATGATGGCAACTAACAATAAG
firrrerrrrrrrrrrrerrnrrerrrrrrrrrrrrrrrrrrrrrrrrrrrErrrrrenl
CEGTTTGTCACCGGCAGTCTCGET AGAGT GLCCAACTAAATGATGGLCAACT AACAATAAG

GGT TGCGCTCGT TGCGGEGACT TAACCCAACATCTCACGACACGAGCTGACGACAACCATG
e rrrrrrprnrrernrrnrrrrrrrrrrrrrnnl
GGTTGCGCTCGT TGCGGGACT TAACCCAACATCTCACGACACGAGCTGACGACAACCATG

CACCACCTGTCACTTTGTCCCCGAAGGGAAAGCTCTATCTCTAGAGTGGTCAAAGGATGT
frrrrrrrrrrerrrrrrnnrnerrerrrrrrrrerrrrnnrrrnrrrrrrrrrnnnnl
CACCACCTGTCACTTTGTCCCCGAAGGGAAAGCTCTATCTCTAGAGTGGTCAAAGGATGT

CAAGACCTGGTAAGGTTCTTCGCGT TGCTTCGAATTAAACCACATGCTCCACCGCTTGTG
frrrrrrrnrrerrrppnrrrrnn e reenrrennrrnrrrrrrennrrennl
CAAGACCTGGTAAGGTTCTTCGCGTTGCTTCGAATTAAACCACATGCTCCACCGCTTGTG

COGGCCCCCOTCAATTCCTTTGAGT TTCAACCT TGCGGTCGTACTCCCCAGGCGGAGT GO
trrrrrrrrrrerrrrrrnrrnerrrrrrrrrrrprrrrrrnrrrnrrrrrrrrrrnenl
CGGGCCCCCETCAATTCCTTTGAGT TTCAACCT TEGCGGTCGTACT CCCCAGGCGGAGTGC

TTAATGCGTTTGCTGCAGCACT GAAGGGCGGAAACCCTCCAACACT TAGCACTCATCGTT
ftirrrrernrrrrerrrrrrnrnnnrrerrrrrrrrrerrrrrrrrrnrrrrrrnrnrrnnnl
TTAATGCGT TTGCTGCAGCACT GAAGGGCGGAAACCCTCCAACACTTAGCACTCATCGTT

TACGGCGTGGACTACCAGGGTATCTAATCCTGTTTGCTCCCCACGCTTTCGAGCCTCAGC
R N AN |
TACGGCGTGGACTACCAGGGTATCTAATCCTGT TTGCTCCCCACGCT TTCGAGCCTCAGC

GTCAGTTACAGACCAGAGAGCCGCCTTCGCCACTGGTGTTCCTCCATATATCTACGCATT
frrrrrrrrrrerrrrrernrrrrrrrrerrrrrrprrrr b nrnnnnnl
GTCAGTTACAGACCAGAGAGCCGCCTTCGCCACTGGTGT TCCTCCATATATCTACGCATT

TCACCGCTACACATGGAAT TCCACTCTCCTCT TCTGCACTCAAGTCTCCCAGT TTCCAAT
IR R N N N N N RN
TCACCGCTACACATGGAAT TCCACTCTCCTCTTCTGCACTCAAGTCTCCCAGTTTCCAAT

GACCCTCCCCGGT TGAGCCGGGGGECTTTCACATCAGACTTAAGAAACCGCCTGCGCTCGC
Trrrirvrrrrrerrrrrrerrrrperrrrerrerrrrrerrrrrrrerrrrrrrennnnnl
GACCCTCCCCGGET TGAGCCGGGGECTTTCACATCAGACTTAAGAAACCGCCT GCGCTCGC

TTTACGCCCAATAAATCCGGACAACGCT TGCCACCTACGTATTACCGCGGCTGCTGGCAC
Trrrerrrrrrevrrrrrerrrrererrrreerrrrreerrrrrrrrrerrrerrnnnnl
TTTACGCCCAATAAATCCGGACAACGCT TGCCACCTACGTATTACCGCGGCTGCTGGCAC

GTAGTTAGCCGTGGCTTTCTGGTTAGATACCGTCAGGGGACGT TCAGTTACTAACGTCCT
L revrrrrrerrrrrrrrrrrrrrrrnnnnnl
GTAGTTAGCCGTGGCTTTCTGGTTAGATACCGTCAGGGGACGT TCAGT TACTAACGTCCT

TGTTCTTCTCTAACAACAGAGT TTTACGATCCGAAAACCTTCTTCACTCACGCGGCGTTG
Lrrrrrrrrrrerrerrrerrrrrrerrrreerrrrrerrrrrrrerrrrrrrrnnnnnl
TGTTCTTCTCTAACAACAGAGT TTTACGATCCGAAAACCTTCTTCACTCACGCGGCGTTG

CTCGGTCAGACTTTCGTCCATTGCCGAAGATTCCCTACTGCTGCCTCCCGT AGGAGTCTG
Prrrirrrrrreerrrrrrerrrrrerrrrrrerrrrreerrrrrrerrrrrreernnnnl
CTCGGTCAGACTTTCGTCCATTGCCGAAGATTCCCTACTGCT GCCTCCCGTAGGAGTCTG

GGCCGTGTCTCAGTCCCAGTGTGGCCGATCACCCTCTCAGGTCGGCTATGCATCGT GGCC
Lrrrerrrrrrerrrrrreerrrreeerreeeerrrrerrrrrererrrrrrernnnnnl
GGCCGTGTCTCAGTCCCAGTGTGGCCGATCACCCTCTCAGGTCGGCTATGCATCGT GGCC

TTGGETGAGCCGT TACCTCACCAACTAGCT AATGCACCGCGGGTCCATCCATCAGCGACAC
trrrrrrerrrrrererrreerrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrnl
TTGGETGAGCCGT TACCTCACCAACTAGCT AATGCACCGCGGGTCCATCCATCAGCGACAC

CCGAAAGCGCCTTTCACTCTTATGCCATGCGGCATAAACTGT TATGCGGTATTAGCACCT
P rrpeenrnreeererreennrrrrnerrrrrererrnnl
CCGAAAGCGCCTTTCACTCTTATGCCATGCGGCATAAACTGTTATGCGGTATTAGCACCT

GTTTCCAAGTGTTATCCCCCTCTGATGGGT AGGT TACCCACGTGT TACTCACCCGT CCGC
trrrrrrerrrrrrrerrrerrrreerrrrrrerrrrrrrrrrrrrrrrrrrrrrrrinnl
GTTTCCAAGTGTTATCCCCCTCTGATGGGTAGGT TACCCACGTGT TACTCACCCGTCCGC

CACTCCTCTTTCCAATTGAGT GCAAGCACT CGGGAGGAAAGAAGCGT TCGACT —GCATGT
Pt rrrerr rrrrnd
CACTCCTCTTTCCAATTGAGTGCAAGCACTCGGGAGGAAAGAAGCGTTCGACTTGCATGT
ATAGCHNCGCCCCC 1454

B RN

rrrn i
ATAGCACCCCCCC 31

Fig. 5. 16S rRNA sequencing of A-192 strain
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1478
61
1419
21
1359
151
1299
241
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541
943

501

561
823
721
TE3

703

8491

901
583
961
524
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465
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405

1141

1201
285
1261
225
1321
1655
1381
105
1441

45

CTGTCACCATTAGGCGGCTGGCTCCTAAAAGGT TACCCCACCGACTTTGGGTGT TACAAA
Tnrnprer el
CTGTCACC—TTAGGCGGCTGGCTCCTAAAAGGT TACCCCACCGACTTTGGGETGTTACAAA

CTCTCATGGTGTGACGGGCGGTGTGTACAAGGCCCGGGAACGTATTCACCGCGGCATGCT
Tttt
CTCTCATGGETGTGACGGECEGETETGTACAAGGCCCGEGAACGTATTCACCGCGGCATGCT

ATCCGOCGATTACTAGCGAT TCCGACT TCGT GCAGGLGAGT TGCAGCCTGCAGTCCGA A
|||][||||I||||l|l||||]|||||l||||l|l||||]||||][|l||[|||||||||
GATCCGCGATTACTAGCGAT TCCGACT TCGTGCAGGCGAGT TGCAGCCTGCAGTCCGAAC

TEAGAACGGTTTTAAGAGATTTGCTTGCCCTCGCGAGT TCGCGACTCGT TGTACCGT CCA
BN N N N N N R RN NN
TGAGAACGGTTTTAAGAGATTTGCT TGCCCTCGCGAGT TCGCGACTCGT TGTACCGT CCA

TTGTAGCACGTGTGTAGCCCAGGTCATAAGGGGCATGATGATCTGACGTCGTCCCCACCT
Tttt
TTGTAGCACGTGTGTAGCCCAGGTCATAAGGGGCATGATGATCTGACGTCGTCCCCACCT

TCCTCCGGT TTGTCACCGGCAGTCTCACTAGAGTGCCCAACT TAATGCTGGCAACT AGT A
BN N N N N R N N
TCCTCCGGT TTETCACCGECAGTCTCACTAGAGT GCCCAACT TAATGCTGGCAACTAGT A

ACAAGGGT TGCGCTCGT TGGCGGGGACCT TAACCCAACAT CTCACGACACGAGCT GACGA
B N N N RN NN NN,
ACAAGGGT TEGCGCTCGT T—GC—GGEGEA—CTTAACCCAACATCTCACGACACGAGCT GACGA

CGACCATGCACCACCTGTCATTGCGT TCCCGAAGGAAACGCCCTATCTCTAGGGT TGGCG
Tt ernnrnrrnrnnl
CGACCATGCACCACCTGTCAT TGCGT TCCCGAAGGAAACGCCCTATCTCTAGGGT TGGCG

CAAGATGTCAAGACCTGGT AAGGGT TCTTCGCGT AGCT TCGAATTAAACCACATGCT
T rrerrnrerrnd IIIIIIIIIIIIIIIIIlIIIIIIIIIIiIIIIIIIII
CAAGATGTCAAGACCTGGTAA—GGTTCT TCGCGTAGCT TCGAATTAAACCACATGCTCCA

CCGCTTGTGCGGGCCCCCGTCAATTCCTTTGAGT TTCAACCT TGCGGTCGTACTCCCCAG
IlI]lIIII[IlIIlIlIIIIIlIIII[IIII||l|IlIlIIII][IIII[IIIIlIIII
CcCCGC TGCGEGCCCCCETCAATTCCTTTGAGT TTCAACCT TGCGGTCGTACTCCCCA

GCGGAGTGCTTAATGCGT TAGCTCCGGCACT GAAGGGCGGAAACCCTCCAACACCT AGCA
tninppnrrnrnpnpinnnnnprnrnpnnrnnrnprnrnrrnnrpnREnnLNLLnnnnl
GCGGAGTGCTTAATGCGT TAGCTCCGGCACT GAAGGGCGGAAACCCTCCAACACCT AGCA

CTCATCGTTTACGGCATGGACTACCAGGGTATCTAATCCTGT TCGCTACCCATGCTTTCG
A N N R N Ny
CTCATCGTTTACGGCATGGACTACCAGGGTATCTAATCCTGT TCGCTACCCATGCTTTCG

CTCAGCGTCAGT TECAGACCAGGTAGCCGCCT TCGCCACTGETGTTCTTCCATATAT
|||1[||||l|||l||1|||||l|||l[||||||1||||1||||1[|l||[|||||||||
AGTCTCAGCGTCAGT TECAGACCAGGTAGCCGCCTTCGCCACTGETGTTCTTCCATATAT

CTACGCATTCCACCGCTACACATGGAGT TCCACTACCCTCTTCTGCACTCAAGTTATCCA
ftrrnrnrrvernveernrrenerprprrprrnerernrrnprnrrrrenrnireinnrngl
CTACGCATTCCACCGCTACACATGGAGT TCCACTACCCTCTTCTGCACTCAAGTTATCCA

GTTTCCGATGCACTTCTCCGGT TAAGCCGAAGGCTTTCACATCAGACT TAGAAAACCGCC
T errennpnrnrnernennnl
GTTTCCGATGCACTTCTCCGGT TAAGCCGAAGGCTTTCACATCAGACT TAGAAAACCGCC

TGCACTCTCTTTACGCCCAATAAATCCCGGATAACGCT TGCCACCTACGTATTACCGCGG
TRrnrner e e e nernennel
TGCACTCTCTTTACGCCCAATAAATCC-GGATAACGCT TGCCACCTACGTATTACCGCGG

GCTGCTGGECACGT AGTTAGCCGTGACTTTCTGGT TAAATACCGTCAACGTATGAACAGTT
e rprerrrrernrrerreerrererprnrrernnnntl
—CTGCTGECACGT AGTTAGCCGTGACTTTCTGGT TAAATACCGTCAACGTATGAACAGTT

ACTCTCATACGTGTTCTTCTTTAACAACAGAGCT TTACGAGCCGAAACCCTTCTTCACTC
el
ACTCTCATACGTGTTCTTCTTTAACAACAGAGCT TTACGAGCCGAAACCCTTCTTCACTC

ACGCGGTGTTGCTCCATCAGGCT TGCGCCCAT TGTGGAAGAT TCCCTACTGCT GCCT CCC
trrnrnnrnernnrernrrnernrnnrnrrnrerrrrrrnnrrrrinrnlrernnnnnl
ACGCGGTGTTGCTCCATCAGGCT TGCGCCCATTGTGGAAGATTCCCTACTGCTGCCT CCC

GTAGGAGTATGGGCCGTGTCTCAGTCCCATTGTGGCCGATCAGTCTCTCAACTCGGCTAT
e rrprninrrnrninntl
GTAGGAGTATGGGCCGTGTCTCAGTCCCAT TGTGGCCGATCAGTCTCTCAACTCGGCTAT

GCATCATCGCCTTGGTAGGCCGT TACCCCACCAACAAGCTAATGCACCGCAGGTCCATCC
Tt npnernennprnrnenrnennnl
GCATCATCGCCTTGGTAGGCCGT TACCCCACCAACAAGCTAATGCACCGCAGGTCCATCC

AGAAGTGATAGCGAGAAGCCATCTTTTAAGCGTTGT TCATGCGAACAACGTTGTTAT GCG
ftrrnrnernernrrerrernrrnrrenrernrnernernrrerrenrernrnernennnl
AGAAGTGATAGCGAGAAGCCATCTTTTAAGCGTTGT TCATGCGAACAACGT TGTTATGCG

GTATTAGCATCTGTTTCCAAATGT TGTCCCCCGCTTCTGGGCAGGTTACCTACGTGTTAC
fTrrnrrerrernrrernernrrnrnennennpnernernrnernenrprnrnenrnennel
GTATTAGCATCTGTTTCCAAATGT TGTCCCCCGCTTCTGEECAGGTTACCTACGTGTTAC

TCACCCGTCCGCCACTCGT TGGCGACCAAAATCAATCAGGTGCAAGCACCATCAATCAAT
Tt nrrnrnenner e rrerreriprnrnernenrnel
TCACCCGTCCGCCACTCGT TEGGCGACCAAAATCAATCAGGTGCAAGCACCATCAATCAAT
TGGGCCAACGCGT —CGACT—GCATGTATAGCAC 1471

ftrrererererer veprer o rrererprrpnrnnd
TGGGCCAACGCGT TCGACTTGCATGTATAGCAC 13

Fig. 6. 16S rRNA sequencing of B-182 strain
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1452
s0
1392
120
1332
1280
1272
240

1212

1152
360
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CTTAGGCGGCTGGCTCC—AAAAGGT TACCTCACCGACT TCGGGTGTTACAAACTCTCGTG
Tt rrrerirrrrrrrrrreernrrrrnrrrrrrrerrnnnrnnnl
CTTAGGCGGECTGGCTCCAAAAAGGT TACCTCACCGACT TCGGGTGTTACAAACTCTCGTG

GTGTGACGGGCGGTGTGTACAAGGCCCGGGAACGTATTCACCGCGGCGTGCTGATCCGCG
fTrrrirnrrrrrrnrnrnrrrerrerrenrnpnprrnnrnrrrennnrrrnrnenrrnnentld
GTGTGACGGGCGGTGTGTACAAGGCCCGGGAACGTAT TCACCGCGGCGTGCTGATCCGCG

ATTACTAGCGATTCCGGCT TCATGCAGGCGAGT TGCAGCCTGCAATCCGAACT GAGAGA A
trrrrrrrrrrrnrrrrrnnrrrrrerrrrrrrrrnnrrrrenrrrrrrrrrrnnrrRnnd
ATTACTAGCGATTCCGGCT TCATGCAGGCGAGT TGCAGCCTGCAATCCGAACTGAGAGAA

GCTTTAAGAGAT T TGCATGACCTCGCGETCTAGCGACTCGT TGTACT TCCCAT TGT AGCA
frrrrerrrnnrrrrprnrrrrerrn e rprrrnrrnrenrennnd
GCTTTAAGAGATTTGCATGACCTCGCGGTCTAGCGACTCGTTGTACTTCCCAT TGTAGCA

CGTGTGTAGCCCAGGTCATAAGGGGCATGATGATTTGACGTCATCCCCACCT TCCT CCGG
trrrrerrrrrrrrrrrrrrerrnnrprrrrrrrrrrrrnrrrrrrrrrRrrrLrnnnd
CETGTGTAGCCCAGGTCATAAGGGGCATGATGATTTGACGTCATCCCCACCTTCCT CCGG

TTTGTCACCGGCAGTCTCGCTAGAGT GCCCAACT AAATGATGGCAACT AACAATAAGGGT
frrrrrrrnrerrrprprnrpenrnrrerrrrrprrrrrrerrnrrrrrrrrernrrnenl
TTTGTCACCGGCAGTCTCGCT AGAGTGCCCAACTAAATGATGGCAACT AACAAT AAGGGET

TGCGCTCGT TGCGGGACT TAACCCCAACATCTCACGACACGAGCTGACGACAACCCATGC
tirrrrrrnrnrrrernrerr rrerrerrrrerrrrrrerrrrrrrrrerr rrnrnd
TGCGCTCGT TEGCGGEGACT TAA —CCCAACATCTCACGACACGAGCT GACGACAA—CCATGC

ACCACCTGTCACT TTGTCCCCGAAGGGAAAGCTCTATCTCTAGAGTGGTCAAAGGATGTC
trrrrrrrrrrrrrrrrnnrrrrrenrrrrrnrrenrrrrrnrrrrrrrrnnrrnnrnnnl
ACCACCTGTCACTTTGTCCCCGAAGGGAAAGCTCTATCTCTAGAGTGGTCAAAGGATGTC

AAGACCTGGTAAGGT TCTTCGCGTTGCTTCGAATTAAACCACATGCTCCACCGCT TGTGC
Pt rrrenr et r e nend
AAGACCTGGRTAAGGT TCTTCGCGT TGCTTCGAATTAAACCACATGCTCCACCGCT TGTGC

GGGCCCCCEGTCAATTCCT T TGAGT TTCAACCT TGCGETCGTACTCCCCAGGCGGAGTGCT
trrrrrrrrrrrrrrrrnnrerrrnrrrrrrrrnrrrrrnrrrrrrrrnnrenrERnnl
GGEGCCCCCGTCAATTCCTTTGAGT TTCAACCTTGCGGTCGTACTCCCCAGGCGGAGTGCT

TAATGCGT TTGCTGCAGCACT GAAGGGCGGAAACCCTCCAACACTTAGCACTCATCGTTT
Pttt rrrrnnrrerrrnrerrrnnnnrnnrnnentld
TAATGCGTTTGCTGCAGCACTGAAGGGCGGAAACCCTCCAACACTTAGCACTCATCGTTT

ACGGCGTGGACTACCAGGGTATCTAATCCTGTTTGCTCCCCACGCTTTCGAGCCTCAGCG
it rrnnrRrnnnnRnnd
ACGGECEGTGGACTACCAGGGTATCTAATCCTGTTTGCTCCCCACGCTTTCGAGCCT CAGCG

TCAGTTACAGACCAGAGAGCCGCCTTCGCCACTGGTGTTCCTCCATATATCTACGCATTT
ftrrrrrrerrrrnrerrrrrererrrerrrrerrrrnrrerrrrnrrrrrrrrnenrrrenrnnl
TCAGTTACAGACCAGAGAGCCGCCTTCGCCACTGGTGTTCCTCCATATATCTACGCATTT

CACCGCTACACATGGAAT TCCACTCTCCTCT TCTGCACTCAAGTCTCCCAGT TTCCAATG
frrrrrrrreerrerrrrrrrrrrrrrrrrererreerrrrrerrrrrrerrrnnenrnnd
CACCGCTACACATGGAATTCCACTCTCCTCTTCTGCACTCAAGTCTCCCAGTTTCCAATG

ACCCTCCCCGGT TGAGCCGGGGGCTTTCACATCAGACTTAAGAAACCGCCT GCGCTCGCT
e errrrrerrrrrnrrrrerrnnnnl
ACCCTCCCCGGTTGAGCCGGGGGECTTTCACATCAGACTTAAGAAACCGCCTGCGCTCGCT

TTACGCCCAATAAATCCGGACAACGCT TGCCACCTACGTATTACCGCGGECTGCTGGCACG
ftrrrrrrrreerrrerrererreevrrrrrerrrreerrrrrrerrrrrrrrrrrrrrrnl
TTACGCCCAATAAATCCGGACAACGCT TGCCACCTACGTATTACCGCGGCTGCTGGCACG

TAGTTAGCCGTGGCTTTCTGGTTAGATACCGT CAGGGGACGTTCAGTTACTAACGTCCTT
e rrrrrrrrrerrrrrrrrrerrennnd
TAGTTAGCCGTGGCTTTCTGGTTAGATACCGT CAGGGGACGT TCAGTTACTAACGTCCTT

GTTCTTCTCTAACAACAGAGTTTTACGATCCGAAAACCTTCTTCACTCACGCGGCGTTGC
frrrrrrereerrererrrrvrrrrrrrreererrerrrrrrrrrrrerenrerrnnnnl
GTTCTTCTCTAACAACAGAGTTTTACGATCCGAAAACCTTCTTCACTCACGCGGCGTTGC

