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SUMMARY

[. Title

Production of whey fermentation presenting bifidogenic growth stimulator activity

II. Objective and Significance

The objective of this study is to produce and commercialize whey fermentation
presenting bifidogenic growth stimulator (BGS) using Leuconostoc mesenteroides CJNU 0147
and Lactobacillus casei CJNU 0588.

Cheese whey is a byproduct from natural cheese manufacture and its production scale is
10 times as that of the cheese. In these days, the consumption of natural cheese
dramatically increased, resulting in the increase of whey production. This situation triggers
many industries to develop functional materials by using rich whey.

Complex ecosystems exist in human gastrointestinal (GI) tracts and the balance between
beneficial and harmful bacteria is maintained in healthy people. In some cases, however the
balance is destroyed and harmful bacteria are predominant, which might causes Gl-related
diseases. Unlike infants, old aged people are susceptible to change of GI microbiota,
resulting in the reduction of ratio of bifidobacteria in the microbiota. Therefore, it is very
important to recover the ratio of bifidobacteria to expand their healthy life span. For that
purpose, prebiotics such as fructooligosaccharide (FOS), probiotics and synbiotics (prebiotics
plus probiotics) are broadly used. Particularly, prebiotics which can selectively stimulate the
growth of bifidobacteria are actively studied for long time.

In this respect, it is very important to develop and commercialize the whey fermentation
presenting BGS activity using Leuconostoc mesenteroides CJNU 0147 and Lactobacillus casei
CJNU 0588 because it might be value-added food material.

. Contents and Scope

1. Optimal conditions for production of whey fermentation presenting BGS activity

To investigate the optimal conditions for the production of whey fermentation presenting
BGS activity, single/mixed culture, temperature, and aerobic/anaerobic conditions are
evaluated. Briefly, at first, the optimal conditions for the single and mixed cultures are
determined, the optimal temperature is evaluated, and finally the effect of oxygen is
investigated. For the tests, 1.5 L of 10% (w/v) whey medium in a 3 L jar fermenter

(Fermentec Co., Cheongwon, Korea) is used. In the case of single culture, CJNU 0147 and



CJNU 0588 strains are inoculated into the medium at a final concentration of 1%. In the
case of mixed culture, both strains are inoculated simultaneously into the medium at a
final concentration of 0.5%. To investigate the optimal temperature for the production, the
whey fermentations are produced at 20, 25, and 30C. To test the air conditions of the
culture for BGS activity, aerobic conditions with atmosphere and anaerobic conditions with
nitrogen gas are applied to the jar fermenter. During fermentation under both conditions,
sampling are performed at 0, 12, 24, 36, and 48 h, and viable cell counts expressed as cfu
(colony forming unit)/mL are evaluated. The BGS activity are tested using 24 and 48 h

samples. pH values are automatically measured and displayed by the jar fermenter.

2. Pilot-scale production of whey fermentation and preparation of prototypes (liquid,
spray-dried powder, freeze-dried powder)

Exactly 05% (w/v) of both freeze-dried cells (Leu. mesenteroides CJNU 0147; 4.68x10°, L.
casei CJNU 0588; 344x10°cfu/g) is inoculated in 75 L of whey medium (10%,w/v),
sterilized at 60°C for 30 min, and cultured for 48 h under optimal conditions as previously
investigated. The whey fermentation is sterilized or concentrated and spray-dried or
freeze-dried and the resulting samples are stored at 4°C until use.

3. BGS activity of prototypes and comparison with FOS
Prototypes of whey fermentation such as sterilized liquid whey fermentation, spray-dried
whey fermentation powder, and freeze-dried whey fermentation powder are tested for BGS

activity and the activity is compared with FOS as a positive control for BGS.