TCGGTCAGACTTTCGTCCATTGCCGAAGATTCCCTACTGCTGCCTCCCGTAGGAGTCTGG
frrrrrrerrerrnrrerrrrrrrrrrrrreerrrerrrrrrrrrrrrrerrerrenrnl
TCGGTCAGACTTTCGTCCATTGCCGAAGAT TCCCTACTGCTGCCTCCCGT AGGAGTCTGG

GCCGTGTCTCAGTCCCAGTGTGGCCGATCACCCTCTCAGGTCGGCTATGCATCGT GGCCT
frrrrrrrreerrerrerrrrrerrrrnreerrrrenrrrrrrerrrrrerrerrnnnel
GCCGTGTCTCAGTCCCAGTGTGGCCGATCACCCTCTCAGGTCGGCTATGCATCGT GGCCT

TGGTGAGCCGTTACCTCACCAACTAGCTAATGCACCGCGGGTCCATCCATCAGCGACACC
frrrrrrerrerrerrerrrrrrrrrrrrrerrrrenrrrrrrrrrrrrerrerrenrel
TGETGAGCCGTTACCTCACCAACTAGCTAATGCACCGCGGGTCCATCCATCAGCGACACT

CGAAAGCGCCTTTCACTCTTATGCCATGCGGCATAAACTGTTATGCGGTATTAGCACCTG
trrrrrrrreerrnrrerrrrrrerrrrrerrrrerrrrrrrrrrrrrerrerrennnl
CGAAAGCGCCTTTCACTCTTATGCCATGCGGCATAAACTGTTATGCGGTATTAGCACCTG

TTTCCAAGTGTTATCCCCCTCTGATGGGTAGGT TACCCACGTGTTACTCACCCGT CCGCC
trrererrreerrrrrererrrerrrrrrerrrreerrrrrrerrrrrrrrrrrrernnd
TTTCCAAGTGTTATCCCCCTCTGATGGGTAGGT TACCCACGTGTTACTCACCCGTCCGCC

ACTCCTCTTTCCAATTGAGTGCAAGCACT CGGGAGGAAAGAAGCGT TCGACTGCATGTAT
trrrrrrrrrrrrrrrrrrrrrrrrrrrrerrrrrrrrrrrrerrrrrrrrrerrrnned
ACTCCTCTTTCCAATTGAGTGCAAGCACT CGGGAGGAAAGAAGCGT TCGACTGCATGTAT
AGC 1442

i
AGC 12

Fig. 7. 16S rRNA sequencing of C-85 strain
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CGGCG-GCT-ATA-ATGC-AGTCGAACGCTTCTTTTTCCACCGGAGCT TGCTCCACCGGA
POLEE b e reed rrn e i nrererrnntd
CGGCGTGCTAATACATGCAAGTCGAACGCTTCTTTTTCCACCGGAGCT TGCTCCACCGGA

AAAAGAGGAGTGGCGAACGGGT GAGT AACACGTGGGET AACCTGCCCATCAGAAGGGGAT A
trrenrrrerrerrrre e rrrrerrere e erereerenrrrrrrrrerrnnnntl
AAAAGAGGAGTGGCGAACGGGTGAGTAACACGTGGGTAACCTGCCCATCAGAAGGGGATA

ACACTTGGAAACAGGTGCTAATACCGTATAACAATCAAAACCGCATGGTTTTGATTTGAA
Frrrerrrerrreerrrrerrerrrrrrrrreerrrrrerrrerrerrrrrrrrrrrnni
ACACTTGGAAACAGGTGCTAATACCGTATAACAATCAAAACCGCATGGTTTTGATTTGAA

AGGCGCTTTCGGGTGTCGCTGATGGATGGACCCGCGGTGCATTAGCTAGT TGGTGAGGT &
trrrrrrrrrerrrrrrrrrrrrrrrrrrerrrrrrrrrerrrrrrrrrrrerrrernnd
AGGCGCTTTCGGGTGTCGCTGATGGA TGGACCCGCGETGCATTAGCTAGT TGGTGAGGT A

ACGGCTCACCAAGGCCACGATGCATAGCCGACCTGAGAGGGTGATCGGCCACATTGGGAC
Frrrereeererrrrrrrrrrrrerrrrrrrrerrrrrrrrrrrrrrrrrrrrrrrnetd
ACGGCTCACCAAGGCCACGATGCATAGCCGACCTGAGAGGGT GATCGGCCACATTGGGAL

TGAGACACGGCCCAAACTCCTACGGGAGGCAGCAGT AGGGAATCTTCGGCAATGGACGAA
RN R N NN NN N RN RN
TGAGACACGGCCCAAACTCCTACGGGAGGCAGCAGT AGGGAATCTTCGGCAATGGACGAA

AGTCTGACCGAGCAACGCCGLGTGAGTGAAGAAGGT TTTCGGATCGTAAAACTCTGTTGT
Phrrerrrrrrerrr e rer e rerrrrnntl
AGTCTGACCGAGCAACGCCGCGTGAGTGAAGAAGGTTTTCGGATCGTAAAACTCTGTTGT

TAGAGAAGAACAAGGATGAGAGTAACTGTTCATCCCT TGACGGTATCTAACCAGAAAGCC
trrrerrrerererrrrrrrrrrrrrrrrrrrerrrrrerrrerrerrrrrrrrrrrnnd
TAGAGAAGAACAAGGATGAGAGTAACTGTTCATCCCTTGACGGTATCTAACCAGAAAGCC

ACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGATTT
thrrerrrrrrerrrrerrrrrrerrrrrerrerrrerrerrrrerrrrrrerrnrrnnd
ACGGCTAACTACGTGCCAGCAGCCGLGGETAATACGT AGGTGECAAGCGTTGTCCGGATTT

ATTGGGCGTAAAGCGAGCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCCCGGCTCAA
trrrnrrerrrerrrrerrrrrrerrrrrrrrrrererrrrrerrrrerrrrrrrernnd
ATTGGGCGTAAAGCGAGCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCCCGGCTCAA

CCGGGGAGGGTCATTGGAAACT GGGAGACT TGAGT GCAGAAGAGGAGAGTGGAATTCCAT
Frrrerrenrrerrrrrrrrrrrrrrrrrrerrerrenrrerrerrerrrirrrrerrenl
CCGGGGAGGGTCATTGGAAACTGGGAGACTTGAGTGCAGAAGAGGAGAGTGGAATTCCAT

GTGTAGCGGTGAAATGCGTAGATATATGGAGGAACACCAGT GGCGAAGGCGGCTCTCTGG
Frrrerrrerrreerrreerrerrre et errenrrerreerrrrerrrrrnnl
GTGTAGCGGTGAAATGCGTAGATATATGGAGGAACACCAGT GGCGAAGGCGGCTCTCTGG

TCTGTAACTGACGCTGAGGCTCGAAAGCGT GGGGAGCAAACAGGATTAGATACCCTGGT A
trrrerrrerrreerrrrrrrerrrerrrrreerreererrrerrrrrrrrerrrnrnnl
TCTGTAACTGACGCTGAGGCTCGAAAGCGT GGGGAGCAAACAGGATTAGATACCCTGGT A

GTCCACGCCGTAAACGATGAGTGCTAAGTGTTGGAGGGTTTCCGCCCTTCAGTGCTGCAG

frrrrrreerrrrrreerrerrrrrrer e e e e e e e errrerrrrnn
GTCCACGCCGTAAACGATGAGTGCTAAGTGT TGGAGGGT TTCCGCCCTTCAGTGCTGCAG

CTAACGCATTAAGCACTCCGCCTGGGGAGTACGACCGCAAGGT TGAAACTCAAAGGAATT
frrrrrreerrrerreererrrerrrerrrerrerrrrrrrr e e rrrrrrrrrrrrn
CTAACGCATTAAGCACTCCGCCTGGGGAGTACGACCGCAAGGT TGAAACTCAAAGGAATT

GACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCT
PEEERRrrer et e e e e e e et eerrentl
GACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCT

TACCAGGTCTTGACATCCTTTGACCACTCTAGAGATAGAGCT TCCCCT TCGGGGGCAAAG
frrrrrrrerreerreerrrrrerrrerrrerrrrrrrrrrerrrerrrrrrrrrrrrn
TACCAGGTCTTGACATCCTTTGACCACTCTAGAGATAGAGCT TCCCCT TCGGGGGLAAAG

TGACAGGTGGTGCATGGT TGTCGTCAGCTCGTGTCGTGAGATGT TGGGTTAAGT CCCGCA
terreeeerrrerrreerrererrrerrrr e e e e e et et e
TGACAGGTGGTGCATGGT TGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCA

—CGAGCGCAACCCCTTATTGTTAGT TGCCATCATTCAGT TGGGHACTCTAGCCAGACTGC

Lerereeererr reereereerrererrerrerer e e e et reee e reerrnd
ACGAGCGCAACCC-TTATTGTTAGT TGCCATCATTCAGT TGGGCACTCTAGCAAGACTGC
CGHNGACaa 1153

(AR
CGGTGACAA 1148

Fig. 8. 16S rRNA sequencing of C-178 strain
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TAGGCGGCTGGCTCC—AAAAGGT TACCTCACCGACT TCGGGTGT TACAAACTCTCGTGGT
e rrrrrrrrrprrnrrrenrrrerrnrrrrrrrrrnrrrnennd
TAGGCGGCTGGCTCCAAAAAGGT TACCTCACCGACT TCGGGTGT TACAAACTCTCGTGGT

GTGACGGGCGGTGTGT ACAAGGCCCGGGAACGTAT TCACCGCGGCGTGCTGATCCGCGAT
trrrrrrrrrerrrrrrrrrerrrrprrrrprrrnrrrrrrrrrrrrrrrrrrrrnrnngd
GTGACGGGCGGTGTGTACAAGGLCCCGGGAACGTAT TCACCGCGGCGTGCTGATCCGCGAT

TACTAGCGATTCCGGCTTCATGCAGGCGAGT TGCAGCCTGCAATCCGAACT GAGAGAAGC
ftrrrrrerrrrnrrrrrrrrrenrrrrerrnrnrrnnrrrnrrrrrrrnrrrrrrrrrrrnnnd
TACTAGCGATTCCGGCT TCATGLCAGGCGAGT TGCAGCCTGCAATCCGAACT GAGAGAAGT

TTTAAGAGATTTGCATGACCTCGCGGTCTAGCGACTCGTTGTACTTCCCATTGT AGCACG
ftirrrrrrrrnrnrerrrrn e rrenl
TTTAAGAGATTTGCATGACCTCGCGGTCTAGCGACTCGTTGTACTTCCCATTGT AGCACG

TETGTAGCCCAGGTCATAAGGGGCATGATGATTTGACGTCATCCCCACCTTCCTCCGGT T
frrrrrvrrrervrrrrrrerrrrertrnrpvrrnrerrrrerrrrrerrrrrrrrrnnnd
TETGTAGCCCAGGTCAT AAGGGGCATGATGATTTGACGTCATCCCCACCTTCCTCCGGT T

TGTCACCGGCAGTCTCGCTAGAGTGCCCAACT AAATGATGGCAACT AACAATAAGGGT TG
trrrrrrrrrrrrrrrrrrenrrrrerrrrerrrrrrrrrrrrrrrrrrrrrrrrbbnnnd
TGTCACCGGCAGTCTCGCTAGAGTGCCCAACTAAATGATGGCAACT AACAATAAGGETTG

CGCTCGT TGCGGGACT TAACCCCAACATCTCACGACACGAGCTGACGACAACCATGCACC
T e rrrrrrrrrrrnrrrrnenl
CGCTCGTTGCGGGACT TAA —CCCAACATCTCACGACACGAGCTGACGACAACCATGCACC

ACCTGTCACTTTGTCCCCAAAGGGAAAGCTCTATCTCTAGAGTGGTCAAAGGATGTCAAG
rrrrrrrrrrrrrrrrrrrrrrrrrr R rrRrrrrrrrrrrrrrrrrrrrrrrnend
ACCTGTCACTTTGTCCCCAAAGGGAAAGCTCTATCTCTAGAGTGGTCAAAGGATGTCAAG

ACCTEGGTAAGGTTCTTCGCGTTGCTTCGAATTAAACCACATGCT CCACCGCT TGT GCGGG
trrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrnrnrrrrrrrnrrrnrrnrrrrnnnnd
ACCTGGTAAGGTTCTTCGCGTTGCTTCGAAT TAAACCACATGCTCCACCGCT TGT GCGGG

CCCCCGTCAATTCCTTTGAGT TTCAACCT TGCGGTCGTACTCCCCAGGCGGAGTGCT T A A
ftrrrrrrrrrerrrrrrrrrrrrerrrererrnenrererererrrrrrrrrernrnnnd
CCCCCGTCAATTCCTTTGAGT TTCAACCTTGCGGTCGTACTCCCCAGGCGGAGTGCTTAA

TGCGT TTGCTGCAGCACT GAAGGGCGGAAACCCTCCAACACT TAGCACTCATCGT TTACG
e rrirrrrrrprrrrrrrrrrrrrrrrrrrrrrnrrrnnnd
TGCGTTTGCTGCAGCACT GAAGGGCGGAAACCCTCCAACACT TAGCACTCATCGTTTACG

GOCGTGGACTACCAGGGTATCTAATCCTGTTTGCTCCCCACGCTTTCGAGCCTCAGCGTCA
trrrrrrrrrrrrrrrrrrrrrrrerrrnrrrnnrnrrrenrrrrrrrrrrrrrrrnnnd
GrGTGGACTACCAGGGTATCTAATCCTGTTTGCTCCCCACGCTTTCGAGCCTCAGCGTCA

GTTACAGACCAGAGAGCCGCCTTCGCCACTGGTGTTCCTCCATATATCTACGCATTTCAC
tirrrrrrrrrerrrrrrrrrrnrrrrerrrrprrnerrrnrrrrrrrrrrrrrrnrrrrnnnd
GTTACAGACCAGAGAGCCGCCTTCGCCACTGGTGTTCCTCCATATATCTACGCATTTCAC

CECTACACATGGAATTCCACTCTCCTCTTCTGCACTCAAGTCTCCCAGTTTCCAATGACC
Lhrrrerrrrerrrer et re e rrerrrnnrtl
CGCTACACATGGAATTCCACTCTCCTCTTCTGCACTCAAGTCTCCCAGT TTCCAATGACT

CTCCCCGGT TGAGCCGGGGECT TTCACATCAGACT TAAGAAACCGCCTGCGCTCGCTTTA
A N R R NNy
CTCCCCGGT TGAGCCGGRGGCT TTCACATCAGACT TAAGAAACCGCCTGCGCTCGOTTTA

CGCCCAATAAATCCGGACAACGCT TGCCACCTACGTATTACCGCGGCTGCTGGCACGTAG
Lerrrerrrrrrrrerrrrrerrrerrrrrrerrerrrerrreeerererrrerrrnrnl
CGCCCAATAAATCCGGACAACGCT TGCCACCTACGTATTACCGCGGCTGCTGGCACGTAG

TTAGCCGTGGCTTTCTGGT TAGATACCGTCAGGGGACGT TCAGT TACTAACGTCCTTGTT
L rrrrrrrrer e e enrrrrrnnl
TTAGCCGTGGCTTTCTGGRT TAGATACCGTCAGGGGACGTTCAGTTACTAACGTCCTTGTT

CTTCTCTAACAACAGAGT TTTACGATCCGAAAACCT TCT TCACTCACGCGGCGT TGCTCG
Lrrrrerrereerreeerrrerrrrrrrrererrrrrrerrrrrerererrrernrnntl
CTTCTCTAACAACAGAGTTTTACGATCCGAAAACCTTCTTCACTCACGCGGCGTTGCTCG

GTCAGACTTTCGTCCATTGCCGAAGAT TCCCTACTGCTGCCTCCCGT AGGAGTCTGGGCC
TELRTRRr e e e et enerrrrrnnnntl
GTCAGACTTTCGTCCAT TGCCGAAGAT TCCCTACTGCTGCCTCCOGT AGGAGTCTGGGCE

GTGTCTCAGTCCCAGTGTGGCCGATCACCCTCTCAGGTCGGCTATGCATCGTGGCCTTGE
Lrrrreerrrerrrerrrerrrrrerrerrrrrrerrrrrrrerererrrrrerrrnnnl
GTGTCTCAGTCCCAGTGTGGCCGATCACCCTCTCAGGT CGGCTATGCATCGTGGCCT TGG

TGAGCCGTTACCTCACCAACTAGCTAATGCACCGCGGGTCCATCCATCAGCGACACCCGA
L errrren e enrrrrrrnnl
TGAGCCGTTACCTCACCAACTAGCTAATGCACCGCGGGTCCATCCATCAGCGACACCCGA

AAGCGCCTTTCACTCTTATGCCATGCGGCAT AAACTGTTATGCGGTATTAGCACCTGTTT
Frrrrerrrreerrererrrerererrrrrrerrerrrerrreeererrrrrernrrnntl
AAGCGCCTTTCACTCTTATGCCATGCGGCATAAACTGTTATGCGGTATTAGCACCTGTTT

CCAAGTGTTATCCCCCTCTGATGGGTAGGT TACCCACGTGTTACTCACCCGTCCGCCACT
Lrrrrrrrreerrnnernrernnrrerrrrrrrrrrnrerrreeerrnnrrerrrnnenl
CCAAGTGTTATCCCCCTCTGATGGGTAGGT TACCCACGTGT TACTCACCCGT CCGCCACT
CCTCTTTCCAATTGAGTGCAAGCACT CGGGAGGAAAGAAGCGTTCGACTTGCATGTAT

Lrrrrerrrrerrrererrrerrrrerrrrrrrrerrrerrrrrrrerrrrrernnnl
CCTCTTTCCAATTGAGTGCAAGCACTCGGGAGGAAAGAAGCGTTCGACTTGCATGTAT

Fig. 9. 16S rRNA sequencing of D-366 strain
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CTTAGGCGGCTGGLTCC—AAAAGGT TACCTCACCGACT TOGGGTGT TACAAACTCTCGTG
Tt e nrnrnnd
CTTAGGCGGCTGGCTCCAAAAAGGT TACCTCACCGACT TCGGGETGT TACAAACTCTCGTG

GTGTGACGGGCGGT GTGTACAAGGCCCGGGAADGTAT TCACCGUGGLGT GCT GATCCGCG
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlIIIlIIIlIlIIIII!IlIlII

GTGACGEGUGETGETGTACAAGGUCUGGGAACGTAT TCACCGUGECGTGCT GAT COCGUG
ATTACTAGCGAT TCCGGCT CAGGCGA GCCTGCAATCCGAACT GAGAGA A

IllIIIIIIIIIIIIIIIIIIIIIIIII|l|l|l|l|l|l|l|l|l|1|||l|lllllll
ATTACTAGCGATTCCGGCT TCATGCAGGOCGAGT TGCAGCCT GCAAT CCGAACT GAGAGA A

GCTTTAAGAGAT TTGCATGACCTCGCGGT AGCGACTCGT TGTACTTCCCAT TGTAGCA
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII]IIII
GETTTAAGAGAT TTGCATGACCTCGCGGTCTAGOGACTOCGT TGTACT TCCCAT TETAGCA

CGTGTGTAGCCCAGGTCATAAGGGGCATGATGAT TTGACGT CATCCCCACCT TCCTCOGG
AN N N N N N NN !
CETGTGTAGCCCAGGTCATAAGGGGCATGATGAT TTGACGT CAT CCCCACCT TCCT CCGG

TTTGTCACCGGCAGTCTCGCT A TGCCCAACT AAATGATGGCAACT AACAATAAGGGT
ItIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII1I1IIII
TTTGTCACCGGCAGTCTCGCTAGAGTGCCCAACTAAATGATGGCAACTAACAATAAGGGT

TGCGLTCGT TGCGEGACT TAACCCCAACATCTCACGACACGAGC T GACGACAACCATGCA
L p e el vt rvrn e rrr b Rnrnenrned
TGCGCTCGT TGLGGGACT TAA—CCCAACATCTCACGACACGAGCT GACGACAACCATGCA

CCACCTGTCACT TTGTCCOCCGAAGGGAAAGCTCTATCTOCTAGAGTGGTCAAAGGATGTCA
IR N A RN R R NN N
CCACCTGTCACT TTGTOCCCGAAGGGAAAGCTCTATCTCTAGAGTGGTCAAAGGATGTCA

AGACCTGGTAAGGTTCT TCGCGTTGCT TOCGAATTAAACCACATGCT CCACCGCT TGTGCG
IlIIIIIIIIIIIIIIIIIIIIIlIIIIIIIIIIIIIIIlIIIIIIIIIIlII!IilllI
AGACCTGGTAAGGT TCT TCGCGT TGCT TCGAAT TAAACCACATGCT CCACCGCT TGT GCG

GECCCCCGTCAATTCCT TTGAGT TTCAACCT TGOGGTCGTACTCCCCAGGOGGAGTGCTT
A N N N e,
GGCCCCCGTCAATTCCT TTGAGT T TCAACCT TGCGGTOGTACTCCCCAGGCGGAGTGCT T

AATGOETTTGCTGCAGCACT GAAGGGCGEAAACCCTCCAACACT TAGCACTCATCGTTTA
A R A
AATGOGTTTGCTGCAGCACTGAAGGGCGGAAACCCTCCAACACT TAGCACTCATCGTTTA

CEGECGTGGACTACCAGGGTATCTAATCCTGT TTGCTCCOCCACGCT TTCGAGCCT CAGCG
|||llllllllllllll||||||||||||||||||l|l|||l|l|l|l|l|l|l|l|l||
CEGCGTEEACT ACCAGEGTATCTAATCCTGT T TGCTCCCCACGET T TECGAGCCT CAGCGT

CAGTTACAGACCAG. AGCCGCCT TCGCCACTGGTGT TCCTCCATATATCTACGCATTTC
IIIIIIIEIIIlIlIIIIIlIIIIIIIlIlIlIlIlIlIlIlIIIlIlIIIlIlI]IlII
CAGTTACAGACCAGAGAGCCGCCT TCGCCACTGGTGTTCCTCCATATATCTACGCATTTC

ACCGCTACACATGGAAT TCCACTCTCCTCT TCTGLCACTCAAGTCTCCCAGT TTCCAATGA
trrrrnrnrerernrernrnrnrninrnrernrnrnrnrernrnnrnrrrrnrnrnrnnl
ACCGCTACACATGGAATTCCACTCTCCTCTTCTGCACTCAAGTCTCCCAGT TTCCAATGA

CCCTCCCOCGGT TGAGCOGEEGEEET TTCACATCAGACT TAAGAAACCGCCTGCGCTCGCT T
|IIIIIIIIIIlIIIIIlIlIIIlIIIlIIIIIlIIIIIIIIIIIIIIIIIIIII]IIII
CCCTCCCCGGET TGAGCCGGGEGGECT TTCACATCAGACT TAAGAAACCGCCT GCGCTCGCT

TACGOCCAATAAATCCOGACAACGCT TGCCACCT ACGTATTACCGCGGELT GOT GGCACGT
fTriripierpnnnnpennrnrninprnrernrnnpnrnnipninrnrnrnnnenrnil
TACGCCCAATAAATCCGGACAACGCTTGOCACCTACGTATTACCGOGGCT GCT GGCACGT

AGTTAGCCGTGGCTTTCTGGT TAGATACCGT CAGGGGACGT TCAGT TACTAACGTCCT
IIIIItllllIIIIIIIIIIIIIIIIIIIIIlIlIIIlIlIIIlIIIIIIIIIIIlIlII
AGTTAGCCGTGGCTTTCTGGT TAGATACCGT CAGGGGACGT TCAGT TACTAACGTCCTTG

TTETTOCTCTAACAACAGAGT TTTACGATCCGAAAACCTTCT TCACT CACGCGGLCGT TGCT
Trrhrnreretrennr e e renniernrnrnrerrnprnrrpernnrnrnnl
TTETTOCTCTAACAACAGAGT TTTACGATCCGAAAACCTTCT TCACT CACGLGGELGT TGCT

CGGTCAGACT TTCGTCCAT TGCCGAAGAT TCCCT ACTGCTGCCTCCCGT AGGAGTCT GGG
AN N N N NN RN Y|
CGGTCAGACT TTCGTCCAT TGCCGAAGAT TCCCT ACTGCTGCCTCCCGT AGGAGTCT GGG

COGTGTCTCAGTCCCAGT GTGGCCGAT CACCCTOTCAGGT CGGLT ATGCA T CGC—-GGCCT
ittt v erernrernbvrepnrnbnrrnrenry el
CCERTGTCTCAGTCCCAGTGT GRCCGAT CACCCTCTCAGGTOGGCTATGCAT CGCT GGCCT

GETGAGCCGT TACCTCACCAACTAGCTAATGCACCGCGGGTCCATCCATCAGCGACACT
IlIlIlIEIlIlIlIlIlIlIlIlIlIlIlIlIlIlIlIlIlIlIlIlIIIlI!I!IlIl
TGAGCCGT TACCTCACCAACTAGCTAATGCACCGCGGGTCCATCCAT CAGCGACA CC

COAAAGCGCCTTTCACTCTTATGCCATGCGGCAT AAACTGT TATGCGGTAT TAGCACCTG
AR RN R N R N R NN NN
CEAAAGCGLCT T TCACTCT TATGLCATGLGGLATAAACTGT TATGCGETATTAGCACCTG
TTTCCAAGTGTTATCCCCCTCTGATGEGTAGGT TACCCACGTGT TACT CACCCGT CCGCC
R N N N N N RNy
TTTCCAAGTGTTATCCCCCTCTGATGGGT AGGT TACCCACGTGT TACT CACCCGT CCGCT
ACTCCTCTTTCCAATTGAGT GCAAGCACT CGGGAGGAAAGAAGCGT TCGACTTGCAT—TA
Frrnrerpnerennrennrnrnrennrernirervrerrrerernrrrnrnenrnrer i
ACTCOCTCT T TOCCAAT TGAGT GLAAGCACTCEGGAGGAAAGAAGLGT TCGACT TGCATGT A
T 1435

T 1o

Fig. 10. 16S rRNA sequencing of E-5 strain
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CTTAGGCGGCTGGCTCC—AAAAGGT TACCTCACCGACTTCGGGTGTTACAAACTCTCGTG
Trrrrerrerereennrr et rperrrrrrerrrerrrnnnl
CTTAGGCGGCTGGECTCCAAAAAGGT TACCTCACCGACTTCGEGTGT TACAAACTCTCGTG

GTGTGACGGGCGGTGTGTACAAGGCCCGGGAACGTAT TCACCGCGGCGTGCTGATCCGCG
trrrrrrrrrrrrernrrerrerrrerrrrrrrrrrrrrrerrrrrrrrrrrerrrnntd
GTGTGACGGGCGETGTGTACAAGGCCCGEGGAACGTAT TCACCGCGGCGTGCTGATCCGCG

ATTACTAGCGATTCCGGCT TCATGCAGGCGAGT TGCAGCCTGCAATCCGAACTGAGAGAA
et rrrrrp e rrrerrrnnni
ATTACTAGCGATTCCGGCTTCATGCAGGCGAGT TGCAGCCTGCAATCCGAACTGAGAGAA

GCTTTAAGAGATTTGCATGACCTCGCGGTCTAGCGACTCGT TGTACTTCCCATTGTAGCA
trrrrrrrrrrrrerrrrrrrerrrrrrrerrerrrrrrrerrrrrrrerrrrrrrrnnd
GCTTTAAGAGATTTGCATGACCTCGCGGTCTAGCGACTCGTTGTACTTCCCATTGTAGCA

CGTGTGTAGCCCAGGTCATAAGGGGCATGATGATTTGACGTCATCCCCACCT TCCTCCGG
Pt rrerrperrerrrrrrrernrnnnl
CGTGTGTAGCCCAGGTCATAAGGGGCATGATGATTTGACGTCATCCCCACCT TCCTCCGG

TTTGTCACCGGCAGTCTCGCTAGAGTGCCCAACTAAATGATGGCAACTAACAATAAGGGT
Tinrrrrrrrerrererrrrrrenrrrrrrrerrrrrrrrrrrerrrrrrrrrrrrrrrnnd
TTTGTCACCGGCAGTCTCGCTAGAGTGCCCAACTAAATGATGGCAACTAACAATAAGGGT

TGCGCTCGTTGCGGGACTTAACCCCAACATCTCACGACACGAGCTGACGACAACCATGCA
frrrrrrrrrereerrrnerr reeerrrerrrrrrrrrrrrrrrrrrerrrrrrrnnnd
TGCGCTCGT TGCGGGACTTAA—CCCAACATCTCACGACACGAGCT GACGACAACCATGCA

CCACCTGTCACTTTGTCCCCGAAGGGAAAGCTCTATCTCTAGAGTGGTCAAAGGATGTCA
trrrrrrrrrrrrerrrrrrrerrrnrrrerrerrrrerrerrrrrrirerrerrrreend
CCACCTGTCACTTTGTCCCCGAAGGGAAAGCTCTATCTCTAGAGTGGTCAAAGGATGTCA

AGACCTGGTAAGGTTCTTCGCGTTGCT TCGAATTAAACCACATGCTCCACCGCTTGETGCG
e rrrerrrrrrrrr e rrrrenrrrernrrneni
AGACCTGGTAAGGTTCTTCGCGTTGCTTCGAATTAAACCACATGCTCCACCGCT TGTGCG

GGCCCCCGTCAATTCCTTTGAGT TTCAACCT TGCGGTCGTACTCCCCAGGCGGAGTGCT T
et rrrrnnnl
GGCCCCCGTCAATTCCTTTGAGT TTCAACCT TGCGGTCGTACTCCCCAGGCGGAGTGCT T

AATGCGTTTGCTGCAGCACT GAAGGGCGGAAACCCTCCAACACTTAGCACTCATCGTTTA
e ererrrrrerrrerrrrrrrrrrrr e e et
AATGCGTTTGCTGCAGCACT GAAGGGCGGAAACCCTCCAACACTTAGCACTCATCGTTTA

CGGCGTGGACTACCAGGGTATCTAATCCTGTTTGCTCCCCACGCT TTCGAGCCTCAGCGT
frrrrrrrrrerrerrrrrrrerrrrrrrrrrrenrrnrrrrerrrnrrrrrerrrrrnnl
CEGCGTGGACTACCAGGGTATCTAATCCTGTTTGCTCCCCACGCTTTCGAGCCTCAGCGT

CAGTTACAGACCAGAGAGCCGCCTTCGCCACTGGTGTTCCTCCATATATCTACGCATTTC
trrrrrrrrrerrerrrrerrrrrerrrrrrereerrrrrrerrrrvrrrnernrnnnd
CAGTTACAGACCAGAGAGCCGCCTTCGCCACTGGTGTTCCTCCATATATCTACGCATTTC

ACCGCTACACATGGAATTCCACTCTCCTCTTCTGCACTCAAGTCTCCCAGTTTCCAATGA
e rrprrrrrrnrrrrrrrrrrrrrrrrrrnrrrrnnnd
ACCGCTACACATGGAATTCCACTCTCCTCTTCTGCACTCAAGTCTCCCAGTTTCCAATGA

CCCTCCCCGGT TGAGCCGGGGGCTTTCACATCAGACTTAAGAAACCGCCTGCGCTCGCTT
frrrrrerrrrrreerrerrrrrrrrreerrrverrerrrrrreerrrrrrernrrrennd
CCCTCCCCGGT TGAGCCGGGEEGCTTTCACATCAGACTTAAGAAACCGCCTGCGCTCGCTT

TACGCCCAATAAATCCGGACAACGCT TGCCACCTACGTATTACCGCGGCT GCTGGCACGT
frrrrrrrerrrrrrrnrrrrrrrrrrrrrrrrerrrerrrrrrerrrrrrrrnrrnrrrend
TACGCCCAATAAATCCGGACAACGCT TGCCACCTACGTATTACCGCGGCT GCTGGCACGT

AGTTAGCCGTGGCTTTCTGGT TAGATACCGTCAGGGGACGTTCAGTTACTAACGTCCTTG
Trrrrrerrrrrrerrrrerrrrrrrrrrrrerrrerrrrrrerrrrrrrrrrrnrnnnd
AGTTAGCCGTGGCTTTCTGGRT TAGATACCGTCAGGGGACGTTCAGTTACTAACGTCCTTG

TTCTTCTCTAACAACAGAGTTTTACGATCCGAAAACCTTCTTCACTCACGCGGCGT TGCT
trrrrrrerrenrrrerrrrrrrenrrrrrrerrrrrrrrrrrerrrrrrrerrrrrntd
TTCTTCTCTAACAACAGAGT TTTACGATCCGAAAACCTTCTTCACTCACGCGGCGTTGCT

CEGTCAGACTTTCGTCCAT TGCCGAAGATTCCCTACTGCTGCCTCCCGT AGGAGTCTGGG
frrrrrerrrrrrrrrrrrrrrererrrrrrnrrrerrrrrrerrrrrrrrnerrrnnnd
CGGTCAGACTTTCGTCCAT TGCCGAAGATTCCCTACTGCTGCCTCCCGT AGGAGTCTGGGE

CCGTGTCTCAGTCCCAGTGTGGCCGATCACCCTCTCAGGTCGGCTATGCATCGCGGCCTT
Frrnrrenrrrnrerrrerrrrererperennrrnrrrerrrrnrrenreer el
CCGRTGTCTCAGTCCCAGTGTGGLCCGATCACCCTCTCAGGTCGGCTATGCATCGTGGCCTT

GGTGAGCCGTTACCTCACCAACTAGCTAATGCACCGCGGRTCCATCCATCAGCGACACCC
trrrrrrerrrnrrrerrrrrerrenrrrrrrrerrrerrrerrrerrrrrrrenrrnrrennd
GETGAGCCGTTACCTCACCAACTAGCTAATGCACCGCGGGTCCATCCATCAGCGACACCC

GAAAGCGCCTTTCACTCTTATGCCATGCGGLCATAAACTGTTATGCGGTATTAGCACCTGT
Lrrrrrrerrrrrrrerrrrrrrrerrrrerrrrrerrrrrrrerrrrrrrrrrrrnnnl
GAAAGCGCCTTTCACTCTTATGCCATGCGGCATAAACTGT TATGCGGTATTAGCACCTGT

TTCCAAGTGTTATCCCCCTCTGATGGGTAGGT TACCCACGTGT TACTCACCCGTCCGCCA
Tt reerrprrrenrrerrrrrrerrrrerrrnerrrnend
TTCCAAGTGTTATCCCCCTCTGATGGGTAGGT TACCCACGTGT TACTCACCCGTCCGCCA
CTCCTCTTTCCAATTGAGT GCAAGCACTCGGGAGGAAAGAAGCGTTCGACTTGCAT—TAT

trrrrrrerrrerrrerrrrrrerrrrrrrrerrrerrrerrrerrrrrrrenrrr el
CTCCTCTTTCCAATTGAGTGCAAGCACTCGGGAGGAAAGAAGCGTTCGACTTGCATGTAT

Fig. 11. 16S rRNA sequencing of E-16 strain
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TTAGACGGCTGGCTCCCGAAGGT TACCCCACCGGCTTTGGGTGT TACAAACTCTCATGGT
frrerrrerrrnrrrrrrererrrrrrrernrnrrnnrerrrrrrrerrrrrrrrrennl
TTAGACGGCTGGCTCCCGAAGGT TACCCCACCGGCTTTGGGTGTTACAAACTCTCATGGT

GTGACGGGCGRTGTGTACAAGACCCGGGAACGTAT TCACCGCGGCGTGCTGATCCGCGAT
fTrrerrrrrrrrrrerrerrrrrrerrerrnrrrrerrenrrerrrerprrrnnrnnel
GTGACGGGECGETGTGTACAAGACCCGGEAACGTAT TCACCGCGEGCGTGCTGATCCGCGAT

TACTAGCGATTCCGACTTCATGT AGGCGAGT TGCAGCCTACAATCCGAACTGAGACGTAC
ftrrrrrrerrrrrrrnrrerrrrrrnrrrrrrnrrenrrrrrrrrrrnrrnrrrnrrennl
TACTAGCGATTCCGACT TCATGT AGGCGAGT TGCAGCCTACAATCCGAACTGAGACGTAC

TTTAAGAGATTAGCTCACCCTCGCGGGT TGGCAACTCGTTGTATACGCCATTGT AGCACG
Tt entl
TTTAAGAGATTAGCTCACCCTCGCGGGT TGGCAACTCGTTGTATACGCCATTGTAGCACG

TETGTAGCCCAGGTCATAAGGGGCATGATGATTTGACGTCATCCCCACCTTCCTCCGGT T
fTirrrrrrerrrerrrnrreerrrrrererrrnnrrerrrvrrnrrrrrnrnrrnnnentl
TETGTAGCCCAGGTCATAAGGGGCATGATGATTTGACGTCATCCCCACCTTCCTCCGGTT

TGTCACCGGCAGTCTCACTAGAGT GCCCAACTGAATGCTGGCAACTAGT AATAAGGGT TG
Tt rrrnentl
TGTCACCGGCAGTCTCACT AGAGT GCCCAACTGAATGCTGGCAACTAGTAATAAGGGT TG

CGCTCGTTGCGGGACT TAACCCAACATCTCACGACACGAGCT GACGACAACCATGCACCA
frrrrrrerrnrerrrrpreenrrrrrernerrrrrrrerrrrrrrrrrrrrrrrrnnrenni
CGCTCGTTGCGGGACT TAACCCAACATCTCACGACACGAGCT GACGACAACCATGCACCA

CCTGTCACCTTGTCCCCGAAGGGAACACTCCATCTCTGGAGT TGTCAAGGGATGT CAAGA
trrrrrrenrrrrrnenrrernrnrer v rrrrrrnnnennd
CCTGTCACCTTGTCCCCGAAGGGAACGCTCCATCTCTGGAGT TGTCAAGGGATGTCAAGA

CCTEGTAAGGT TCTTCGCGTTGCTTCGAATTAAACCACATGCTCCACCGCT TGTGCGGGT
Pt rrrrrrrrrrrprrrLrRnnl
CCTGGTAAGGTTCTTCGCGTTGCTTCGAATTAAACCACATGCTCCACCGCT TGTGCGGGT

CCCCGTCAATTCCTTTGAGT TTCAACCT TGCGGTCGT ACTCCCCAGGCGGAGTGCTTAAT
Pt errnrnrnrnrrerrrrrrrrernrnrrenrinrre e rrrenel
CCCCGTCAATTCCTTTGAGT TTCAACCT TGCGGTCGTACTCCCCAGGCGGAGTGCTTAAT

GCGTTAGCTGCGGCACT TAAGGGCGGAAACCCTCAAACACCTAGCACTCATCGTTTACGG
frrrrrrrnrerrrnnpeenrr e rerrrnrrenrrerrrrrrrrrrrrrrrrnenl
GCGTTAGCTGCGGCACTTAAGGGCGGAAACCCTCAAACACCTAGCACTCATCGTTTACGG

TGTGGACTACCAGGGTATCTAATCCTGTTTGCTACCCACACTTTCGAGCCTCAACGTCAG
frrrrrrrrrnrernrrpenrrnennrrnrnrnenrrvrrnrnrrnnnerennnntel
TOTGEACTACCAGGGTATCTAATCCTGTTTGCTACCCACACTTTCGAGCCTCAACGTCAG

TTACAGTCCAGAAAGCCGCCT TCGCCACTGGTGTTCTTCCATATATCTACGCATTTCACC
fTirrrrrrrrrrrrnrrerrrrrenrprrrrrrnnrerrnrrrrrrnnrnrrrnnnentl
TTACAGTCCAGAAAGCCGCCTTCGCCACTGGTGTTCTTCCATATATCTACGCATTTCACC

GCTACACATGGAGTTCCACTTTCCTCTACTGCACTCAAGTCATCCAGTTTCCAAAGCAAT
trrrrrrnrrrnrrernenrerrerrrnrrenrrrrrrnrrrrnrrrrennrerrnnnnl
GCTACACATGGAGTTCCACTTTCCTCTACTGCACTCAAGTCATCCAGTTTCCAAAGCAAT

TCCTCAGTTGAGCTGAGGGCTTTCACTTCAGACTTAAATAACCGTCTGCGCTCGCTTTAC
Trrrrerrrrerrerrnnrrrrrr e errrerre e ennnl
TCCTCAGT TGAGCTGAGGGCT TTCACT TCAGACT TAAATAACCGTCTGCGCTCGCTTTAC

GCCCAATAAATCCGGATAACGCT TGAAACATACGTATTACCGCGGCTGCTGGCACGTATT
ey reereverrrrerrreerrrrrenrrrernrrnnnl
GCCCAATAAATCCGGATAACGCT TGGAACATACGTATTACCGCGGCTGCTGGCACGTATT

TAGCCGTTCCTTTCTGGTAAGATACCGTCACACATTGAACAGTTACTCTCAATGTCATTC
N N N N N N N N RN RN
TAGCCGTTCCTTTCTGGTAAGATACCGTCACACATTGAACAGTTACTCTCAATGTCATTC

TTCTCTTACAACAGTGT TTTACGAGCCGAAACCCT TCATCACACACGCGGCGT TGCTCCA
Lrrrrreerrerrrrrrenrrerrrerrrrrerrrirreerrrerrrrrrrrrernernnd
TTCTCTTACAACAGTGTTTTACGAGCCGAAACCCT TCATCACACACGCGGCGT TGCTCCA

TCAGGCTTTCGCCCATTGTGGAAGATTCCCTACTGCTGCCTCCCGTAGGAGT ATGGGCCG
trrrrrrrrrerrrrrrrrrvrrerrrrrrrerrrrrenrreerrnrrerrrernnnnnd
TCAGGCTTTCGCCCATTGTGEAAGATTCCCTACTGCTGCCTCCCGTAGGAGT ATGGGCCG

TGTCTCAGTCCCATTGTGGCCGATCAGTCTCTCAACTCGGCTATGCATCATCGCCT TGGT
Lrrrrrrrrrrrerrrernrrverrrrrrrrrerrrrrenrrrerrrrrerrrernrnnnnd
TETCTCAGTCCCATTGTGGCCGATCAGTCTCTCAACTCGGCTATGCATCATCGCCT TGGT

AAGCCATTACCTTACCAACTAGCTAATGCACCGCGGGACCATCTCTTAGTGATAGCAGAA
trrrrrrnrrnrrrerrernrerrrrrrnrrenrrrrrrnnrerrnrrennrernnnnnl
AAGCCATTACCTTACCAACTAGCTAATGCACCGCGGGACCATCTCTTAGTGATAGCAGAA

CCATCTTTTAAATAACAACCATGCGGTTGTCATTGTTATACGGTATTAGCATCTGTTTCC
Pt e rrernrrernrnnrnd
CCATCT T T TAAATAACAACCATGCGGTTGTCATTGTTATACGGTATTAGCATCTGTTTCC

AAATGTTATCCCCTGCTAAGAGGT AGGTTTCCCACGTGT TACTCACCCGT TCGCCACTCT
trrrrrrrrrrrrrrrrrrrverrrrrrrrrerrrrrerrrerrrrrrerrrerrrnnnd
AAATGTTATCCCCTGCTAAGAGGTAGGTTTCCCACGTGTTACTCACCCGT TCGCCACTCT

TTGECAATGTCCATCGTCATATCTGAGCAAGCTCTTCAAATCAGTTGAACCACAAAGCGTT
trrrrrrerrrerrrrrrrrvrrrrrrrrrrerrerrrrrrerrrrrrerrrerrrnnnd
TTGCAATGTCCATCGTCATATCTGAGCAAGCTCTTCAAATCAGT TGAACCACAAAGCGTT
CGACT-GCATGTATAGCNCCC 1460

LErLr e i
CGACTTGCATGTATAGCACCC 10

Fig. 12. 16S rRNA sequencing of F-13 strain
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TTAGACGGCTGGCTCCCGAAGGT TACCCCACCGGCT TTGGGTGTTACAAACTCTCATGGT
trrrrrerrrrrrrerrrerrrrrrrrrrrrrrrrrrrnrrrrrrrrrrrprrnrennnd
TTAGACGGCTGGCTCCCGAAGGT TACCCCACCGECTTTGEGTGTTACAAACTCTCATGGT

GTGACGGGCGGTGTGTACAAGACCCGGGAACGTATTCACCGCGGCGTGCTGATCCGCGAT
trrrrrrrrrrnrrrenrrrrrrrnrrrrrrnprrrrrrrrnrrrrrrnrrrnnnnnnnld
GTGACGGGCGGTGTAGT ACAAGACCCGGGAACGTATTCACCGCGGCGTGOCTGATCCGCGAT