4. Verification of maintenance and growth stimulation of bifidobacteria in yogurt
Maintenance of bifidobacteria (Bifidobacterium lactis) in yogurt where prototypes of whey
fermentation are added as a BGS is evaluated. To do this experiment a yogurt is
manufactured in our laboratory and prototypes of whey fermentation are added to the
yogurt with the bifidobacterial strain. Viable cell count of the bifidobacterial strain is

measured during storage at 10C.
IV. Results

1. Optimal conditions for production of whey fermentation presenting BGS activity

In the single culture of Leu. mesenteroides CJNU 0147, the pH value decreased to 5.2 after
48 h, and the viable cell count reached 8.8 Log cfu/mL. In the L. casei CJNU 0588 culture,
the pH value decreased to 4.9, and the viable cell count reached 8.9 Log cfu/mL. In the
mixed culture of Leu. mesenteroides CJNU 0147 and L. casei CJNU 0588, the pH value
decreased to 4.7, and the viable cell count reached 8.1 Log cfu/mL. The viable cell counts
and pH values of the single cultures were higher than those of the mixed culture.

However, BGS activity of the whey fermentation from the mixed culture was slightly



higher than those of the single cultures. Therefore the mixed culture was concluded to be
the best for the production of whey fermentation presenting BGS activity. Next, the optimal
temperature was evaluated using the mixed culture. At 207C, the pH value decreased to
5.7, and the viable cell count reached 8.0 Log cfu/mL after 48 h. At 25C, the pH value
decreased to 5.3, and the viable cell count reached 8.7 Log cfu/mL after 48 h. At 30C, the
pH value decreased to 4.7, and the viable cell count reached 8.5 Log cfu/mL after 48 h.
As expected, the cell growth was fastest at 30°C, as the highest viable cell count actually
reached 9.0 Log cfu/mL after 36 h. However, the BGS activity of the whey fermentation
did not correlate with cell growth, as the BGS activities of both bifidobacterial strains were
highest at 20°C. Therefore, 20C was chosen as the optimal temperature for the production
of whey fermentation. Finally, the optimal air conditions for BGS production were tested
under previously optimized conditions, such as mixed culture and 20C. Under aerobic
conditions with atmosphere, the pH value decreased to 5.8, and the viable cell count
reached 84 Log cfu/mL after 48 h. On the other hand, the pH value decreased to 5.7, and
the viable cell count reached 8.7 Log cfu/mL after 48 h under anaerobic conditions with
nitrogen gas. The BGS activities of the whey fermentation samples prepared under
anaerobic conditions were slightly higher than those of the whey fermentation samples
under aerobic conditions; however, there was no difference between anaerobic conditions
and a condition without air supply. From the results, the conditions without air was

chosen for the optimal production of whey fermentation presenting BGS activity.

2. Heat stability of optimally produced whey fermentation

To evaluate food process applicability, the heat stability of optimally produced whey
fermentation was tested. When the BGS activity of whey fermentation at 25T was
considered as 100%, decreases in activity were 9.92, 15.15, and 17.93% for B. lactis strain
and 7.63, 11.66, and 15.12% for B. longum strain at 80, 100, and 121C for 15 min,
respectively. Though the BGS activity slightly decreased at high temperatures, the rate of
reduction was not significant. Therefore, the whey fermentation could be applied to various

food processes with mild heat treatment.

3. BGS activity of prototypes and comparison with FOS

Prototypes of whey fermentation such as sterilized liquid whey fermentation, spray-dried
whey fermentation powder, and freeze-dried whey fermentation powder were tested for
BGS activity and the activity was compared with FOS as a positive control for BGS.
Prototypes of liquid, spray-dried, and freeze-dried whey fementation were still showed BGS
activity for the B. lactis and B. longum strain. Particularly the BGS activity of freeze-dried

whey fermentation powder was a little bit stronger than that of FOS.

4. Verification of maintenance and growth stimulation of bifidobacteria in yogurt

From the results of viable cell count of B. lactis strain in yogurt which was also added

_7_



with bifidogenic growth stimulators such as FOS as a positive control and freeze-dried
whey fermentation as the test sample, the difference was appeared after 1.5day and the

maintenance activity for B. lactis was higher than that of FOS.

V. Opinion for Future Use

1. Application of whey fermentation presenting BGS activity which was optimally produced
by using Leu. mesenteroides CJNU 0147 and L. casei CJNU 0588 strains for patents and
its commercialization.

2. Publication of above optimized conditions for production of whey fermentation

presenting BGS activity.

3. Application of whey fermentation technology developed in this study to production of

various functional food materials

4. Isolation and identification of compounds in the whey fermentation presenting BGS

activity via further studies and development of their mass production method.
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Fig. 1. Trends of production and consumption of domestic natural cheese.
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Fig. 2. Applications of cheese whey to several industries and a strategy for the production

of value-added materials via whey fermentation.
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Fig. 4. Bifidogenic Growth Stimulator activity of whey culture supernatant of CJNU 0147
and CJNU 0588. Bifid, Bifidobacterium longum FI10564; Whey, B. longum plus whey
medium; CJNU 0147, B. longum plus whey culture supernatant of CJNU 0147; CJNU 0588,
B. longum plus whey culture supernatant of CJNU 0588. The data represent the

mean+standard deviations of triplicate determinations.
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Fig. 5. Growth stimulator activity of whey culture supernatant of Leuconostoc mesenteroides
CJNU 0147 for other bacteria: Escherichia coli DH5a (A), Enterococcus faecalis KFRI 675 (B),
Listeria monocytogenes ATCC 19111 (C), and Staphylococcus aureus ATCC 14458 (D). E.
coli, Escherichia coli; Ent, Enterococcus faecalis; Listeria, Listeria monocytogenes; Staphy,
Staphylococcus aureus; Whey, bacteria plus whey medium; CJNU 0147, bacteria plus whey
culture supernatant of CJNU 0147. The data represent the mean+tstandard deviations of

triplicate determinations.
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Fig. 6. Growth stimulator activity of whey culture supernatant of Lactobacillus casei CJNU
0588 for other bacteria: Escherichia coli DH5a (A) and Listeria monocytogenes ATCC 19111
(B). Whey, bacteria plus whey medium; CJNU 0588, bacteria plus whey culture supernatant

of CJNU 0588. The data represent the mean+standard deviations of triplicate experiments.
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Aelsts 1 2AL o]&ste] £%5(20, 25, 30C)o WE g T =Yt HJ
& Addsiy mAgoer Hr| 9@ 713 oA wjgete] HFFH
o ZE Aye 3dtEog AP35 AteH iy TFHXE G
S T A AT AAAS FESAT

of Z=A=9 A=3}7] 9siA Zzre] ZAA] wjokatH A 0, 12, 24, 36, 48h9])
ARE AFSHRL A5 pH, Ad5 2 v T =EE 2o} %’%‘%% THHOE A
stk A SHL AFST 2L 107 FHHo R 345t MRS DA WfA o] =23}
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10min)3+t 3 A5l o34045um syringe filter, Millipore, Billerica, MA, USA)3la] 1 oo}
(filtrate) S A& 2 AFE3st9T. =, 5mL RCM brothe]l w3 =vtg| g o}(B. longum Z-& B.

T fALEE ABEE 100uly Frlste] #7180 2A(GasPak H)
} & 535 (ODan)E 7835+ ]«4‘23} ]E]O} FHAREE BDSAT B
s

A AZ(freeze-drying) B th= 5
o 2 Qo BT ARl WIE
Az WAL A5 oo old wa v EuH e} Z
FEAHL 2AIATE FAL PFR(T6T)l RBIF Lew.
mesenterozdes C]NU 01473} L. casei CJNU 0588 3= MRS brothol| A A3t 17 om 47
49e Fa %A ARzAow f3uAC 48h MFAAT. FALEE FHImDE BFa
25T, 80C, 100C, 121C(autoclave)ol 4 Z+z} 15min 3 A7 & 4412 2](10,000rpm, 10min)3} .o
o O A5 dE H3| syringe filter(0.45um, Millipore)E E3A]7] & o 4L :@]A—}%‘jr 3|43t