TACTAGCGATTCCGACTTCATGTAGGCGAGT TGCAGCCTACAATCCGAACTGAGACGTAC
ftrirrrrrrrnrnrrrenrererrrrrrrrrrnnprrrrrrrrrrrrrrrrrrrrrrrnnl
TACTAGCGATTCCGACTTCATGTAGGCGAGT TGCAGCCTACAATCCGAACTGAGACGTAC

TTTAAGAGATTAGCTCACCCTCGCGGGT TGGCAACTCGTTGTATAAGCCATTGT AGCACG
frrrrrrrrrerrrrernrerrrrrnrrrrrnererrerrrrrrrr ot
TTTAAGAGATTAGCTCACCCTCGCGGGTTGGCAACTCGTTGTATACGCCATTGT AGCACG

TGTGTAGCCCAGGTCATAAGGGGCATGATGATTTGACGT CATCCCCACCT TCCTCCGGT T
trrrrrererrrrnerrererrrrrrprrrerprrrrrrrrrrrrrrnrrrrnrrrnnl
TGTGTAGCCCAGGTCAT AAGGGGCATGATGATTTEACGTCATCCCCACCT TCCTCCGGT T

TGTCACCGGCAGTCTCACTAGAGTGCCCAACTGAATGCTGGCAACTAGTAATAAGGGTTG
trrrrrrrrrrrrrenreerrrrrrrrerrrrprrrrrrrrrrrrrrrnrrrrrrrnnnl
TGTCACCGGCAGTCTCACTAGAGTGCCCAACTGAATGCTGGCAACTAGTAATAAGGGTTG

CGCTCGT TGCGGGACT TAACCCAACATCTCACGACACGAGCTGACGACAACCATGCACCA
tirrrrrrrrnrrrrenrrerrrrrrrrrreprrrerrrrrrrrrrrr e rrrrrrrrrrnnld
CGCTCGT TGCGGGACT TAACCCAACATCTCACGACACGAGCTGACGACAACCATGCACCA

CCTGTCACCT TGTCCCCGAAGGGAACGCTCCCATCTCTGGAGT TGTCAAGGGATGTCAAG
frrrrrrrrrrrrrenreerrrrrrrre rnprrprrrrrrrrrrrrrrRRrrbbnnnl
CCTGTCACCTTGTCCCCGAAGGGAACGCT CCATCTCTGGAGT TGTCAAGGGATGTCAAG

ACCTGGTAAAGGTTCTTCGCGTTGCTTCGAATTAAACCACATGCTCCACCGCT TGT GCGG
T rrnnrrenrrerrnrnrnrrrnnnrrnprrrrrrrrrnrrrrrnnrrnrnnnnnld
ACCTGGT—AAGGTTCT TCGCGTTGCTTCGAATTAAACCACATGCTCCACCGCT TGT GCGG

GTCCCCGTCAATTCCTTTGAGT TTCAACCT TGCGGTCGTACTCCCCAGGCGGAGTGCTTA
T nerrrerrrrerrrer e rerrrrnrerrnrnrennl
GTCCCCGTCAATTCCTTTGAGT TTCAACCT TGCGGTCGTACTCCCCAGGCGGAGTGCTTA

ATGCGT TAGCTGCGGCACT TAAGGGCGGAAACCCTCAAACACCTAGCACTCATCGTTTAC
N N NNy
ATGCGTTAGCTGCGGCACTTAAGGGCGGAAACCCTCAAMACACCTAGCACTCATCGTTTAC

GGTGTGGACTACCAGGGTATCTAATCCTGTTTGCTACCCACACT TTCGAGCCTCAACGTC
e rrerrrerrrrrrrrprreerrrrrrrrrrrrrrrrrrprrrrrrnnt
GETGTGGACTACCAGGGTATCTAATCCTGTTTGCTACCCACACTTTCGAGCCTCAACGTC

AGTTACAGTCCAGAAAGCCGCCTTCGCCACTGGTGTTCTTCCATATATCTACGCATTTCA
frrrrrrrrrrrrrerrnrrrrrrrnrrrrrrnrrrrrrrrrrrrrrrrrrrrrnennnnl
AGTTACAGTCCAGAAAGCCGCCT TCGCCACTGGTGTTCTTCCATATATCTACGCATTTCA

CCGCTACACATGGAGTTCCACTTTCCTCTACTGCACTCAAGTCATCCAGTTTCCAAAGCA
trrrrerrererrrrrrrrererrrrrrrrrrrrrrrrrerrrrrrrrrrrrrrrrrrrrnnd
COGCTACACATGGAGTTCCACTTTCCTCTACTGCACTCAAGTCATCCAGT TTCCAAAGCA

ATTCCTCAGTTGAGCTGAGGGCTTTCACTTCAGACTTAAATAACCGTCTGCGCTCGCTTT
trrrrerernrerrerrrrrrrrrrrerreneprrrerrrrrrrrrrrrrnrnrnnnnnl
ATTCCTCAGTTGAGCTGAGGGCTTTCACTTCAGACTTAAATAACCGTCTGCGCTCGCTTT

ACGCCCAATAAATCCGGATAACGCTTGGAACATACGTATTACCGCGGCTGCTGGCACGT A
thrrrnerrerrrerrrrrrrerrrenrreenprrn e r e enrrennnl
ACGCCCAATAAATCCGGATAACGCTTGGAACATACGTATTACCGCGGCTGCTGGCACGT A

TTTAGCCGTTCCTTTCTGGTAAGATACCGTCACACATTGAACAGT TACTCTCAATGTCAT
trrrrererprerrrrrrrrrrrrrrenrnneprrrrrrrrrrrrrrrrrrrrrrrennd
TTTAGCCGTTCCTTTCTGGTAAGATACCGTCACACAT TGAACAGTTACTCTCAATGTCAT

TCTTCTCTTACAACAGTGTTTTACGAGCCGAAACCCTTCATCACACACGCGGCGTTGCTC
trrrrrrrrerrrrrrrrrrrrrrrrrrerrrrrrrerrrrrrrrrrrrrrrrrrnrnnl
TCTTCTCTTACAACAGTGT TTTACGAGCCGAAACCCTTCATCACACACGCGGCGTTGCTC

CATCAGGCTTTCGCCCATTGTGGAAGATTCCCTACTGCTGCCTCCCGTAGGAGT ATGGGC
trrrrrerrrrerrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrennnd
CATCAGGCTTTCGCCCATTGTGGAAGAT TCCCTACTGCTGCCTCCCGTAGGAGT ATGGGC

CGTGRTCTCAGTCCCATTGTGGCCGATCAGTCTCTCAACTCGGCTATGCATCATCGTCTTG
ftrrrrerernrrrrrrrrrrrrrrrrerrrnrrrrrrrrrrrrrrrrrrrnrrrrnnnnd
CETGTCTCAGTCCCATTGTGGCCGATCAGTCTCTCAACTCGGCTATGCATCATCGTCTTG

GTGAGCCATTACCTCACCAACTAACTAATGCACCGCGGGACCATCTCTTAGTGATAGCAG
trrrrrreerrrrrrrrrrererrrrrrrrrrrrrrrrerrrrrrrrrerrrr el
GTGAGCCATTACCTCACCAACTAACTAATGCACCGCGGGACCATCTCTTAGTGATAGCAG

AACCATCTTTTAAGTAGCAACCATGCGGTTGCTATTGTTATACGGTATTAGCATCTGTTT
trrrrererrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrnnennd
AACCATCTTTTAAGTAGCAACCATGCGGTTGCTATTGTTATACGGTATTAGCATCTGTTT

CCAAATGTTATCCCCTGCTAAGAGGTAGGT TTCCCACGTGTTACTCACCCGT TCGCCACT
fthrrreerrrnrrrrrrrrrerrrenrrenperererrnrrrrnrrrnrrenrnennnl
CCAAATGTTATCCCCTGCTAAGAGGTAGGT TTCCCACGTGT TACTCACCCGT TCGCCACT

CTTTGCAATGTCCATCGTCATATCTGAGCAAGCTCTTCAAATCAGTTGAACCACAAAGCG
trrrrerernrerrernrrrrrrrreenrernprrrerrrr e rrrrrrrrrennd
CTTTGCAATGTCCATCGT CATATCTGAGCAAGCTCTTCAAATCAGTTGAACCACAAAGCG
TTCGACTGCAT-TATAGC 1458

frrrrerreerr el
TTCGACTGCATGTATAGC 18

Fig. 13. 16S rRNA sequencing of F-22 strain
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TTAGACGGCTGGCTCCCGAAGGT TACCCCACCGGCT TTGGGTGTTACAAACTCTCATGGT
trrprrrrrrerrrrrrrrrrrrrrrrererrrrrrrrrrrrrrrrrrernrrrnernnl
TTAGACGGCTGGCTCCCGAAGGT TACCCCACCGGCTTTGGGTGTTACAAACTCTCATGGT

GTGACGGGCEGETGTGTACAAGACCCGGGAACGTAT TCACCGCGEGCGTGCTGATCCGCGAT
Tt ernrrnnnnl
GTGEACGGEGECEGGETGTGTACAAGACCCGEEAACGTAT TCACCGCGGCGTGCTGATCCGCGAT

TACTAGCGATTCCGACT TCATGT AGGCGAGT TGCAGCCTACAATCCGAACTGAGACGT AC
fTrrrrrrnrrrerrrrrrrrrrr e rrrerreererrrrennnl
TACTAGCGATTCCGACTTCATGT AGGCGAGT TGCAGCCTACAATCCGAACTGAGACGT AC

TTTAAGAGATTAGCTCACCCTCGCGGGT TGGCAACTCGTTGTATACGCCATTGTAGCACG
ftirrrrrnrrrrrrrrrrrrrrrpnprrrnrrrrnrnnrrrrrrerrrRrrrnrrnnrnl
TTTAAGAGAT TAGCTCACCCTCGCGGEGT TGGCAACTCGTTGTATACGCCATTGTAGCACG

TGTGTAGCCCAGGTCATAAGGGGCATGATGATTTGACGT CATCCCCACCT TCCTCCGGT T
frrerrrrrrerrrrrrrrrrrrerrrerrrrrrrrrrrrrrrrrrrrrrrrrrnrnenn
TETGTAGCCCAGGTCAT AAGGGECATGATGATTTGACGTCATCCCCACCT TCCTCCGGT T

TGTCACCGGCAGTCTCACTAGAGTGCCCAACTAAATGCTGGCAACTAGTAATAAGGGTTG
||IIIIIIIIlIIIIIIIIIIIIII[]IIII||Il||lIIIIII[lIIIIIIIIIIIIII
TGTCACCGGCAGTCTCACTAGAGTGCCCAACTAAATGCTGGCAACTAGTAATAAGGGTT

CGCTCGT —GCGGGGACT TAAACCCAACATCTCACGACACGAGCT GACGACAACCATGCAC
I I N e N RN R
CGCTCET TGCGGG—ACTTAA -—CCCAACATCTCACGACACGAGCT GACGACAACCATGCAC

CACCTGTCACCTTGTCCCCGAAGGGAACGCTCCCATCTCTGGAGT TGTCAAGGGATGTCA
ittt e rrnrrnnnnd
CACCTGTCACCTTGTCCCCGAAGGGAACGCTCC—ATCTCTGGAGT TGTCAAGGGATGTCA

AGACCTGGTAAGGGTTCTTCGCGT TGCTTCGAATTAAACCACATGCTCCACCGCTTGTGC
trrrrernreerr e nrrerrrrrr e r R RrRrrnLnnnnl
AGACCTGGRTAAGG—TTCTTCGCGT TGCTTCGAATTAAACCACATGCTCCACCGCTTGTGC

GEGETCCCCGTCAATTCCTTTGAGT TTCAACCT TGCGGTCGT ACTCCCCAGGCGGAGTGCT
Tt rrnrrrpnpnernnnnnrnrrrrrrrerreerennnrnnnnl
GEGETCCCOCGTCAATTCCTTTGAGT TTCAACCT TGOCGGTOCGT ACTCCCCAGGCGGAGTGCT

TAATGCGTTAGCTGCGGCACTTAAGGGCGGAAACCCTCAAACACCTAGCACTCATCGTTT
frrprrrrrrrrerrrrerrrrrrnrrerrrrrnrrrrrrrrrrrrrrrrnrrennenn
TAATGCGT TAGCTGCGGCACTTAAGGGCGGAAACCCTCAAACACCTAGCACTCATCGTTT

ACGGTGTGGACTACCAGGGTATCTAATCCTGTTTGCTACCCACACTTTCGAGCCTCAACG
trrerrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrnrrrrernnd
ACGGTGTGGACTACCAGGGTATCTAATCCTGT TTGCTACCCACACT TTCGAGCCTCAACG

TCAGTTACAGTCCAGAAAGCCGCCTTCGCCACTGGTGTTCTTCCATATATCTACGCATTT
frrrrrrnrerrrrrrrrrnrrrerpnennnrnnnrr b rrrrprnrrnnnnnnl
TCAGTTACAGTCCAGAAAGCCGCCTTCGCCACTGGTGTTCTTCCATATATCTACGCATTT

CACCGCTACACATGGAGT TCCACTTTCCTCTACTGCACTCAAGTCATCCAGTTTCCAAAG
trrrrrrrrrrrrrrrrrrrrereerrrrrrrrrrrrrrrrerrrrrrrrerrrrrrnel
CACCGCTACACATGGAGTTCCACTTTCCTCTACTGCACTCAAGTCATCCAGTTTCCAAAG

CAATTCCTCAGT TGAGCTGAGGGCTTTCACTTCAGACTTAAATAACCGTCTGCGCTCGC
!IIll||||||IllllI[]IIII|IlllllI||||||||[]||]||||||||Ill|||||
CAATTCCTCAGTTGAGCTGAGGGCTTTCACTTCAGACTTAAATAACCGTCTGCGCTCGCT

TTACGCCCAATAAATCCGGATAACGCT TGGAACATACGTATTACCGCGGCTGCTGGCACG
trrrrrrrrrrrerrrrrrerererrrrererrrrrerrrerrrrrrerrrrrrrrnrrnnl
TTACGCCCAATAAATCCGGATAACGCT TGGAACATACGTATTACCGCGGCT GCTGGCACG

TATTTAGCCGTTCCTTTCTGRTAAGATACCGTCACACATTGAACAGTTACTCTCAATGTC
frrrrrrrrrrrrrrrnernrnrerrrrrrrrrrrrrrrprrrrrrrnrrrrrrerennl
TATTTAGCCGTTCCTTTCTGETAAGATACCGTCACACATTGAACAGTTACTCTCAATGTC

ATTCTTCTCTTACAACAGTGTTTTTACGAGCCGAAACCCTTCATCACACACGCGGCGTTG
PR v rrrrrrerrrnrerrrrrrrrenrinnl
ATTCTTCTCTTACAACAGTGTTTT-ACGAGCCGAAACCCTTCATCACACACGCGGCGTTG

CTCCATCAGGCCTTTCGCCCCATTGTGGAAGATTCCCTACTGCTGCCTCCCGT AGGAGT
e rrrenend IIIIIIIIIIIIIIIIII[IIIIIIIIIIIIIIIIIIII
CTCCATCAGGC—TTTCGCCC—ATTGTGGAAGATTCCCTACTGCTGCCTCCCGT AGGAGT A

TGGEGECCGTGTCTCAGTCCCATTGTGGCCGATCAGTCTCTCAACTCGGCTATGCATCATCG
trrrrrrrrrrerrrrrrrrerrrrrrrrerrrrrrrrrrrrrrrrrrrrrrrrrrrennd
TGGEGECCGTGTCTCAGTCCCATTGTGGCCGATCAGTCTCTCAACTCGGCTATGCATCATCG

TCTTGGTGAGCCATTACCTCACCAACTAACTAATGCACCGCGGGACCATCTCTTAGTGAT
IIIllIIIIIIIIIllllIIIIIIIIIIlIIIIIIIIIIlIIIIII|IIIIIIlIIIIII
CTTGGTGAGCCATTACCTCACCAACTAACTAATGCACCGCGGGACCATCTCTTAGTGAT

AGCAGAACCATCTTTTAAGTAGCAACCATGCGGTTGCTATTGTTATACGGTATTAGCATC
PR rererrrrrrrrrrrrrrrrrrrrenrnrnnnnnnnrrneninil
AGCAGAACCATCTTTTAAGTAGCAACCATGCGRTTGCTATTGTTATACGGTATTAGCATC

TETTTCCAAATGTTATCCCCTGCTAAGAGGTAGGT TTCCCACGTGTTACTCACCCGTTCG
frrrrrrrrrrrrrrerrrrrererrrrrrrrrrrrrrrerenrnrnrrrrrrrrrrnntl
TERTTTCCAAATGT TATCCCCTGCTAAGAGGTAGGTTTCCCACGTGT TACTCACCCGTTCG

CCACTCTTTGCAATGTCCATCGTCATATCTGAGCAAGCTCTTCAAATCAGT TGAACCACA
trrrrrrrrrrnrrrrrrrrrrererrrrrrrerrrrrrrenerrrrrrrrnrrrrrnntl
CCACTCTTTGCAATGTCCATCGTCATATCTGAGCAAGCTCTTCAAATCAGT TGAACCACA
ALGCGTTCGACTGCAT—TATAGCN—CCCCC 1469

frrnernnerrnnner pnnend Hinni
AAGCGTTCGACTGCATGTATAGCTGCCCCC 4

Fig. 14. 16S rRNA sequencing of F-24 strain
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AGGCEGECTEETTCCT AAAAGSGT TACCCCACCEACT TT GEGTGT TACA AACTCT CAT G5
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
AGGCEGECTEGETTCCT AMAAGGT TACCCCACCEACT TT GEGTGT TACA AACTCT CAT G5

TEACEHGEGOGEGETET GT ACAAGGCCDGEGA ACGTAT TCA COGCESCAT GCT GAT COSEC
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
TETEACHEGEOSEGETET GT ACA A GGCCOGESA ACGTAT TCACOGCGEECAT GET GAT COGECES

TTACTAGCGAT TOCGACTTCATGTAGGCSAGT TEHCSAGCC T ACA AT COSA ACT GA GAMA T G5
trrrrrrrrrrrrerrrrrrrerrrrrrerrrrrrrrrrrrerrerrrrrrrrrrrrnnd
TTACTAGCGAT TOCGACTTCATGT AGGCSEA GT TEHCAGCC T ACA AT COSEA ACT Go GaAL T EHE

CTTTAAGAGAT TAGCTTACT CTCGOGEAGT TOGCAACTOSET TGTACCAT CCAT THT AGCAC
trrrrrrerrrrrrerererererrrrerrrererrrrrerrrererrrrrr el
CTTTAAGAGAT TAGCTTACT CTCGEGAGT TOGCAACTOGT TGTACCATCCAT TGT AGCAC

GITGTGTAGCCCAGGTCATAAGEGGCATGATGAT TTGACGT CAT CCCCACCT T O T CGET
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
GTGTGTAGCCOCAGGT CATAAGEGGCATEGATEGAT TTGACGTCAT CCCCACCT TOCST C4G

TTGTCACCGECAGT CTCACCAGA GTGCC A ACT TAA TG TEGCAACTGA TAATAAGSST
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
TTGTCACCGECAGT CTCACCAGA GTECCEAACT TAA TG TEGCAACTGA TAATAAGSGT

CEGCTOGT TECGESACT TAACCCAACATCT CACGACACGAGCT EACEACALCCA T E50A C

trrrrerrrrerrerrrrrreerrrerrrerrrerrrrrrtrerrrrrrrrrrrrrrrrnd
COGCTCGT TECGEGACT TAACCCAACATCT CACGACACGAGCT GACGEA CAL CCA T GTA T

ACCTGTATCCATGT COCCEA AGGGAAMCGTCTAATCTCTTAGAT TTGCAT AGT AT GTCA AG
trrrrerrrrrrrerrrerrrrerrrrrrerrrrrrrrrrrrrrrerrrrrrrrrrrrrnd
ACCTGTATCCATGT COCCEA AEGGAACGTCTAATCTCTTAGAT TTGCATAGT ATGTCA AL

ACCTEGGTAAGGT TCT TCGOGT AGCTTCGAATTAAACCACATGCTCCACCEST TGT GLGEG
trrrrerrrrrrrerrrerrrrrrrrrrrrrrrrrrrrrrrirrrrrrrrrrrrrrrrnrtd
ACCTEGGTAAGST TECT TCGUGT AGCTTCGAATT AAACCACA TGCTCCACCEET TGRT GRGEEE

COCCOGTCAATTOCT TTGAGT TTCAGCCT TECGECCGTACTOCCA EECEEA AT GOT T Al
trrrrrrrrrrrrerrrrrrvrrrrrrrerrrrrrrrrrrirrrrrrrrrrrrrirrrrnd
COCCOGTLAATTOCET TTGAGT TTCAGECT TECGECCGTACTOCCA EEEEEA AT GOT T A

TGLGT TAGCTGLAGCACT G4 & EEGCEGEAS A CCCTCCAACACT TAGCATTCATOST TT ACE
trrrrrrrrrrrrerrrrrrrerrrrrrerrrrrrrrrrrrtrrrrerrrrrrrrrrrrrnd
TGLGT TAGCTGLAGCACT GA A EGGLGGEAAACCCTCCAACACT TAGCAT TCATOST TT AL

GTATGGACT ACCAGGET ATCTAATCLTGT TTGCTACCCATACT TTCEAGOLT CAGOIET
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
GTATGEGEACT ACCAGGET ATCTAATCCTGT TTGCTACCCATACT TT CEAGCOCT CAGOET

TACAGACCAGACAGCCECCTTCERCACTEETGT TCTTCCATATATCT ACGCAT TT AL
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
GT TACA GACCAGACAGCCEECTTCEECACT HETGET TLTTCCATATATCTACGCATTT CAC

CECTACACA TEEAGT TCCACTGT CCTCTTCTGCACT CAAGTTTCCCAGT TT COGA TG A
trrrrrrrrrrrrerrrrrrvrrvrrrrerrrrrrrrrrrirrrrrrrrrrrrrrrrrrnl
CECTACACA TEEAGT TCCACTGTCCTCTTCTGLACTCAAGT T TCCCAGT TT COGA TGHC AL