o Ag o] &5le 3HE Aoz Hu Ty o} S5 7&%5}93‘:} =, 5mL RCM brothe] H]
g =ty gl olB. longum &L B. lactis)E 2% (v/v) HAF3 & A3 HELEE ABE 2t
7} 100ulL® A7lste] #71A Z7(CasPak H)oll A 377C, 14h W9 T FH T (ODgo) =
ol HmEete ol A4S DU WLHAE BT FHTELY W el
258 10002 st FiAd SR (%)Z FASHH T

olr
:[o

E]
L
14
=2

o} 3R EEY A AF nyzdg el BE v A=

HAHzHe g A3 FHLEES o8&t AL A vy =dtH ot HE &
591t} 5mL MRS brotholl ¥]s]=HLe) g ok(B. lactis)Z 1%(v/v) HES T fALw
Z+zk 100ul® H7Hek & 10T FE71Hez2 AgsiH AZNE©O, 1, 2, 3,4, 5
15 day) B. lactis®] Ag+E =AUt ATTe AL HHE A 52 107
RCM AufA]o] =&ste] 37C, 24h, F713 o2 wjdd & 41" FE(colony, 71‘:1%})
of het &7) widy a4 A ¥HS (Polymerase Chain Reaction; PCR)©. 2 H] 3] L8}
& FYL FAsHT. PCRo A}83F Zafolm: Bifl64(s -GGGTGGTAATGCCGGATGB)Q}
Bif662(5’-CCACCGTTACACCGGGAA-3) o] t}.
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F9 (Leu. mesenteroides CJINU 0147 ©dFF wj¥, L. casei CINU 0588 w7+ wjak,
Leu. mesenteroides CJNU 01477} L. casei CJNU 0588 &35 HjeF) wjks 3 71 =

Hxutggol @& Hole T& Awsle] 220, 25 30CT)dl whak 27 wjdsigeH, Bt
Agte g 7] ¥ @yl 2R wgstHA] v EEEH ol FAse dFE rA=AE =
AV . Leu. mesenteroides CJNU 0147 = wjoke] 3% 48h & pH= 52714 @4 st
A Fs= 88 Log cfu/mLoll o] 28T} L. casei CJNU 0588 SH=F3 wjoke 48h & pHE 4.9
A Hastm AFS5E 89 Log cfu/mLdl o2 Th ¥ BHAE wjoke] A9 48h T pHE
47742 FAastd e Aad= 8.1 Log cfu/mLol| o223tk ©EdFo] mjYgrT BT
Hj kol pHE © Zaste v Aaae Aoz UEdthFig 7). 5L dFolA 24h7}
48h A5 thsll vl ErtH ol FA TS FUHH R AFI Ay dEsdF viYE BT &
ALEE Hrte EFaETY s A AidE fFHTEEC] ¥ 2|

A
Sol B 5% Aoz YEsth(Fig. 8). EFT T wjddA AdFrt SETT ujdol A
Ags B A2 e nHstE F o5 BABA SodA v zdE g ST U
ARFES] ko]l FUIREE FEHE F Jth WY 4P Z2FAE EUE dETF Hue 59
TFE ol83lA LRSS ASHE Aol H AAAYS e EFTFE ol &4
Hesd e 43S FAsA

20C ®lFol 4] 48h ¥ pHE 572 #4891 ATFE 80 Log cfu/mLdl] o2 o™ 25C
wloko]l A 48h T pHE 5302 ZAstgoen Ad4E 87 Log cfu/mLe] o2 th 30°C
v ool M= 48h ¥

pHE 472 431 AT5E 85 Log cfu/mLd| o2t} A3t uf9}
2ol 30TAA To FAEE7E 78 mME Ae® Yehgen 36h WY A RoA= Ad7t
9.0 Log cfu/mLe]l ©] 25 THFig. 9). TL3 AP A 24h B 48h A5 WA v]F ==t g
o F4%5¢ AFsATh 2 2F B lactis FFOl dHAE 20C, 48h AT MY B F4