TTCTTCEGT TGAGCCEAAGGCTT TCACAT CAGACT TA LA A AACOSGCCT GOSCTCGECET TTA
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
TTCTTCEGT TEAGCCEAAGGCTT TCACAT CAGACT TAAALAACOGCCT GOGCTCGETTT

CHCCTA AT AMATCCGEACAACGCST TGCCACCT ACGTATT ACCGOGEGET GCT GECACET AG
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
CECCTA AT AMATOCGEACAACEET TGCCACCT ACSTATT ACCGOGEGET GCT GERA ST

ACCCETGECTTTCTGETTAAAT ACCET CAATACCT GAACAGTTACTCTCAGA TATGTT
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
ACCCGTGECETTTCTGETTAAAT ACCGT CAATACCTGAACAGTTACTCTCAGA TATGTT

CTTCTTTAACAACAGAGT TTTACGAGCCGA AACCCTTCT TCACTCADGCEECGT TEST O
trrrrrrrrrrrrerrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrl
CTTCTTTAACAACAGAGT TT TACGAGCCGAAACCCTTCT TCACTCADGCGECGT TEST O

ATCAGACTTTCGTCCAT TGT GEAAGA T TCCCT ACTGCTGLCT COCGTAGGAGTT TGEECT
trrrrrrrrrrrrerrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrnl
ATCAGACTTTCGTCCAT TGT GEAAGA T TCCCTACTGCTGLCT COCGTAGGAGTT TEEGECT:

GITGTCTCAGTCCCA A TGT GEECCEATTACCC T T CAGGTCGER T ACGTATCAT TGRCA T E5

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
GTGTCTCAGTCCCAATGTGEGECGATT ACCCTETCAGGTCGECET ACGTATCATTGCCA T

ACCCET TACCCCACCATC T AGCTAA TACGCCERGIEES TOEA T C5A A48 8 GT GAT AGC2CIES
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
AECCET TACCCCALCCATCT AGCTAA TACGLCECGEEA TS T CRA A48 A GT GAT AECE

CCATOCT TTEAAGC TCGERACCATECGETCCAAGT TETTATGCEETAT TAGCATCTETTT
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
CCATCT TTEAAGC TEGEACCATEGCGGTCCAAGT TGTTATGLEGET AT TAGCATCTGTTT

CAEGTGTTATCCCCCGCTTETEGEECAGGST TTCCCACGT GTTACT CACCAGT TGO A LT
trrrrrrrrrerrrerrrrrrrrerrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrril
CAEGTGTTATCCCCCGETTETGEECAGGT TTLCCACGT GTTACT CACCAGT TGO A LT

CACTCAAATGT ALATCATGA T ERAAGCACCAA T CAAT ACCAGA GT TOSET TCGACT GRA TG
trerrrrrrrrrreerrrerrrerrrerrrrrrrrrrrerrrrrrrrrrrrrrrrrrrd
CACTCAAATGT ALATECATGA T ELAAGCACCAA TCAATACCAGAGT TOST TCGACT E2ATEG
TATAGCAC 1449

LTirrnnl
TATAGCACT 1z

Fig. 15. 16S rRNA sequencing of Q-180 strain
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Table 19. 16S rRNA sequencing of 12 kinds of selected strains
strains Description score Identities An.ti—.lipase Anti- ~adipog enic
(bits) (%) activity (%) activity (%)
A-86 |Enterococcus faecalis 2625 99% 66.51 6.62
A-192 |Enterococcus faecium 2662 99% 69.23 10.51
B-182 |Lactobacillus sp. 2662 99% 66.41 3.08
C-85 |Enterococcus faecalis 2645 99% 70.07 13.41
C-178 |Enterococcus faecium 2067 99% 68.98 19.3
D-366 |Enterococcus faecalis 2643 99% 65.03 27.36
E-5 |Enterococcus faecalis 2636 99% 69.31 -0.39
E-16 |Enterococcus faecalis 2634 99% 73.54 11.52
F-13 | Weissella confiisa 2676 99% 65.80 -0.63
F-22 |Weissella sp. 2667 99% 68.01 10.78
F-24 | Weissella cibaria 2647 99% 73.12 0.55
F-180 |Lactobacillus plantarum 2675 99% 83.60 14.63
AMuteE 12F9 2kt F Enterococcus i 57F 7%, Lactobacillus 57} 2%
Weissella 7} 3F 02 e
4. AF R S EA
Rt A 5ol =2 5 12F 5 A A4 = vt Al S (10% A 2]l
A 1% AE FOI8AF e detstel 3% At Awslel SYEANE A
AlstA e, oS o] 8= 2 T (Weissella sp.)= Weissella sp. F22, F180 =
(Lactobacillus plantarum)~ Lactobacillus plantarum Q180, D366 ¥t (Enterococcus
fecalis)= Enterococcus fecalis MD366 12 Ztz} v s} o,
WAEEE @) Sehe] 10%
HE3 F 347,

7t AAkt el A
Fig. 16~21°A H+= n}o} o] %
A 150 mlLell Bk wj okl
B2 24X 3] ul

gy
37C, 40CHE=Z 3A1F
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Fig. 16. Growth of Weissella sp. F22 in 10% reconstituted skim milk at various
temperatures

pH

7.0

5.0 T ‘

Incubation time (hour)

Fig. 17. pH changes of 109 reconstituted skim milk during the growth of

Weissella sp. F22 at various temperature
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Fig. 18. Growth of Enterococcus faecalis MD366 in reconstituted 1096 skim milk

at various temperatures
pH
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Fig. 19. pH changes of 109 reconstituted skim milk during the growth of

FEnterococcus faecalis MD366 at various temperature
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Bacterial. log number
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Fig. 20. Growth of Lactobacillus plantarum Q180 in 10% reconstituted skim milk

at various temperatures

pH
7.0 -

5.0

Incubation time (hour)

Fig. 21. pH changes of 10% reconstituted skim milk during the growth of

Lactobacillus plantarum Q180 at various temperature

Weissella sp. F22 1+ WF7|7FA] 12A17ke] A2 Q %1, 40T, 37T, 34T
o= AAstaoen, pH 9GA 22 AFow 4 PSS ®Helel wet 40T 7H
A2 YElsth. Enferococcus fiecalis MD366 it W=7]7FA] 9A 7kl A
213, 37T, 40T, 34T o= AAgsislon, pH 94 22 dFoz 1 A4
welo] wet 37C7F 7H AL =R YEy

Lactobacillus plantarum Q180 % 37T 40CAA A9 w84 AHeA
ow, pH JA & AEFFow 4 S BAoy 2 Aol YEUA %?%9}‘3}.
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Table 20. Antibiotics susceptibility of lactic acid bacteria

Antimicrobial strains
agents Weirssella sp. ¥22 E. faecalis MD366 L. plantarum Q180
— minimal inhibitory concentrations(ug/mf)

Aminoglycosides

Amikacin 320 640 40
Gentamycin 20 2560 10
Kanamycin 400 6400 100
Neomycin 400 6400 25
Streptomycin* 1600 400 200
B-lactams

Penicillin-G* 5 160 10
Methicillin 80 320 40
Oxacillin 30 480 30
Ampicillin 320 320 320

Gram-positive spectrum

Bacitracin* 3.75 60 15

Rifampicin 30 15 960
Novobiocin 30 75 7.5
Lincomycin 800 100 12.5

Gram-negative spectrum
Polymyxin Bx* 2400 4800 1200

Broad spectrum
Chloramphenicol 40 40 40
Vancomycin 1600 6400 1600

* 1 units/ml

Weissella sp. F22 5+ t& 2%9 59| H]d] Streptomycin, Lincomycin®l] tl
st UlAdo] Zgk WhA Bacitracine]l tisiA e ulido] okgk Aow e
Enterococcus fiecalis MD366 w5+ tE 2&2 o Hla] Aol 73k Aoz

el o 53] Gentamycin, Kanamycin, Neomycin, Vancomycin®l| tgs}lo] A
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o] Zst Ao Yetwkt}t. Lactobacillus plantarum Q180 % Y& 239 59
1] & Rifampicin®] st WA o] 73k ¥hH - Amikacin, Neomycin, Lincomycin®l t)

A= uAel ok Ao e

RAbgt 3F9] FAGAL APl ZYM kitE AMEste] AA s gon, 1 Adn=
Table 2104 B ule} 2o},

Table 21. Enzyme patterns of lactic acid bacteria

Strains

Enzyme ; :
Weissella sp. ¥22 E. faecalis MD366 L. plantarum Q180

Alkaline phosphatase 1 2 1

Esterase(C4)

Esterase Lipase(CR)

Lipase(C14)

Leucine arylamidase

Valine arylamidase

Cystine arylamidase

Trypsin

a-chymotrypsin

Acid phosphatase

Naphtol-AS-BI-phosphohydrolase

a-galactosidase

B—galactosidase

B-glucuronidase

a-glucosidase

B-glucosidase

N-acetyl-B-glucosaminidase

S|+ |IPRIOIFPF NN OOIN|OIN NN+~
OO |O| N[NNI |WIA =[NP~ DN
W[ =W RN W[ =N W| DD

a-mannosidase

a-fucosidase 1 0 2

* 1 A value ranging from 0 to 5 is assigned to the standard color, Zero represents a
negative ; 5 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.

Weissella sp. F22 15+ Acid phosphatased] ta] &A8Ao] 42 byt
Enterococcus faecalis MD366 15+ Acid phosphatased] tjal] &4 A o] 45
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B} 32, Naphtol-AS-Bl-phosphohydrolaseo] thal 32 YeFHUTE. Lactobacillus

plantarum Q180 5+  B-galactosidase®} N-acetyl-B-glucosaminidase®] th3a}

g8 45 YEFNA I, Leucine arylamidase, Naphtol-AS-Bl-phosphohydrolase,

a-glucosidase®} a-mannosidase®] W3] &A&Ao] F3] 3& YEMAJAT. 53] &

At 3% E5F  Benzopyrenes U EZE H3AT= BdEAd B
1\

= T
-glucuronidase®] 7ol A& gHo] gAY A YEh bHAdS g1E 5 9l

5]
5ol ek e WS AlEst] f18ke] oxgall(Difco)s H7FshA &2 A
RN

T WS APE A= 47 Fig. 22~24014 H=

Bacterial. log number

9.5
_——--B---4----1
s ol 3 a
9.0
8.5
8.0 —— With oxgall
75 - & - Without oxgall
7.0 . ‘ . . . . |
0 1 2 3 4 5 6 7

Incubation time (hour)

Fig. 22. Growth of Weissella sp. F22 in MRS broth containing 0.05% L-cysteine
with or without 0.3% oxgall.
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Fig. 23. Growth of Enterococcus faecalis MD366 in MRS broth containing 0.05%
L-cysteine with or without 0.3% oxgall.
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Fig. 24. Growth of Lactobacillus plantarum Q180 in MRS broth containing
0.05% L-cysteine without 0.3% oxgall
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5 mpH 6.4
1 -

0 - .

0 1 2 3
Incubation time (hour)

Fig. 25. Survival of Weissella sp. F22 after three hours in HCI(pH 2,3,4,6.4)

* Initial log count before pH treatment : 7.45

Bacterial. log number
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Fig. 26. Survival of Enterococcus fecalis MD366 after three hours in HCI(pH 2,34,6.4)

* Initial log count before pH treatment : 7.45
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Fig. 27. Survival of L. plantarum Q180 after three hours in HCl (pH 2,3,4,6.4)

* Initial log count before pH treatment : 7.65

Weissella sp. F22 #5% pH 204 0A17+Y o 23 x 10" CFU/mLeld Ao] 1
Azt A3 F 25 x 100 CFU/mL, 243t 43 % 26 x 100 CFU/mL, 3X1%t 743}
25 x 100 CFU/mL &4 Rkt 71 80% Z7tst= Aoz vebyth pH 39
A= OAM%I m 2.6 x 10" CFU/mLel®l Aol 1Az 23} 3 30 x 10" CFU/mL, 2
12t 43 ¥ 31 x 100 CFU/mL, 3417+ 23 % 29 x 10" CFU/mL 241 #Ab
F7F 115% 2748t Aoz vepgon pH 49 64914 % 2+t 225%9 16.6% 9]
Z712 Bdol wg pHol|l AIIFS ‘?}X] v Aoz YewWt. Enterococcus
faecalis MD366F 5= pH 2014 0417+ o] 2.8 x 10° CFU/mLel™ A o] 1A+ 4
3 % 26 x 10" CFU/mL, 2213+ 23} 3 14 x 10° CFU/mL, 341k 43 ¥ 33 x
10° CFU/mL 24 24kt F7F g2dhs zﬂii UEbskth pH 304 0417+
26 x 10" CFU/mLold Ao] 1417+ A3 % 31 x 10° CFU/mL, 2A17F A3 & 2.8
x 10" CFU/mL, 3A1zF A3 % 32x 10 CFU/mL 24 B2bd 71 23% Z7tete
Ao e o, pH 49 64914 Zh7F 86%9F 188%< F7Hs Hlel whef

o

S

,.l>

pH 25 A9stais pHOl 9FS Hbx &= Ao =w yeElwt. Lactobacillus
plantarum Q1807 5= pH 2014 0417+ w) 41 x 10" CFU/mLol® Aol 143t
43 F 41 x 100 CFU/mL, 2412t 2 342 23 F 33 35 x 10" CFU/mLo =
A B F7F 1463% 3HAastE Ao® uEkstth pH 3ol 0417w 42 x 10
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Table 22. Inhibition of pathogens by Weissella sp. F22 in MRS broth

Growth
Pathogens Pathogens® Weissella sp. F22° Inhibition
CFU/mL  pH CFU/mL pH (%)
Escherichia coli 1.2x10° 6.46 1.8x10° 5.54 -
Salmonella typhimurium — 2.0x10° 6.48 8.0x10° 5.50 60.0
Staphyloccous aureus — 15x10° 6.54 1.9x10° 5.40 87.3

* Initial count of Werssella sp. F22 1 3.3 X 10° CFU/mL

# Determined after 6 h of incubation at 37C

Table 23. Inhibition of pathogens by Enterococcus faecalis MD366 in MRS broth

Growth
Pathogens Pathogens” E. faecalis MD366" Inhibition
CFU/mL pH CFU/mL pH (%)
Escherichia coli 1.0x10° 6.52 3.0x10° 5.60 70.0
Salmonella typhimurium — 3.0x10° 6.53 1.0x10° 5.66 66.7
Staphyloccous aureus 4.2x10° 6.55 1.5x10° 5.62 64.3

* Initial count of Enterococcus faecalis MD366: 4.7x10° CFU/mL

# Determined after 6 h of incubation at 37C
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Table 24. Inhibition of pathogens by Lactobacillus plantarum Q180 in MRS broth

Growth
Pathogens Pathogens® L. plantarum Q180" Inhibition
CFU/mL pH  CFU/mL pH (%)
Escherichia coli 2.0x10° 6.44 8.7x10" 5.60 56.5
Salmonella typhimurium — 7.2x10° 6.42 4.7x10° 5.53 34.7
Staphyloccous aureus 3.3x10° 6.44 1.7x10° 5.56 485

* Initial count of Lactobacillus plantarum Q180 : 3.6x10° CFU/mL
? Determined after 6h of incubation at 37C

Weissella sp. F22 15+ Salmonella typhimurium®] ©™Ha| 60.0%<¢ =3}
Staphyloccous aureusd] Wal 87.3% ZA HF & At
Escherichia colidll tgt &st=o] gllth Hi<
A5t pH7F 6.46~65401H, Tl pH 540~5540.2 =3
A AR Bk g R AAEATE e AN
o2 A®mHAY. Enterococcus faecalis MD366 <+ Escherichia coli®l W3
70.0%9] o]l AN, Salmonella typhimurium®) T3l 66.7% =24 =& 3+
S ®How Staphyloccous aureusd Tl 64.3%FA] HlWZAH =& FHHS HAY
koW ¥ pH WstE B3s uf x4 AsE5dS pHYF 652~6.5501H, &3
foFol e pH 5.60~5.6201 Q). Lactobacillus plantarum Q180 <+ Escherichia
colidl W3l 565%¢ &rHo| AR, Salmonella typhimuriumol T3l 34.7%,
Staphyloccous aureus®| ™3| 485%<¢] &= S Hvh dlg & pH WHsE Ht
S o E2AQ AFETS pHIF 642-6.44010, Eu]gAS pH 553~5600%
SHu A B Y FFoE AATIHIE FS AAAR A 25
A E e Ao AR E QT

whebA 3F9] At & Enterococcus faecalis MD366 w571 th& 2F 9] 24t
TE T gateo] Agk Ao yEykt
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5. 3-w g7 &9
7h 27047
gk oA 5ol 53 Hor MAW Lactobacillus plantarum Q180 W+
WFzas HAsslrl Aete] v o] APES ATt Y GEAF ¥
(9%, 10%, 11%), W] &F=5=(34C, 37T, 40TC), ¥l Y¥AIZH21 h, 30.5 h, 40 h)¢] 37}
A =YWt S AAE o (Table 25), £45WHFEE pHO Anti- adipogenic

activity, Anti-lipase activityS A% s} 3t}

Tablel 25. levels of incubation conditions of Lactobacillus plantarum Q180

Level
Independent variables Symbol
-1 0 1
Skim milk (%) X1 9 10 11
Incubation temp. (C) X5 34 37 40
Incubation time (h) X3 20 30.5 41

Tablel 26. Central composite design of Lactobacillus plantarum Q180

. Coded Uncoded
Trial No.

X1 Xo X3 X1 Xz X3
1 -1 -1 -1 9 34 20
2 1 -1 -1 11 34 20
3 -1 1 -1 9 40 20
4 1 1 -1 11 40 20
5 -1 -1 1 9 34 41
6 1 -1 1 11 34 41
7 -1 1 1 9 40 41
8 1 1 1 11 40 41
9 -1.68179 0 0 8.3182 37 30.5
10 1.68179 0 0 11.6818 37 30.5
11 0 -1.68179 0 10 31.9546 30.5
12 0 1.68179 0 10 42.0454 30.5
13 0 0 -1.68179 10 37 12.8412
14 0 0 1.68179 10 37 48.1588
15 0 0 0 10 37 30.5
16 0 0 0 10 37 30.5
17 0 0 0 10 37 30.5
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L Rk Al s gakd HAM SR GHE 9 2
Lactobacillus plantarum Q180 & MRS broth #j=] el 2%} Aldjste] A el
ARSI AL, 7 FEER(9%, 10%, 11%) Az 3 gXF gNo Lactobacillus
plantarum Q180 & 1% HF3te] o5 22L& 27 (Table 26)0.2 HA3S %13
stact ZF =71 WE Lactobacillus plantarum Q180 w55 wj%3dte] pHEH

anti-lipase activity 2!

H

R

e
olo
by

w AlE

j=4

3 & A¥ FZAAZ3O] anti-adipogenic activity 23S Al
gatdch Ad Ao W FEHES FS Table 279 YERSl o™, Fig. 282 7t
ZAMZ  Lactobacillus plantarum Q180 5% ®j3al wjdol S anti-adipogenic
activity A g3t A3} 3T3-L1 cell?] ALFHAHAEE oil red O EAHS F3 UE
Y A #EG3 Aolth, EAx8l= MINITAB statistical software (Version 13,
Minitab Inc., USA)E AH&38tiaL, BIvte] Al ZAbd HA w2 SAdEA
FE 954%, W= 37.16TC, WlFAIZE 2825 ho & uEFStH(Table 28). 1o w
2 oA g2 pH 4.47, anti-lipase activity 55.55%, anti-adipogenic activity 20.48%
oA, AA AAAI}= pH 450, anti-lipase activity 53.86%, anti-adipogenic
activity 19.25% = }E}yttH(Table 29).
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Fig 28. Photomicrographs of Oil red O staining for triglycerides in 3T3-L1 cells.
CONTROL, normal cells; 1~17, cells treated with Lactobacillus plantarum

Q180 incubated in central composite design condition.
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Table 27. Central composite design and dependent variables by RSM computer
program for the optimization of incubation condition for Lactobacillus

plantarum Q180

Coded levels of variables responsee
Run No. - N
X Xo X3 Y, Y- Y3
1 -1 -1 -1 5.56 22.92 19.1736
2 1 -1 -1 5.87 11.94 -2.3922
3 -1 1 -1 4.70 46.49 13.7369
4 1 1 -1 472 541 5.9442
5 -1 -1 1 5.38 55.40 10.2936
6 1 -1 1 5.44 51.05 -4.0232
7 -1 1 1 414 67.44 12.2871
8 1 1 1 4.29 33.47 5.5817
9 -1.68179 0 0 4.43 48.65 26.7851
10 1.68179 0 0 4.63 56.54 -2.5734
11 0 -1.68179 0 6.02 5.58 13.9181
12 0 1.68179 0 472 47.20 5.763
13 0 0 -1.68179 5.40 21.75 30.0471
14 0 0 1.68179 4.23 60.71 10.1124
15 0 0 0 4.55 56.60 18.4487
16 0 0 0 4.43 53.75 16.4552
17 0 0 0 4.40 56.54 15.0054

"X; @ skim milk (%), X : incubation temp. (C), X3 : incubation time (h)
"Y: : pH, Y2 : anti-lipase activity, Y3 : anti-adipogenic activity
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Table 28. Optimal conditions of pH, anti-lipase avtivity, anti—adipogenic activity

independent critical value predicted | stationary
dependent ) )
variables coded uncoded value point
X1 0 10
Y, Xo 0 37 4.4 Target
X3 0.2419 33.040
X1 -1.6818 8.3182
Yo X5 1.4017 41.2051 67.42 Maximum
X3 0.6063 36.9661
X, -1.4677 8.4677
31 Maximum
Yo Xo -0.5395 35.3821
X3 -1.6818 12.8412
Multiple X3 -0.4572 9.5428
response Xo 0.0548 37.1644
optimization X3 02134 | 282593

Table 29. Predicted results of verification under optimized conditions

dependent predicted value experimental value
Y1(pH) 4.47 4.50
Yo(anti-lipase activity) 55.55 52.86
Ys(anti—adipogenic activity) 20.48 19.25
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Fig. 29. Response surface plots for the effect of independent variables on
dependent. X; (skim milk con.), X> (incubation temp.), X3 (incubation

time), Y1 (pH), Y:(anti-lipase activity), Ys(anti—adipogenic activity)
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Ultrafiltration)

10% LA - Lactobacillus plantarum Q1805 1% FF3staL 37CoA
pH 440 =93 w712 wjFAIA dojxl EFAHES cut-off 10,0003 1,000
membrane® 2 ultrafiltrationdt 23}, MW 1,000°]3}7} 96.10%5, MW 1,000~ 10,000
o] 1.64%, MW 10,0000]4o] 2.25% % 2™, anti-lipase activity &3+ MW 1,000~
10,000 &8 &o°] MW 1,000 o]strtE oFF =skoy &5 Zekstel MW 1,000
ojet £ &ES ODS AQ columns ©]-&3ate] AREstint. flo AAZFE AR
Z} o] peptide”} lipase A3l & 3E 2= FH o2 YETH(Table 30).