L HYoew B. longum T35 A= 20C, 24h 2 48h A5 EF7} t}E Al g9 H]3]
FA50ol 53 o2 Ve tHFig. 10). o] 27F F3l FHLEES vy =HE ot F
250 HEE Aitel AMHEE TF9 FAESEdE FHsite AL 4 F don 3H o
of FAEETL F& ABA EAo] o =A Uehde RS AT B FEE 24 o]
o|Fojxof At FAALYEE &o EIE v ERHH ol FAJIAL 1AL TR
7bs/dol UAeE AAbsteE Flolth. o] A¥ZARE nteoE H|IEHte gol ST FHLEE
AAS 3k A TE 2002 2R

A g 2 Ak R mE AL EES v EHtH ol FA5E AFS7] AsiA A
2 HA FETH JF TVl FEo| gl WdRHeE fAEEES Ao AT, pH ¥ ¥ T
Tatg ol F4%5S EASHT. G4 A% AHuStEzAT i RVME FF fle =
Ao 2 wjslaS v 48h ¥ pHE 582 AT A= Log 85 cfu/mLe] o237 o
RANA FIE FFEY TU1HA 2o v A7 48h & pHe 582 #Aaga AT
T Log 84 cfu/mLef| o]2Ft} LJFdA AAE FFste] 78U 202 wjgFst 27



48h & pHE 578 ZH4AFT AdFE Log 87 cfu/mLd o|2F thFig. 11). =H14E pH & A
Tre & Zol7t gglen ol 44 771 7o FAERY & TS vAA g AS
ojm gt FU3 dFPA 24h B 48h A8 E o]&ste] HI=HEHIE o} FAFE HFSAE
 S714¢ 2dETGE 740 =AY FAFl da 53 A2 Ve oF
TtEEE gle e AR EIHdS Aot JAT(Fig. 12). 2 23S viRo R R A
7h2EEE sHA gfe Zlo] Buk AAlFolr] W Ee 2 2SS v ErtH ol F45 f3E

e LS ST HHxder dAHs AT
A8Hc g dyzdtegol FAT FILEE ALME 2% FHxHE ESTF(Leu
st 9lF-o] Th

mesenteroides CJNU 01473} L. casei CJNU 0588)2 A}&3}al 20TCol A wjok
TEHS g 2R MY

AR FgES 7L Hotslr] 98 oA AFL SAEHET. QoA APL 93
sl dA FYF AHzHdor FHNEE £8F 23} 48h ¥ pHE 5.8

T 85 Log cfu/mLz ueht} AAA de ZFAE 4&

= Alazoﬂ —Er%é}o:l Z+z} 80, 100, 121°Cel 4] 15min 8|3 & A-2(25C)ol =Fx] 3k

e 2lol FA5 JUA Hus B3l ddEaE

RICES ‘:‘1345‘:'L Helol 3452 A5 23 25T Mg F45E 100%2 2%E

|A Z+zy 9.92%, 15.15%, 17.93%2] AAo] Ao ™ B. longum o5

€, 100C 2 121ColA Z+zt 7.63%, 11.66%, 1512%2] 24o] At

ig. 14, Fig. 15). A}2-3+ = FF 5 B. lactis #F Xt B. longum TFo) g FH LI E

| AiHez & so=g ‘/]’E]'”":]' AwrH oz g oA v zmutE g ol F4
3 paley

Ti%*f‘%‘i
> g >
b &
e 5

> <

o
WEME
_ﬁi»—\

o

o(‘)

g_l

o,
o

qo O o o H 2 B M do 55 o>

o] i ZTAste Aol Jort 1L(80-121T)dlA FAZH15min) =& HATHE AL
A Z2A EAE 2L obHH 53] BEFAX Al &2 AT do] 7HeAEs HS 1EdH
ALREE A F 7he Al EFARVIE 28 o] E AV gl Aer dAud