Table 30. Fractionation of lipase inhibitors by ultrafiltration from fermented milk

by Lactobacillus plantarum Q180

anti-lipase activity (%) yeild(%)
1,000 MW below 46.83+2.54 96.10
1,000710,000 MW 49.85+5.83 1.64
10,000 MW above 7.73£4.01 2.25

L}, ODS AQ columne®ll 23t reverse-phase chromatography
MW 1,000 o3t d#& #Adess ¢ s s241x35t9] ODS AQ column®.
2 FEste] dojzl peakel wE FMOI, FMO2, FMO3=Z wWH3atAth(Fig 30).
FMO1, FMO2, FMO3 g && 77 #Ashesd 5 1
4

3}al anti-lipase activity 23S A] 83} th

—

=

x3t] &S 54
gHo] lipase A3 =

A a 1
W7} 2857% % 7FE =9ka, & T3 89.7%E 7HE = A Es T (Table 31).
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plantarum Q180 on ODS AQ(2.6 x 30cm)

500

Eluent : A solution (water), B solution (ethanol)

Flow rate : 10 mL/min Fraction : 10 mL/tube

Fractionation : FMOI1(tube on, 10~13), FMO2(tube on, 14~17),

FMO3(tube on, 18~20)

600

mL

Reverse phase column chromatogram of fermented milk by Lactobacillus

Table 31. Purification of lipase inhibitory peptide by ODS-AQ column from

fermented milk p

eptide

anti-lipase activity (%) yield(%)
FMO1 73.32+0.02 89.72
FMO2 71.43+0.03 5.89
FMO3 - 4.40

t}. Vydac C18 columne®l ¢]3%+ reverse-phase chromatography

ODS AQ columnl & #F¥ste] Aozl FMOI1, FMO2, FMO3 % &%
[e=]

anti-lipase activityZ7} 7F4 =349 FMO1l #& Vydac columnl 2 7 &3

o
sk o

H peakel w2} FMO1V1, FMO1V2=Z s} %th(Fig. 31). FMO1V1, FMO1V2 &
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Il anti-lipase activity
9] lipase A4 ICs°] 2,880
tHTable 32).
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Fig. 31. Reverse phase column chromatogram of fermented milk by Lactobacillus
plantarum Q180 on Vydac 218TP column (1.0 x 25cm)
Eluent : A solution (0.1% TFA in water), B solution (0.1%6 TFA in ACN)
Flow rate : 2 mL/min, Fraction : 1 mL/tube
Fractionation : FMO1V1(tube on, 13~16), FMO1V2(tube on, 17~21)

Table 32. Purification of lipase inhibitory peptide by Vydac 218TP column from

fermented milk peptide

anti-lipase activity(%) ICso yield(%6)
FMO1V1 >100% 3,592 ug/mL 63.59
FMO1V2 >100% 2,880 ug/mL 36.40

2}. Superdex peptide HR column®l 2] 3} reverse-phase chromatography
Vydac C18 column®. & #3&3slo] Aojx FMO1V1, FMOIV2 % lipase & A
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o] P FMO1V2 g2 Superdex peptide HR columno 2 A&g 3% S

, peakel] Wzl FMO1V2S1, FMO1V2S2, FMO1V2S3, FMO1V2S4, FMO1V2S5%2
Ehe:

JaAtHFig. 32). 77te) RS UAEET F xliEzgaz—a—}o% 44

o

S
g
mﬁ

!
1

[¢]

anti-lipase activity 23S A &3}

Il 7}, FMO1V2S1 &+ 9] lipase A
Ao A IC5°] 2,931 ug/mLE ¢ ¢

939—13%, TFE 30.54%ME1r(Table 33).
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Fig. 32. Reverse phase column chromatogram of fermented milk by Lactobacillus

plantarum Q180 on Superdex Peptide HR column (1.0x30cm)
Eluent : Water

Flow rate : 0.5 mL/min, Fraction : 1 mL/tube
Fractionation : FMO1V2S1(tube on, 17~18), FMO1V2S2(tube on, 19),

FMO1V2S3(tube on, 20), FMO1V2S4(tube on, 21),
FMO1V2S5(tube on, 24~25)
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Table 33. Purification of lipase inhibitory peptide by Superdex Peptide HR

column from fermented milk peptide

anti-lipase activity (%) ICso yield(%)
FMO1V2S1 >100% 2,931 ug/mL 30.54
FMO1V2S2 >100% 3,079 ug/mL 36.21
FMO1V2S3 91.42+2.02 - 29.21
FMO1V254 89.12+1.98 - 3.63
FMO1V2S5h - - 0.41

lipase A&A o] 43w FMO1V2S1 &S Superdex peptide HR column® &
A8 ete], peakel wel FMO1V2S1S1, FMO1V2S1S2& W &kl th(Fig. 33). 7t
zte] SRS 7w Ed T AEEAdxse] 88 =A381L anti-lipase activity
AdS Algstdtt. 1 A7, FMO1V2S1S1 ¥ 79 hpase Aefl /g oA ICx0l
2,817 ug/mLZ U $-Falglom, & E3 73.92%=2 5359 tH(Table 34).
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Fig. 33. Reverse phase column chromatogram of fermented milk by Lactobacillus
plantarum Q180 on Superdex Peptide HR column (1.0x30cm)
Eluent : Water
Flow rate : 0.5 mL/min, Fraction : 1 mL/tube
Fractionation : FMO1V2S1S1(tube on, 16~19),
FMO1V2S1S2(tube on, 20~21)
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Table 34. Purification of lipase inhibitory peptide by Superdex Peptide HR

column from fermented milk peptide

anti-lipase activity (%) ICso yield(%)
FMO1V251S1 >100% 2,817 ug/mL 73.92
FMO1V2S51S2 >100% 3,000 ug/mL 26.07

n}, o}u] =4k 8] (amino acid sequence)] 4]

e 2 5E ODS AQ colume, Vydac C18 column, Superdex peptide HR
columng o] &3le] &=xx oz B, AA|d peptided] N-ZtozHE ofn| =4t
HlF2 Asp-Thr-lle-Ser-Ala-GIn® YEFEC ™ lipase GA &AL 1Cx°] 2,817
ug/mLZ e

7. AW TF A3 2 A F5 AHER
7} AE probioticsE w4 F F uUdAle] dFwWst =4
H gk A o] -3k o2 NAWE Weissella sp. F22, Enterococcus faecalis
MD366, Lactobacillus plantarum Q1809F 43+ ABT-3(CHR HANSEN)2] 7|
(10°, 10° CFU)E A2 95(09%)0 8Aste] Aol nlvto] frw 23
5 &(C57BL/6] mice FZD)oNAl 6573 B-Fol aArh. dwtlo] thxt3 A
Aol e AeAdsE ATtk olu, AAAZ A 29

PR e

Ll
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Fig. 34. Proportion of taxonomic assignment [Phylum] of mice fed high fat diet
with lactic acid bacteria for 0 and 6 weeks.

A, normal diet; B, high fat diet; C, high fat diet with ABT-3(CHR HANSEN) (10’

CFU/day); D, high fat diet with L. plantarum Q180 (10° CFU/day); E, L. plantarum

Q180 (10° CFU/day); F, Weissella sp. F22 (10" CFU/day); G, E. fiecalis MD366 (10’

CFU/day)
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Phylum <FFolA], duk2lo] thxa"Ql Av& APAZ Aol wHa| 657
Bacteroidetes 2.t} Firmicutes7}  &7FsF%laL,  a1x]w2] o] el BT
Bacteroidetes7} °FzF S7betivt. AT A olardd = 6
< % Firmicutes® .t} Bacteroidetes”} I A 57Vl At} L. plantarum Q180 2} o]+
(10° CFU/day)$l D3 L. plantarum Q180 2] °](10° CFU/day)$l Ev*& th&
Fol Hl&] 7} Bacteroidetes’} 57Vt Weissella sp. F22 2)o]+2l F
Bacteroidetes?7}  ¢F7y  FU7FSE AL, E. fecalis MD36620]wQl Gt A
Bacteroidetes”} F71at A9 A F71elA &= &tk (Fig. 34).

o] = Turnbaugh (2009)¢] Nature A& &3] 7= Washington & Fdx} o
TEHol e dAS FaE AW FHFY A FolA 2FFY Aol M B
24 3}y+= Firmicutes, % 31+ Bacteroidetes®4], W] %F2l:= Firmicutes”}
Bacteroidetes 2.0} 7wt} @2 ®FH o] 912k Firmicutes®.tF Bacteroidetes7} &
i dFedh =3 Ley 5 (200602 VH-2E T3 APolA BIREgE whg-2of A
Firmicutes®] H|&o] Z7}3Fal Bacteroidetes”} #AdS st & 23 Az

X

M= dukxo] thxat B AdrFatol vs] L. plantarum Q180 2} o]to] H|wh

_

i
rlo

o
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Fig. 35. Proportion

lactic acid
A, normal diet; B,
CFU/day); D, high

CFU/day)

of taxonomic assignment [Family] of mice fed high fat diet with

bacteria for 0 and 6 weeks.

high fat diet; C, high fat diet with ABT-3(CHR HANSEN) (10’
fat diet with L. plantarum Q180 (10° CFU/day); E, L. plantarum
Q180 (10" CFU/day); F, Weissella sp. F22 (10" CFU/day); G, E. faecalis MD366 (10
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Family =50l A, dutz oz A3 Az A= ZE 23 oA Lactobacillaceae 45
o] 43RO 65 Fol= At otz A7} Lachnospiraceae %°] 7} =
A AR, APtF 2oldtel CE Lactobacillaceae £0] th& o) H|3] H&
H &S A3t Hth. DS Ev+& Lachnospiraceae £°] 7} =74 43k 7180
Lactobacillaceae?} Peptostreptococcaceae <o) U A5, FoF G2

Leuconostocaceae 4°] %73} th(Fig. 35).
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Fig. 36. Proportion of taxonomic assignment[genus] of mice fed high fat diet with

lactic acid bacteria for O

A, normal diet; B, high fat diet; C, high fat diet with ABT-3(CHR HANSEN) 10°
CFU/day); D, high fat diet with L. plantarum Q180 (10° CFU/day); E, L. plantarum
sp. F22 (10" CFU/day); G, E. fiecalis MD366 (10

Q180 (10° CFU/day); F, Weissella
CFU/day)

and 6 weeks.
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Genus FollA, dAutd oz AFAz Ho= RE A3 FoA Lactobacillus £°]
71 Wol BESIF O, 657 Fole  m Aol b Fol AAE AT AP T2
o]Ql C+ Lactobacillus &°] Hlad #=A LxtHch D9} E & v Ao 7¢
2 wokar A% Lactobacillus, Lactococcus, Bacteroides o] X3¢ on, F¢

G T2 Weissella F°] o] xX]3F th(Fig. 37).
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Fig. 37. phyrogenetic tree of mice fed high fat diet with lactic acid bacteria for 0
and 6 weeks.

A, normal diet; B, high fat diet; C, high fat diet with ABT-3(CHR HANSEN) (10’

CFU/day); D, high fat diet with L. plantarum Q180 (10° CFU/day); E, L. plantarum

Q180 (10° CFU/day); F, Weissella sp. F22 (10° CFU/day); G, E. fecalis MD366 (10°

CFU/day)
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Fig. 38. PCA of mice fed high fat diet with lactic acid bacteria for 0 and 6
weeks.

A, normal diet; B, high fat diet; C, high fat diet with ABT-3(CHR HANSEN) (10’

CFU/day); D, high fat diet with L. plantarum Q180 (10° CFU/day); E, L. plantarum

Q180 (10° CFU/day); F, Weissella sp. F22 (10" CFU/day); G, E. fiecalis MD366 (10’

CFU/day)
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Fig. 39. Changes in Triglyceride gain of rat orally administrated with olive oil
and fermented milk for 5 hours Values are mean+SD of 7 rat per group.

1)A, distilled water; B, olive oil and distilled water ; C, olive oil and fermented milk by

ABT-3(CHR HANSEN); D, olive oil and fermented milk by L. plantarum Q180; E, olive

oil and fermented milk by Weissella sp. F22; F, olive oil and fermented milk by £

faecalis MD366.

T\ leans with the same letter are not significantly different. (p<0.05).

. AE probioticsE wol & F FAL EF AP FE W)
HI R A 50l gt gom MAH
frecalis MD366, Lactobacillus plantarum Q1809+ Ad+5F ABT-3(CHR

HANSEN)<] ###1(10°, 10° CFU/day)2 A& 2 d5(0.9%)] 3]A3te] mA 424 o] &

Werssella sp. ¥F22, Enterococcus

Hlgko] Gx2¥ 238 FE(C57BL/6] mice)ol Al 653 7T & F, Ay FrE

Azste] Akt o w, dubAo] dxy uAgA o]l dEae AYNAFE

AFolstdh ARSI T FH o] AT 713 st o, 1o mE AT
]

= Fig. 4000 YeEpHAS. A 65

ko3
T =
26.30g, LA WAo] iz Bite Hit A= 2884g, ABT-3 (107 CFU/day)it
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T2 AFEAS Co+e 28.74g, Lactobacillus plantarum Q180(10° CFU/day) 15
2 AFEAS DS 2957g, Lactobacillus plantarum Q180(10° CFU/day) w52
o 9829g, Weissella sp. F22(10° CFU/day) #5%& #7538 F

BTl Ext
© 9844g, Enterococcus faecalis MD366(10° CFU/day) w55 ZATFo8 Gt
271.9%5go % Awd Durs Algsties FoA<0 Aoz flAARH(p<0.05), LA %A
o] Wz} Wlasle] Ex 1370%, Fae 11.20%, Ga< 1810% A% Z7heo
a3t tH(Table 35).

ZF izt APae] gk A%
SA HEsle] A Aol A F AW SRS AASY FHS SAHA
1 A3 Table 3691 YeERHATH - E
of mlsl AA yetskou wAgA o] tEat ke {94 2
MA A AEd Fast A% F o] FA Fdd fFARgE Fagk ke ARz
< Fig. 419 Ygggoen, Setozy Exd Gite 13 A wo] thE 4o H)

= o o 3 5L 2=
3 A AS FAT # AL

= T =

_—

yE
k=l
rio
1o
o
N
N
N
5
4
k=
riet
Ry
o
rlo
:>|4—’_'4
i)
K o

Body weight (g/animal)
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Fig. 40. Changes in body weight gain of mice fed high fat diet with lactic acid

bacteria for 6 weeks
Values are mean+SD of 6 mice per group.
YA, normal diet; B, high fat diet; C, high fat diet with ABT-3 (CHR HANSEN) (10’
CFU/day); D, high fat diet with L. plantarum Q180 (10° CFU/day); E, L. plantarum
Q180 (10° CFU/day); F, Weissella sp. F22 (10’ CFU/day); G, E. faecalis MD366 (10’
CFU/day).
not significant differences (p<0.05)
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Table 35. Body weight changes of mice for 6 weeks

AV B C D E F G
Body
weight(g/mice)

o 22.96 | 2330 | 2330 | 2324 | 2322 | 2323 | 23.14
i +082 | +098 | =097 | +079 | 072 | +071 | +059
. 2630 | 2917 | 2874 | 29.27 | 2820 | 2844 | 27.95
n 070 | +372 | =201 | +1.93 | =144 | +120 | +1.34
, 333 | 587 | 544 | 602 | 506 | 520 | 480

Wt. gain

+0.56 | 657 | +164 | +1.39 | £137 | £1.43 | +1.52

Wt. gain rate (%)? 0 7611 | 69.16 | 80.81 | 5496 | 56.21 | 44.22

Wt. lose rate (%)¥| 42.21 0 7.35 -266 | 1370 | 11.29 | 18.10

Values are mean+SD of 6 mice per group.

YA, normal diet; B, high fat diet; C, high fat diet with ABT-3 (CHR HANSEN) (10’
CFU/day); D, high fat diet with L. plantarum Q180 (10° CFU/day); E, L. plantarum
Q180 (10" CFU/day); F, Weissella sp. F22 (10" CFU/day); G, E. faecalis MD366 (10’
CFU/day).

2)Weight gain rate compared to ND group (group A)

?’Weight gain loss compared to HFD group (group B)

not significant differences (p<0.05)

Fig. 41. Pictures of epididymal adipose tissue of mice fed high fat diet with lactic

acid bacteria for 6 weeks.
YA, normal diet; B, high fat diet; C, high fat diet with ABT-3 (CHR HANSEN) (10’
CFU/day); D, high fat diet with L. plantarum Q180 (10° CFU/day); E, L. plantarum
Q180 (10° CFU/day); F, Weissella sp. F22 (10" CFU/day); G, E. faecalis MD366 (10’
CFU/day).
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Table 36. Weights of liver, kidney and epididymal adipose tissue of mice fed
high fat diet with lactic acid bacteria for 6 weeks.

Liver weight(g) | Kidney weight(g) | Spleen weight(g) | Epididymal AT(g)
AV 0.90+0.05" 0.29+0.02" 0.06+0.01° 0.31+0.05"
B 0.89+0.08" 0.33+0.02° 0.07+0.01™ 0.81+0.41°
C 0.87+0.06 0.32+0.01° 0.070.01" 0.76+0.23"
D 0.97+0.15" 0.33+0.02° 0.07+0.01° 0.76+0.20°
E 0.98+0.09° 0.34+0.01% 0.08+0.01° 0.65+0.23"
F 0.87+0.02* 0.32+0.01% 0.07+0.00° 0.74+0.16"
G 0.87+0.08" 0.32+0.01% 0.07+0.01° 0.63+0.12*

Values are mean+SD of 6 mice per group.

YA, normal diet; B, high fat diet; C, high fat diet with ABT-3 (CHR HANSEN) (10
CFU/day); D, high fat diet with L. plantarum Q180 (10° CFU/day); E, L. plantarum
Q180 (10" CFU/day); F, Weissella sp. F22 (10° CFU/day); G, E. faecalis MD366 (10’
CFU/day).

“PMeans with the same letter are not significantly different. (p<0.05).

-

7+ @4 %9l AST(aspartate transaminase)®} ALT(alanine transaminase)™ 7%

A

3 v RESM AE E4 A FE @48 ESnE o BYE:
A% Axwsh A ASTSh ALTE Table 3761 UEal A% 2ol el gkel

Aol wolAu freldel Aol gl Aoz vhehy
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bacteria for 6 weeks

Table 37. Activities of AST, ALT in mice fed high fat diet with lactic acid

(U/L)
A B C D E F G
AST 144.80 139.33 139.67 142.17 150.33 156.33 159.17
+ 70.07 | £5035 | £05047 | +£6018 | £ 4851 | + 62.11 | £ 53.99
ALT 96.40 1477.40 140.67 34.40 126.00 17767 166.17
+ 2697 | £1324 | £7046 | £ 2316 | + 3270 | £ 11859 | + 121.44

Values are mean+SD of 6 mice per group.

YA, normal diet; B, high fat diet; C, high fat diet with ABT-3 (CHR HANSEN) (10°
CFU/day); D, high fat diet with L. plantarum Q180 (10° CFU/day); E, L. plantarum
Q180 (10" CFU/day); F, Weissella sp. F22 (10" CFU/day); G, E. faecalis MD366 (10°
CFU/day).

not significantly different. (p<0.05)

H Wk A 5ol 3k Ho g MAE Werssella sp. F22, Enterococcus fecalis
MD366, Lactobacillus plantarum Q180 34+ ABT-3(CHR HANSEN)9| F<
7F 3 AA Fxo| v 9T Table 3837 2t} dH o FAAMNTGRY 5%
= Aol (A)Y A9 81.00+£12.77 mg/dL o] L, o]ol H|s] LA A o] =T
(B)< 110.00+21.34 mg/dLo. 2 A2 o] wtol| Hl&] Z7}ete] vhelwith. ABT-3 (10
CFU/day)#5+2 AT5A8 CY Lactobacillus plantarum Q180 (10° CFU/day)
#F AFEAFD),  Weissella sp. F22 (10" CFU/day) w5 ZAT%+F),
Enterococcus fiecalis MD366 (107 CFU/day) &5 72 FFolaS A 2] o] f 2
3 w8 e el o, Lactobacillus plantarum Q180 (10° CFU/day) 5
ATE(E)S 88.67+5.35 mg/dLo 2 A daol ¥} v 523k 58 YeER AT
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Table 38. Lipid levels of plasma in mice fed high fat diet with lactic acid

bacteria for 6 weeks.

(mg/dL)
Total cholesterol Triglyceride LDL cholesterol | HDL cholesterol
A 137.00+13.10° 81.00+12.77° 14.40+2.30° 127.20+11.30°
B 173.00+8.88™ 110.00+21.34° 18.50+1.87" 163.17+7.19%
C 162.33+7.09" 114.33+15.55° 16.00+2.45° 153.50+6.28"
D 180.33+8.33" 112.33+15.72° 19.67+3.67 165.33+6.74™
E 181.83+18.53° 88.67+5.35™ 25.00+9.27° 167.83+15.84°
F 174.83+14.27% 111.17+17.12° 17.67+3.93" 161.00+11.44%
G 163.50+6.69" 107.67+21 .57 17.17+2.32" 156.00+5.10™

Values are mean+SD of 6 mice per group.

YA, normal diet; B, high fat diet; C, high fat diet with ABT-3 (CHR HANSEN) (10’
CFU/day); D, high fat diet with L. plantarum Q180 (10° CFU/day); E, L. plantarum
Q180 (10’ CFU/day); F, Weissella sp. F22 (10° CFU/day); G, E. fiecalis MD366 (10
CFU/day).

¢ Means with the same letter are not significantly different. (p<0.05).

AGAE 2719 F4L FHw %S YTT F dv ZAHd PHew
deA dew, A olE AAsde B AWAE A A4 ST
A AW AEe] AV|7F F7FeAl B tH(Park 5, 2005). Fadk A Lo AV E
4% 2= Fig. 429 2ok ALAE 2] ¥ B 23 B S AT B
B TolA 2000, m* 2719 AAZIL JH o] BEIA O, AW o] 4
2% B el A= 5000 ,m’ ol 7o) AAEIL A el X Row
Hol zenfo] QB 20) Foj7p uA Aol Q1% AWAE S4& JAH FA=
Aoz At H&E @Adoz g AdAxE dAvdoez o33 Hoks
m A S<t AFAES] A7 Aelv= AS & AT
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Fig. 42. Changes in adipocyte size of the epididymal fat pads in mouse.

All values are meantSD of 6 mice per group; (a) Percentage of cell number; (b)
Photograph of the epididymal fat pads in mouse (original magnification x 200).

YA, normal diet; B, high fat diet; C, high fat diet witxh ABT-3 (CHR HANSEN) (10’
CFU/day); D, high fat diet with L. plantarum Q180 (10° CFU/day); E, L. plantarum
Q180 (10" CFU/day); F, Weissella sp. F22 (10° CFU/day); G, E. faecalis MD366 (10
CFU/day).
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8 AA MFZAE AT T FYA o A 24T 22

7t wl e
FEdid ABT-3 w55 o]&ste] &asgt ZeQl wadel Lacrobacillus
plantarum Q180 ¥ (10° CFU/mL)E £33 & =787 EZugds sl
A 7ksto] wjd/d v (Table 3905 A4S v FsHAAE AAIg A3= Table 40

3 2,

Table 39. Mix formula of developed products using selected strain

] 4] (%)
pR=
A B C D E F
A 80.682 80.682 80.682 80.682 80.682 80.682
G 3.318 3.318 3.318 3.318 3.318 3.318
=g 5 5 5 5) 5} 5)
o % 2} 3 2 2 2 2 2 2
=74 4 6 8 - - -
E 5w 2 A - - - 4 6 8
A A 5 3 1 5) 3 1
Total 100 100 100 100 100 100
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Table 40. Sensory evaluation of developed products using selected strain”

Mean+Std
A ot z27 e 9] oAb
75
Control” | 7.00£1.78" | 4.77+1.79" | 523+220" | 546+166" | 4.54+1.98°
Control” | 431x232% | 636:12" | 585x1.77° | 562+1.80" | 5.38+1.80"
A 6.15+1.46™ | 6.31£1.60* | 6.46+1.13" | 6.38+1.61" | 6.08+1.80"
B 6.15£1.46™ | 6.31£2.18" | 654£1.45" | 6.77+154" | 654151
C 515£157° | 683+127° | 6.23+1.69" | 615£1.91" | 6.00+1.78"
D 5544151 | 562+1.19" | 6.15+1.63" | 554+1.33" | 5.62+1.12™
E 6.77+1.79" | 6.38+161" | 6.31+1.38" | 6.33+1.44™ | 6.46+1.39"
F 738+1.80° | 6.85+1.82% | 7.46+120° | 7.46+1.27° | 7.31+1.49"

"1~987A 9l A42 139 Bl o3 e 4o ¥ ghol )
YControl: Z#olag &
YControl: Evbrx=(vl <)

4 Means with the same letter within the row are not significantly different. (p<0.05).

¥ 409 A3E Bd A g 27 F8E VSR, YA BE Eof A
ABT-37 52 ®§3l3l Lactobacillus plantarum Q180 #5(10° CFU/mL)E &3
& wEge SRR 8% WY LEFVE M we F5E QAT 1R o
2 7o oM E AmrH oz grIry B HIL SFEAY v eS8
At
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Table 41. pH and titratable acidity

oS Table 413 2t}

of developed products using selected strain

Mean=Std
FRST=S

pH P (%) CFU/mL) A A (%)
Control” 4.40 15.60£6.29 7.63x10° 0.95
Control? 4.06 18.970.16 8.06x10” 0.94
A 4.38 21.46+0.16 7.33x10° 1.05
437 92.69+0.14 7.46x10° 1.02
C 4.36 24.65£0.23 7.66x10 0.95
D 435 21.51%0.09 750x10° 1.00
E 4.36 22.54+0.03 7.53x10° 0.97
F 4.36 23.47+0.20 753x10° 1.02

YControl: Z#Q4a

“Control: Evkrx(v] )

ABT-37 52 ®83l3 Lactobacillus plantarum Q180 1(10° CFU)Z

718 4%E H7ME HEFA), 6% H7He %E%(B), 8%=

1 g (D), 6% H7Is HaF(E), 8% &

ZAFeE Ay pHE 43090 udg it

7.33x10°~4.66x10° CFU/mL, J A4 EE 0.95~1.05%°]

At olE ARG R A FAFILIRE 80%, AT 19 CFU/mL ©]do] o
E (2

014)°l B Ao A

rfot
e
rob

2
N

]_

ol
o

Mo
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ot AZ2=TA

A+ 80.682%F HA A+ 3.318%E FH7bskal 65ColA vigste] 3]

¢l % 90TCoA 5zt Aestdlon, 40CT=E WA vs G+ ABT-3

TE5 01% HEsta, #HF pH 4402 74T wj7bx](40TC, 5A17H) v kst oo

Lactobacillus plantarum Q180 #3(10° CFU/mL)E &3s = E2ug A 8%,

2] 5%, NG 2% B BAT 1%E H7betar wwtste] SATERE Ax

S tH(Fig. 43, 44).

o
qo
#H=
o
=
Mo
o

==
et

(65°C)

ALZ(90°C,5min)

424400

ABT-30.1% H7t

Hi 2¥(40°C, 5h)

CHA & — =X, <— | L plantarum Q180 (108 CFU/mL)

Fig. 43. The manufacturing process of fermented yogurt
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Fig. 44. The prototype of fermented milk for anti-obesity

g} ZAt FAAZx Bt
1) Lactobacillus plantarum Q180 ¥ &
5 L Double fermentorg ©]&3lo] AL Lactobacillus MRS #l] %] <}

molasse = o] &3t A¢]-& MRSHIA| A AL w3t A3} Table 429 o] uj

BN
)

Table 42. Change of viable bacteria in the experimental and industrial growth

medium
] O A] 74 Lac. MRS broth Mod. MRS broth
CFU/mL CFU/mL
0h 82 x 10° 58 x 10°
6 h 1.2 x 10° 6.6 x 107
12 h 14 x 10’ 16 x 10’
24 h 14 x 10" 42 x 10’
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upeba] 2 ATl = Tt
Q18O W Fel= Aol npgt
Wk, L. plantarum Q1809 X

ozﬁi i)

an, AR B A al el /‘}%OPME}.
Fdlo]H & #2413 2 3= Table 433 2t}

Table 43. Growth rate of Lactobacillus plantarum Q180

A4 )42 3}

7
o
o

1.73g/1.4 x 10" 6.65 x 10° g/cell

k = 1/t In n/ng
= 1/1,440 x In (1.4 x 10" / 82 x 10°
= 1/300 x 2.303 x log (5.8 x 10°
HZ425 (k) /300 x X log (58 x 107 0.0366/min
= 1/300 x 2.303 x log 5.8 + 4
= 1/300 x 2.303 x 0.7634 + 4

= 1/300 x 2.303 x 4.7634

gt Al o Al 3T

. 0.693/k = 0.693/0.044244 18.9515%
= (14x10° - 82x10) / (t - L)
=log 2/ T
= 10146 - 7914 / t = 0.301 / 18.95%

o% 7] (L) 21.654] 7F

= 2232 x 1895 / 0.301 = 34.96 / 0.301
= 140.55+
L = 1440+ - 140.55+ = 1,299.45+

ME3 4 A3 AI Lactobacillus MRS ®i#] 38]8 + Modified MRS #j#] 32 €
5 A glsle] *ﬂ%‘iﬂ-’? ZF T%& 31g/3L MRS HjA| Attt Alxgdae] FE3bae
83.3% omw, AE Z5 %2 518g/3L MRS ®iA Gt Al ArkwEe 1.73g/L

MRS #j#] 1o Al ﬁ & Uad 2ol ALt

A 348 1 (809249E+12 x 5.18) - 1.4 x 10"/mL  x 3000 mL = 99.8%
(A g A5 x F D FF - oo mLY AHF x o P

Table 44014 ¥ npel o] 18417k wjakst HE Ao HHF7t 49 x 10°/mL
o mg e FFEooen oF HET F 1847 wol 2 x 10"/mLe] At
of gtk oluel] ZA AEE 3|5t Aol FL oz Yyt 2E
o] "yt tat FHEEA %o, wd F pHE 56 oldew fX357] $s)
o] 2N NaOHZE Zgstaouy 48 At T7H7F o] FoX &= 12413 o] Foll =
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pH 523 452717 WA},

Table 44. Change of viable bacteria during fermentation in 70 L fermenter

vl A 7F Controlled pH A= (CFU/mL)

HZ (18 h) - 5.0x10" 4.8x10"

0 h 6.55 1.0x10° 9.6x10"

6 h 6.32 2.8x10° 3.62x10°

12 h 5.87 4.6x10" 5.20x10°

18 h 5.23 2.65x10" 1.12x10"

24 h 512 9.80x10" 1.07x10"

w OAIZH O] At (18 AlZE Wl MRS At x HEH) / wiNFoR 4392,

s W) pHE A% 2ARES shglon, dosni mye] e 448 §Etne) FEe 99,

70 L. Bio—fermentor ]/\1 vl 3
2o 485g0|N o, skak (
(Fig. 45, Table 45).

RS dAEeste] 353 cell pellete] <
| FD 600, Japan)< 5.1%%th

Fig. 45. Harvested cell pellet
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Table 45. Composition of the harvested cell pellet
i T (%) 55 (CFU/g)
485¢g 51% 86x10"
Cell pellete] +23t GAE AdTE SAH7] At H7ksh sdRsAY &
ol Mt AR SA &3 H/F dv]sd $ FEAAX W/ FE o] AdTE
=743 A3}= Table 463 7t}
Table 46. Change of viable bacteria by confrication steps of cell pellet
(CFU/g)
EARTA =FH
A Z A
New MRS+SMP New MRS+SIMP
EARGA &3 & >300 x 10™ >300 x 10%
AFTAZ A >300 x 10’ >300 x 10’
AZAx & 81 x 10" 83 x 10"
A% AFS 2F2E Az Y] wlFALA TA ol YFL }EA
stolaly] Y3k &8 Ad "W WA mEZH Sl A AETF FAo BI HolHE
St sy 9l AdSs AAsET. W A%Fe L. plantarum Q180 524 x X~
Eele] HEHS Fotund A 8F Fo| HHFE YT A%E Table 4734 2
o A% 8F A Ao AEES AA WstshA Ut
Table 47. Survival bacteria count of freeze—dried Lactobacillus plantarum Q180
stater during cold storage
EARTA =57
3 95
SMP SIMP
A Az & 2.01 x 10" 591 x 10"
Wy 459 3 9.94 x 10" 1.79 x 10"
Wy 8Fd % 6.80 x 10" 950 x 10"
3) &T2E wYg 2 AY T W
FRel ~EEE 4%9] PALRE A7k 2L wolzol FFdte] 18417
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HiFetle Mol a4 542 715 ek AUl Al &(syneresis) EA WA &
I ow E3] L plantarum Q180 @5 o 2 wjoksl LPL @&

Hlo] 2o AL A=7F b S st
HlF 6413w A=e] §Ao] AlFH = AlFolA EEA F4
i ¥l ABT-4 s Z@uo] 2~ 2 AHEa+ =
TolA A3k syneresis’7} A SFA T
A A= SZAo] AZE A ot mA A= 4R

2 sysneresis @AFe] W& YERYA] gkt

B
L
(02
oz
i
32
K
I
of\
(ol
)
=X
= N
i)
o\
e

ZEHe] et A &S AR
ZE Wo|~S Azste] W F ATS WsE AP A= Table 483} Fig. 46
3 o},

Table 48. Change of viable bacteria count of 3 kinds of starter during fermentation

(Log. number)

0 h 6 h 18 h
ABT-4 8.36 9.75 9.54
ABT+LPL 8.26 9.89 9.00
LPL 7.69 9.23 9.48
x
E 1000
E_ —— ABT-4
E’ . —— ABT+LPL
@ 8.00 ’ LAL
£
k:
6.00
Ok Ghr 15hr
Incubation time (hour)

Fig. 46. Change of viable bacteria count of 3 kinds of starter

during fermentation
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= AE AT HEIge] 01%2A A =
~etel o] AitsE 10"/mL F5& A8k oA 0.1
Ao 2 mjefo]l AIZE AT, L. plantarum Q180 2 A
e FEIE AXE B A7 109mL Atel ekl A Az o
1Za 9t AYe #F ABT-49 wlws] Holw
Heketel Aitas Skl & Abel7) §lu ASR AHTh ABT-4 ol
= x7] AR EHol 53 ZAl S thermophilus®] %7] 2 o] wjg- kg
o= % o 1 FE7h Basdr osh e
A AR SAZA H718 New MRS+SIMPO L. plantarum Q180 A ¥ o] W%
=

cryogenic effect’7} "5 EUdvh= AS LallF5 2ol

rlo
S A

et

o
=
off
in
)
BN
P>
au)
4
rr
B
A

STEE Hloj& By T gk AYE @3lor s FdE 2EtE < CHR

HANSENALS] ABT-4# 55

st Ao vtk 7 oAel e A2 ofe] Table 499F Fig. 47914 ‘)r

Bl vket ol L. plantarum Q1802 ABT-4xt 5ol H]sto] x=7] Ak o] wj st
FE BUY Jom EFUET Yol 2 4

Aol Hlgke] o3t B2 FES BQoY 8 E2E AF Axole A ®e W

o AN

O:I_O_‘% o} I 010-11“4_‘ = It

=] TR T

Table 49. Change of pH and acidity of 3 kinds of starter during fermentation
(%)

0 h 6 h 18 h
Acidity pH Acidity pH Acidity pH
ABT-A4 0.13 6.65 0.46 454 1.05 4.10
ABT+LPL 0.14 6.64 0.34 4.67 0.98 4.09
LPL 0.13 6.65 0.15 6.42 0.76 4.28
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¥ o8

£

E . ——Li

z ==L P ABT
< —a— ABT-4

Che ghr 1Shr

Incubation time (hour)

Fig. 47. Change of acidity of 3 kinds of starter during fermentation

Flavored &7 2E 24$ 222 317] 9ste] wauolzd 3t A& A7e 2
TEES Az W7 A% F AFFe) WeE W Table 507} Fig. 483 2t

Table 50. Change of viable bacteria count of yogurt fermented by 3 kinds of starter
during cold storage

(Log. number)

0 h 12 h 24 h
ABT-4 11.64 12.08 9.30
ABT+LPL 10.41 9.78 11.60
LPL 11.56 11.20 11.50
1400 +
E 12.00 -
E
3
C‘ —— ABT-4
& 181 —— ABT+LPL
E = LPL
% BOD -
&
6.00 -
Ohr 12hr 24hr
Incubation time (hour)

Fig. 48. Change of viable bacteria count of yogurt fermented
by 3 kinds of starter during cold storage
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ABT-43 5 12A37H4 SA43 S48
SO S thermophilus® =3k 22 A A
9 S thermophilus®) Bd57F FEER 7438 Ao 2 Yehyrh e &3 A
T3 QT EEE YWAAAH 12AZMH Y] S8 e AeR
THAl Aol A At A7 A2 AL L plantarum Q1809] 2
Aow FgoHA), olef e A= L. plantarum Q180 T & X g
28] A7t =A A" 23R B 7 JAAT E dFdAE 2kl tiE
4 Aol AdyH Ao] obYoX L. plantarum Q180 w52] 214k g e o] WA
oF 7] wiiol & AEHES FASL U= Bolgka AzE.
E ol xe F3 AS HIbe & WA 24A07HA] A9 pHe WEE B
Table 513} Fig. 4994 H = #le} o] A== o7y F715199 3, pHe
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Table 51. Change of pH and acidity of yogurt fermented by 3 kinds of starter

during cold storage

0 h 12 h 24 h
Acidity pH Acidity pH Acidity pH
ABT-4 1.05 3.98 1.18 3.96 1.25 3.95
ABT+LPL 0.98 4.04 1.03 4.01 1.14 3.91
LPL 0.76 4.15 0.92 412 1.05 4.10
13
1.2 4
1.1 :
1 £ = = — _—
-'E'—‘ 09 —t— LFL
=
'E- 0.8 - == LPL+ABT
0:7 1 AR
06 -
D5 -
0.4
Qhr 1Zhr Zahr
Incubation time (hour)

Fig 49. Change of acidity of yogurt fermented by 3 kinds of starter

during cold storage
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Fig. 50. The effects of Lactobacillus plantarum Q180 on C/EBPa(A) and PPARy
(B) expression in 3T3-L1 adipocyte.
3T3-L1 preadipocytes were stimulated to differentiation in the presence of L .plantarum

Q180 (400 ug/mL). Cell lysates were prepared and subjected to western blotting to
detect C/EBPa and PPARy. * P<0.05 different from control (#test).

3T3-L1 M2 AR L. plantarum Q180 (10° CFU/g) T3 Z 400 ug/mL
TE2 AHEg MXEE western blotdt Ay, FAHE G tiH] PPAR-yeo TdE-
46.07%, C/EBPa2] W& 3516% 7Asle] AWEHAES E= AAAAe] 4@

AAgS sk

o
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TES v 9 6utEy dubeo] gixa(A), AYAAFE B4R ¢ 1
AAol dxz7(B), Y+ ABT-3 (CHR HANSEN)# 9} Lactobacillus
plantarum Q180 w5 Z@gujd3d LI F= HATFoI3 H(C), ABT-37F¢
Lactobacillus plantarum Q180 5 T3l Ydslar 7FE2A Yol ZHX|olE A 7}3h
g2 ATF3 (D), Lactobacillus plantarum Q1805 o] &3 W aH= 72+
T3l 7H(E), Lactobacillus plantarum Q180% w3l 7FE2A| Yol T HX|olE
71 BERE ATFEAT H(F) T 67 0® U 8F7F AMSekath 8571 A

5 717 et F Aol dAH AT ¥ AolE&&S Table 529 Fig. 519 e
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Fig. 51. Body weight change of SD Rat fed experimental diets.

Values are mean+SD of 6 mice per group.
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Table 52. Body weight changes, food intakes and food efficiency ratio of rats

fed osteo—active product for 8 weeks

AY B C D E F
Body
weight(g/rat)
itial 215.01 210.93 212.62 213.72 209.93 209.57
niti
4 +12.75* | £19.31° +8.63% +12.48* +8.36° +7.50%
Final 44761 504.39 485.18 490.91 491.07 473.98
1mna
+14.12"° | £35.34% | +36.28" | +2223 | +2756° | £12.69%
) 232.60 293.46 272.56 277.18 281.14 264.40
Wt. gain " A A A . A
+15.15 +27.68 £29.25 £26.91 +19.24 +8.71
Wt. gain rate (9)? 0 23.96 17.59 15.91 19.79 10.56
Wt. lose rate (%)% | 19.33 0 5.14 6.50 3.36 10.81

Food intake

1049.14 | 978.94 902.73 894.20 904.04 849.67

Total(g/rat) . b c c c c
£9760° | +51.74° | +8480° | £31.98° | +66.64° | +64.87

ookl taraiiay | 13063 [ 12079 [ 11364 | 11137 | 11380 | 10613
COVASIWRIAALV L 11340 | +1451° | +16.93¢ | +16.92 | +1755% | +16.13¢
- 2220 | 3009 | 3022 | 3105 | 3L17 | 3124

+1.85" +4.50" +2.29" +3.53" +2.33" +2.26"

1>A, normal diet; B, high fat diet; C, high fat diet with yogurt fermented with ABT-3
and L. plantarum Q180; D, high fat diet with yogurt added Garcinia Cambogia and
fermented with ABT-3 and L. plantarum Q180; E, high fat diet with yogurt fermented
with L. plantarum Q180; F, high fat diet with yogurt added Garcinia Cambogia and
fermented with L. plantarum Q180

2)Weight gain rate compared to ND group (group A)
3Weight gain loss compared to HFD group (group B)
YFER : Food efficiency ratio, Wt. gain(g)/Food intake(g) x 100

Values are mean+SD of 6 rat per group. 4 Means with the same letter within the row

are not significantly different. (p<0.05).

A FE 7] AT 20057~213.72g°| At 8F &k ARAXole] FHOE
aAgA ol xRl B AT S7hEol 29346go2 VP B2 SUHE B W
HoodEk el dlzatE 23260ge2 UMY AA SUHE B AT SUFEE

==

Lactobacillus plantarum Q1805 ©]&3% T3 FE ATF+FAs +(E), ABT-3¢F
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7FEAIY el EAokE H7ts
(CHR HANSEN)3f 9}

Lactobacillus plantarum Q180 5 =guj sl
BEFE ATl L), FHEFA ABT-3
Lactobacillus plantarum Q180 % Edw&s TafE HT7FA% +(0),
Lactoballus plantarum Q180% W slal 7F2AY o}l FHEXolE H7lsk HagfE=
ATFAg (F) cox2 AA yEwt Cox Aol tiH] Als o] 5.14%
st o, DS 65%, Ev2 3.36%, Fo2 10.81% #43dte] L. plantarum
R A oS H7ME WaRHE ATFAT oA
A g A AE
THSE A5

Q180 TF = Hjekslz 7= Ao}
| 7H¢ sHolutt

g Hago

Lo
=
i

Kidnes)f fat

=
Table 53l
Table 53. Weights of liver, kidney and epididymal adipose tissue of rat fed
(g

Visceral
fat (g)
7.80+1.42°

2.58+0.26"
13.97+2.43%

fat pad (g)

Spleen
7.07£1.20¢

weight (g)
12.68+2.29%

high fat diet with lactic acid bacteria for 8 weeks.
Epididymal
4.63+0.83"

Liver

Kidney
weight (g)

0.97+0.04™
12.33+2.71%

3.97+0.99

11.87+1.57"

weight (g)
2.75+0.15°
2.80+0.12°

0.85+0.15"
0.92+0.07*

9.89+2.09™
9.80+1.58™"

3.59+0.86™
3.61+1.25"

12.02+3.92°
11.80+3.05"

11.29+1.06"

12.72+1.30°

2.77+0.18"

1.07+0.15%
9.44+2.08"™

3.46+0.95"

B
12.59+1.18"

2.80+0.23"

0.96+0.12%

9.02+2.26>

12.62+0.40°

2.87+0.21°

0.92+0.19%

12.62+1.04°

C
D
E | 12.74+0.70"
F 2.75%0.06"
1>A, normal diet; B, high fat diet; C, high fat diet with yogurt fermented with ABT-3
and L. plantarum Q180; D, high fat diet with yogurt added Garcinia Cambogia and

fermented with ABT-3 and L. plantarum Q180; E, high fat diet with yogurt fermented
with L. plantarum Q180; F, high fat diet with yogurt added Garcinia Cambogia and

fermented with L. plantarum Q180
tﬂ—/_\)l o]
I FA7E o=
2 ALgE

Values are mean+SD of 6 rat per group. * “Means with the same letter within the row
o A LA FA 7 o

are not significantly different. (p<0.05).

FaLg

#astglon, E

Tt EdF EF R
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ol A A A 3 ¥ dEsn WAl QoM R F oAb BolA|
e E

A skl

Hlukel A 5 o] =3 o2 MNAH Lactobacillus plantarum Q1809F A+

ABT-3(CHR HANSEN) 18|31 7}F2A|Yol ZrH AJole] o7t 7+ 3ke]l 2| 77}

He P EA4XQ0 ASTSE ALTO] Ao m 2= @& Table 549} Zt}. ALT
At 7 2k gl Aol melAu feld Aol glglem AST FAE 49

59 Lactobacillus plantarum Q180 7= &3 HagH2 HAT5F3 CatolA
A e $AE dehle,
Table 54. Activities of AST, ALT in mice fed high fat diet with lactic acid

bacteria for 8 weeks

(U/L)
A B C D E F
119.33 108.17 76.00 92.67 86.83 83.50
AST , . b ab ab al
+ 30.36° + 31.33° + 341 + 9.54° + 6.55 + 11.59%
ALT o4.17 4817 35.00 38.17 36.17 39.83
+ 47.34° + 9.85° + 6.72° + 3.13° + 475" + 3.60°

Values are mean+SD of 6 rat per group.

1>A, normal diet; B, high fat diet; C, high fat diet with yogurt fermented with ABT-3

and L. plantarum Q180; D, high fat diet with yogurt added Garcinia Cambogia and

fermented with ABT-3 and L. plantarum Q180; E, high fat diet with yogurt fermented

with L. plantarum Q180; F, high fat diet with yogurt added Garcinia Cambogia and

fermented with L. plantarum Q180

not significantly different. (p<0.05)

v gk A 5ol 58 o2 MAHY Lactobacillus plantarum Q1803 73+

ABT-3(CHR HANSEN) Z1#]al 7F2AIY o} ZrHAjoke] Foj7h &4 A2 &

H 2= &S Table 5594 2r) dAHe %Hx]HP(TG),] o] Ao zé/g-/_\j] o]
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Table 55. Lipid levels of plasma in mice fed high fat diet with lactic acid

bacteria for 8 weeks.

A B C D E F
Total cholesterol | 83.17 91.33 80.83 87.00 94.67 79.50
(mg/dL) +11.96° | 1893 | +12.19° | +15.81° | +1453* | +7.42°
Triglyceride 108.00 | 14433 | 10467 | 96.00 90.50 93.83
(mg/dL) +17.31° | +#40.71" | +1815" | +7.85" | +7.26° | +2257°
LDL cholesterol 9.33 12.50 10.00 13.17 15.67 11.33
(mg/dL) +3.08° | +2.07 | 167 | 407 | +294° | +1.86™
HDL cholesterol | 73.00 73.33 63.17 74.17 80.33 69.50
(mg/dL) +1047° | +1661* | £1061% | +14.77% | #11.62* | +7.79°
Total protein 6.90 6.75 6.78 6.85 6.57 6.77
(g/dL) +0.13* | +0.16° | +0.12° | +0.10* | +0.08" | +0.10°
Glucose 10417 | 121.00 | 117.83 | 116.00 | 12250 | 120.83
(mg/dL) +337° | +795" | 6347 | +9.12° | 475 | +7.44°

Values are mean+SD of 6 rat per group.

1)A, normal diet; B, high fat diet; C, high fat diet with yogurt fermented with ABT-3
and L. plantarum Q180; D, high fat diet with yogurt added Garcinia Cambogia and
fermented with ABT-3 and L. plantarum Q180; E, high fat diet with yogurt fermented
with L. plantarum QI180; F, high fat diet with yogurt added Garcinia Cambogia and
fermented with L. plantarum Q180

¢ Means with the same letter are not significantly different. (p<0.05).

Higto 2 Futy= olad A3 % oo #ew
ko] Abslel oAl 5 A W ol YA thAke F

WAL ol 4ES ohEATI AL A
o Q3 g
E %=+ Table 567 ZtHKim &, 2005). AHA LA 7 ol
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Table 56. Adipocytokine levels of plasma in mice fed high fat diet

acid bacteria for 8 weeks.

with lactic

A B C D E F
adiponectin 3.26 2.99 3.10 2.83 3.04 3.25
(ng/mL) +0.55° +(.39° +0.24° +(.32° +0.58° +0.84°
leptin 315.05 532.76 42655 408.16 426,61 413.76
(pg/mL) +20.71¢ | +£135.92* | +46.14° +61.19" +64.87° +42.19°

Values are mean+SD of 6 rat per group.

1)A, normal diet; B, high fat diet; C, high fat diet with yogurt fermented with ABT-3
and L. plantarum Q180; D, high fat diet with yogurt added Garcinia Cambogia and
fermented with ABT-3 and L. plantarum Q180; E, high fat diet with yogurt fermented
with L. plantarum QI180; F, high fat diet with yogurt added Garcinia Cambogia and
fermented with L. plantarum Q180

¢ Means with the same letter are not significantly different. (p<0.05).
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A6 F ATNTHAANA =R oAt VeHE

1. Regulation of abdominal adiposity by probiotics (Lactobacillus gasseri
SBT2055) in adults with obese tendencies in a randomized controlled
trial

Author(s): Kadooka, Y., Sato, M., Imaizumi, K., Ogawa, A., Ikuyama, K., Akai,

Y., Okano, M., Kagoshima, M. and Tsuchida, T.

Source: European Journal of Clinical Nutrition 64: 636-643.

Published: 2010

Abstract:

Background/Objectives: In spite of the much evidence for the beneficial effects
of probiotics, their anti-obesity effects have not been well examined. We
evaluated the effects of the probiotic Lactobacillus gasseri SBT2055 (LG2055) on
abdominal adiposity, body weight and other body measures in adults with obese
tendencies.

Subjects/Methods: We conducted a multicenter, double-blind, randomized,
placebo-controlled intervention trial. Subjects (n=87) with higher body mass
index (BMI) (24.2-30.7 kg/m” and abdominal visceral fat area (81.2-1785 cm?)
were randomly assigned to receive either fermented milk (FM) containing
LG2055 (active FM; n=43) or FM without LG2055 (control FM; n=44), and were
asked to consume 200 g/day of FM for 12 weeks. Abdominal fat area was
determined by computed tomography.

Results: In the active FM group, abdominal visceral and subcutaneous fat areas
significantly (P<0.01) decreased from baseline by an average of 4.6% (mean
(confidence interval): -5.8 (-10.0, -1.7) c¢m® and 3.3% (-7.4 (-11.6, -3.1) em?),
respectively. Body weight and other measures also decreased significantly
(P<0.001) as follows: body weight, 1.4% (-1.1 (-1.5, -0.7) kg); BMI, 1.5% (-0.4
(<05, -0.2) kg/m”); waist, 1.8% (-1.7 (-2.1, -14) cm); hip, 15% (-15 (18,
-1.1) cm). In the control group, by contrast, none of these parameters decreased
significantly. High—-molecular weight adiponectin in serum increased significantly
(Po0.01) in the active and control groups by 12.7% (0.17 (0.07, 0.26) mg/mlL)
and 13.6% (0.23 (0.07, 0.38) mg/mL), respectively.

Conclusion: The probiotic LG2055 showed lowering effects on abdominal
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adiposity, body weight and other meawures, suggesting its beneficial influence

on metabolic disorders.

2. Effect of Lcatobacillus acidophilus NCDC 13 supplementation on the
progression of obesity in diet-induced ovese mice
Author(s): Arora, T., Anastasovska, J., Gibson, G., Tuohy, K., Sharma, R. K,
Bell, J. and Frost, G.
Source: British Journal of Nutrition 108: 1382-1389.
Published: 2012
Abstract: There is an increased interest in investigating the relationship between
the gut microbiota and energy homeostasis. Probiotics are health beneficial
microbes mainly categorised under the genus Lactobacillus and Bifidobacterium,
which when administered in adequate amounts confer health benefits to the host,
and have been implicated in various physiological functions. The potential role of
probiotics in energy homeostasis is a current and an emerging area of research.
In the present study, Lactobacillus acidophilus NCDC 13 was used to evaluate
its anti-obesity potential in diet-induced obese (C57BL/6) mice. The probiotic
bacterial culture was administered in Indian yogurt preparation called 'dahi’,
prepared using native starter cultures, and compared with control dahi containing
only dahi starter cultures. The dietary intervention was followed for 8 weeks,
and whole-body fat composition, and liver and muscle adiposity were measured
using MRI. Changes in gut microbiota were assessed by fluorescent in situ
hybridisation in faeces and caecal contents. The feeding of the probiotic brought
no changes in body-weight gain, food and dahi intake when compared with the
control dahi—-fed animals. No significant changes in body fat composition, liver
and muscle adiposity were also observed. At the end of the dietary intervention,
a significant increase (P<0.05) in the number of total Bifidobacterium was
observed in both faeces and caecal contents of mice as a result of probiotic dahi
administration. Thus, L. acidophilus NCDC 13 supplementation could be
beneficial in shifting the gut microbiota balance positively. However, its
anti-obesity potential could not be established in the present study and warrants

further exploration.
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3. Probiotic characteristics of lactic acid bacteria isolated from kimchi
Author(s): Chang, J. H., Shim, Y. Y., Cha, S. K. and Chee, K. M.

Source: Journal of applied microbiology 109: 30-220.

Published: 2010

Abstract:

AIMS: The present work was aimed at identifying strains of lactic acid
bacteria (LAB) from kimchi, with properties suitable for use as starter cultures
in yogurt fermentation.

METHODS AND RESULTS: A total of 2344 LAB strains were obtained from
two different sources, one group consisted of commercial LAB strains from
kimchi, and the second group consisted of those strains isolated from wvarious
types of kimchi. The LAB strains from both groups were screened for
resistance to biological barriers (acid and bile salts), and the four most
promising strains were selected. Further analysis revealed that KFRI342 of the
four selected strains displayed the greatest ability to reduce the growth of the
cancer cells, SNU-C4. The in vivo efficacy of strains in quinone reductase
induction assay was evaluated, and the extent of DNA strand breakage in
individual cells was investigated using the comet assay. Strain KFRI342 was
identified as Lactobacillus acidophilus by 16S rRNA sequence analysis, showed
protection against tumour initiation and imparted immunostimulation as well as
protection against DNA damage.

CONCLUSIONS: Strain KFRI342, which showed probiotic characteristics
reducing cancer cell growth, could be a suitable starter culture for yogurt
fermentation because of its strong acid production and high acid tolerance.
SIGNIFICANCE AND IMPACT OF THE STUDY: This is the first report to
describe a bacterium, isolated from kimchi, Lact. acidophilus KFRI342 which has
the probiotic characteristics and the acid tolerance needed for its use as a

starter culture in yogurt fermentation.

4. Targeting gut microbiota in obesity: effects of prebiotics and probiotics
Author(s): Delzenne, N. M., Neyrinck, A. M., Bickhed, F. and Cani, P. D.
Source: Nature reviews. Endocrinology 7: 46-639.

Published: 2011
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Abstract: At birth, the human colon is rapidly colonized by gut microbes. Owing
to their vast number and their capacity to ferment nutrients and secrete
bioactive compounds, these gastrointestinal microbes act as an environmental
factor that affects the host’s physiology and metabolism, particularly in the
context of obesity and its related metabolic disorders. Experiments that
compared germ-free and colonized mice or analyzed the influence of nutrients
that qualitatively change the composition of the gut microbiota (namely
prebiotics) showed that gut microbes induce a wide variety of host responses
within the intestinal mucosa and thereby control the gut’'s barrier and endocrine
functions. Gut microbes also influence the metabolism of cells in tissues outside
of the intestines (in the liver and adipose tissue) and thereby modulate lipid and
glucose homeostasis, as well as systemic inflammation, in the host. A number of
studies describe characteristic differences between the composition and/or
activity of the gut microbiota of lean individuals and those with obesity.
Although these data are controversial, they suggest that specific phyla, classes
or species of bacteria, or bacterial metabolic activities could be beneficial or
detrimental to patients with obesity. The gut microbiota is, therefore, a potential
nutritional and pharmacological target in the management of obesity and

obesity-related disorders.

5. Supplementation of Lactobacillus curvatus HY7601 and Lactobacillus
plantarum KY1032 in diet-induced obese mice is associated with gut
microbial changes and reduction in obesity.

Author(s): Park, D. Y., Ahn, Y. T., Park, S. H, Huh, C. S, Yoo, S. R., Yu, R,

Sung, M. K., McGregor, R. A. and Choi, M. S.

Source: PloS one 8: €59470.

Published: 2013

Abstract:

OBJECTIVE: To investigate the functional effects of probiotic treatment on the
gut microbiota, as well as liver and adipose gene expression in diet-induced
obese mice.

DESIGN: Male C57BL/6] mice were fed a high—fat diet (HFD) for 8 weeks to

induce obesity, and then randomized to receive HFD-+probiotic (Lactobacillus
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curvatus HY7601 and Lactobacillus plantarum KY1032, n=9) or HFD-+placebo
(n=9) for another 10 weeks. Normal diet (ND) fed mice (n=9) served as
non-obese controls.

RESULTS: Diet-induced obese mice treated with probiotics showed reduced
body weight gain and fat accumulation as well as lowered plasma insulin, leptin,
total-cholesterol and liver toxicity biomarkers. A total of 151,061 pyrosequencing
reads for fecal microbiota were analyzed with a mean of 6564, 5274 and 4,464
reads for the ND, HFD+placebo and HFD-+probiotic groups, respectively. Gut
microbiota species were shared among the experimental groups despite the
different diets and treatments. The diversity of the gut microbiota and its
composition were significantly altered in the diet-induced obese mice and after
probiotic treatment. We observed concurrent transcriptional changes in adipose
tissue and the liver. In adipose tissue, pro-inflammatory genes (TNFa, IL6, IL13
and MCP1) were down-regulated in mice receiving probiotic treatment. In the
liver, fatty acid oxidation-related genes (PGCla, CPT1, CPT2 and ACOX1) were
up-regulated in mice receiving probiotic treatment.

CONCLUSIONS: The gut microbiota of diet-induced obese mice appears to be
modulated in mice receiving probiotic treatment. Probiotic treatment might
reduce diet-induced obesity and modulate genes associated with metabolism and

inflammation in the liver and adipose tissue.

6. High-fat diet-induced obesity 1is attenuated by probiotic strain
Lactobacillus paracasei ST11 (NCC2461) in rats.

Author(s): Tanida, M., Shen, J., Maeda, K., Horii, Y., Yamano, T., Fukushima,

Y. and Nagai, K.

Source: Obesity research & clinical practice 2: 159-169.

Published: 2011

Abstract: In a recent study, we obtained some evidences that probiotic strain

Lactobacillus affects the autonomic nerve activities and regulates blood glucose

and cardiovascular function. In the study presented here, we found that

long-term ingestion of the Jactobacillus strain Lactobacillus paracasei ST11

(NCC2461) reduced body weight and abdominal fat weight. To investigate

possible role of autonomic nerves in anti-obesity action of NCC2461, we
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examined the effects of intraduodenal (ID) injection of the /lactobacillus strain L.
paracasel ST11 (NCC2461) on sympathetic nerve activity innervating white
adipose tissue (WAT-SNA) in urethane-anesthetized rats, and found that it
accelerated WAT-SNA. Moreover, intraduodenal (ID) injection of NCC2461
increased in sympathetic nerve activity Innervating brown adipose tissue
(BAT-SNA) and decreased in hepatic vagal nerve activity (HVNA). In addition,
using conscious rats, we examined the effects of intra-gastric (IG) injection of
NCC2461 on lipolysis and BAT thermogenesis, and observed that it clearly
elevated the plasma FFA level, BAT temperature and abdominal temperature.
Thus, these data suggest that the NCC2461 affects autonomic nerves, enhances

lipolysis, and reduces body weight in rats.

7. Lactobacillus plantarum 1LG42 Isolated from Gajami Sik—Hae Inhibits
Adipogenesis in 3T3-L1 Adipocyte

Author(s): Park, J. E., Oh, S. H. and Cha, Y. S.

Source: BioMed Research International ID460927

Published: 2013

Abstract: We investigated whether lactic acid bacteria isolated from gajami
sik-hae (GLAB) are capable of reducing the intracellular lipid accumulation by
downregulating the expression of adipogenesis-related genes in differentiated
3T3-L1 cells. The GLAB, Lactobacillus plantarum 1.G42, significantly decreased
the intracellular triglyceride storage and the glycerol-3-phosphate dehydrogenase
(GPDH) activity in a dose-dependent manner. mRNA expression of transcription
factors like peroxisome  proliferator-activated receptor (PPAR)y and
CCAAT/enhancer-binding protein (C/EBP)a involved in adipogenesis was
markedly decreased by the GLAB treatment. Moreover, the GLAB also
decreased the expression level of adipogenic markers like adipocyte fatty acid
binding protein (aP2), leptin, GPDH, and fatty acid translocase (CD36)
significantly. These results suggest that the GLAB inhibits lipid accumulation in
the differentiated adipocyte through downregulating the expression of adipogenic

transcription factors and other specific genes involved in lipid metabolism.
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8. Effects of milk fermented bylLactobacillus gasseri SBT2055 on adipocyte
size in rats
Author(s): Sato, M., Uzu, K., Yoshida, T., Hamad, E. M., Kawakami, H., Hiroaki
Matsuyama, H., Abd El-Gawad, I. A. and Imaizumia, K.
Source: British Journal of Nutrition 99: 1013-1017.
Published: 2008
Abstract: Despite adequate scientific evidence of the potential benefits of
probiotics to human health or disease prevention, their contribution to the
growth of adipose tissue remains to be established. Four-week-old male
Sprague-Dawley rats were fed a diet containing skim milk (control diet) or
skim milk fermented by Lactobacillus gasseri SBT2055 (LGSP diet) for 4
weeks. Their body weight gain, adipose tissue weight, adipocyte size distribution
profile, blood and hepatic lipids, and serum leptin, glucose and adiponectin levels
were determined. There was a significant reduction in average adipocyte size in
mesenteric white adipose tissue (P = 0-004). Moreover, the rats fed the LGSP
diet displayed greater numbers of small adipocytes from mesenteric and
retroperitoneal adipose tissues than did those on the control diet. Whereas
adiponectin concentrations did not differ between the groups, serum leptin
concentrations were decreased to 32 % in the LGSP diet group compared with
the control group. Concentrations of serum glucose and lipids, and liver lipids,
except for the liver TAG level, were similar in the two groups. These results
indicate a possible role for a fermented milk product in the regulation of adipose

tissue growth.
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3) L. plantarum Q180 T 271X 2EH 9 A4H 34

A= : Biobalance(7}%)

AFE D =4
Freeze dried concentrated lactic cultures for direct vat inoculation of

skim milk and skim milk bases. This culture have been isolated from raw milk
and identified by the Korea Food Research Institute and subjectedto no genetic

modification.

T : Lactobacillus plantarum Q180

EZGFY : Sachet of 20g
Carton box of 20 sachets

T3 &8 HAL (Test of culture)

For viability of L. plantarum :
Substrate Sterilized reconstituted milk (12% TS)

Heated to 20 minutes at 110C.
Standardized to pH 6.60.
Fermentation Temperature : 38C.
Fermentation Time : 4 h
Inoculation Level : 0.01%

Changes of pH obtained : +1.0

Viable cell numbers : 1 x 10" CFU/mL
(28] 71273 9 JEFA AAH)

AREE 380 L E A Ao 20g Sachet 165 FA o= HEdoh

HAE 9 gsEd 77 dny Fx

AZZHE 1 5C o]ste] WA Hiytste] 671 oo Apggth s e o
Aol 9ol AormE AAES FHYTH

ZIALE : AETH EFolmg o] RS FAF AL ok AFA wEH A oF
E% F9o digyrt
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& AF A7+ HAFLH ]2
24 MAE
Total coliform count <1l in lg IDF 73A 1985
Enterococci <20 in 1g Gelose Bile, esculine,
sodium azide in 48 h
at 37T
Yeast & Moulds <1l in lg IDF 94B 1990
Salmonella 7 in 25g | IDF 93B 1995 ou] A
Staphylococcus. aureus <4 in 25g IDF 60A 1978 5 FANE
Listeria monocytogenes 54 In 25¢g | NF V08-055 < AA B
2 3o
T s
Cadmium <1 mg/kg
Arsenic <1 mg/kg
Lead <1 mg/kg
Mercury <1 mg/kg
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A 19
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@R & 2177 3.3 1.056 1.188 1.485 0.033 3.267
AT ET 0.42 05 0.016/ 0.018| 0.0225 0.44 0.06
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HFEEHE
A (%) | T F(ke) AEZA
k! A v Kl FE TS(%)
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A A 5 1.01 1.2 0 0 0 12 0
Al 100 119 | 42472 | 46656 | 16.807 93.066 25.784

- 163 -




Fig. 52. Entrance door of fermenter room

Fig. 53. 5L Double fermenter
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Fig. 55. 70L Auto controlled Fermenter
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Fig. 56. Auto controlled 700L fermenter

Fig. 57. Cell Preservation Tank
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Fig. 58. High speed centrifuge for Cell Harvest

Fig. 59. Vaccum Freeze Dryer
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