o f4REEY AL AY vELH} nE BT PF
AGzA0R AN FALEES o4 A YA wEwholy BE E5Q 7
3 2Y 3L £ YEE HUMEH 2T Alolol Aozt gilent 4dA) HEH olE
Holy] AlZste shAT 15UAE T 2 Fol2 BYTHFg 16). = $4 LAE Pt
Z7174 69 Log cfu/mLZ A|Z}ste] 15U A 7.1 Log cfu/mL=Z ZF7}sk wiH FH7lFe] H
% 7.0 Log cfu/mLZ A|Zsle] 1597 56 Log cfu/mLE ®o| #Asts AL HYrh gz
TOo 7 WFA e FAHE U Fdr 7] 74 7.0 Log cfu/mLE A|Z}sle] 15U 5|
6.1 Log cfu/mLE ZAste AFS Bt o] 2= §3 TEEC] FFE7HA A A
(MRS broth) ZFell A& A7 F<Q vl zdte g ob(B. lactis) &5 BT 3 A7 FAo &7}
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Fig. 7. Viable cell counts and pHs during whey fermentation with single or mixed strains
of CJNU 0147 and CJNU 0588.
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Fig. 8. Bifidogenic growth stimulator activity of whey fermentation samples prepared with
single or mixed strains of CJNU 0147 and CJNU 0588.
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Fig. 9. Viable cell counts and pHs during whey fermentation with mixed strains of CJNU
0147 and CJNU 0588 at different temperatures.
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Fig. 12. Bifidogenic growth stimulator activity of whey fermentation samples prepared with
mixed strains of CJNU 0147 and CJNU 0588 at different air-conditions.
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Fig. 13. Viable cell counts and pHs during whey fermentation at optimized condition.
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Fig. 14. Heat stability of whey fermentation.
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Fig. 15. Bifidogenic growth stimulator activity of whey fermentation samples prepared with
mixed strains of CJNU 0147 and CJNU 0588 after heat treatments.
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Freeze-dried cells
(CJNU 0147, 0588)

Pilot scale whey
fermentation (75 L)

Fig. 17. Pilot scale whey fermentation using freeze-dried cells of CJNU 0147 and CJNU
0588. A: Liquid whey fermentation with sterilization, B: Spray-dried whey fermentation

powder, C: freeze-dried whey fermentation powder.
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A3 A AAFY vl EdtE ot SAT AT B 7€ AFH v
Ly 7}

1 Q7

o

7hoo8 249 AALEE BHe] AUl vy zdyzel F 5

AAESFE S8k 1000 ZEZ|(F=ZE7|(F)AH /FHE 01%‘11 75L¢] %iguﬂz]
(10%, w/v)E& AT F 60T, 30mmoﬂ A A st A ARl 52 AxE &
A F(CNU 0147, CNU 0588) 2% 05%2 Z4zt gEFstlem A S A4ug e
2 48h w3ttt W@HE“L % (20L, Buchii Co)E E3] TZ(QXE, 45C; ¢, 15
mmHg)&t¥ e w BFAx7|(1kg/h; BF&%, 7C)2 F3a
2 AEAE, BF di%, TAAZEY %1‘411‘101 H] 3] = vl
A4 (viable cell counts, CFU/mL) 42 53 AF35S

ST I:Ol'
o,
o]N
>
o[r U

. FHT (ODen)Fd Ag ol A

H| ¥ =8t 2] oK(B. lactis, B. longum)% RCM brothdl] 2%(v/v) FF3o T AFAHEs A5 9
JJr waterdl] 10%(w/v)2 =2 EFAZE, F2AZXES 94EF(6000rpm, 10min)3F & A5 oH-2

o] 7H0.45.m syringe filter, Mllhpore, Billerica, MA, USA)3te] 2 o H(filtrate)S Z+2Zt 2%(v/v)
Wisel @lHeR 77T, Uh WY F FFEES SWee uzTe Wmsdth £, A7

(viable cell counts, CFU/mL)E =34 AgdAE, Byzutg o} lactzs, B. longum)E RCM
brothe]l 1%(v/v) HE3 F Adx23 A5 943 waterd] 10%(w/v)oll %9 ERAZE, 524
Z2EE 474 1%((v/v) Arlsted 37C, 712002 wjdstdA 0, 6, 9, 12, 18, 24/\]{}4 MES] A
e 89t Aase 3L IH' AlRE 103 Mo s RCM LAH|A| o] =2}
o 37T, 24h, ¥714 2o 2 dd3t T P4 F2U(colony, Fhel ek =7 wigH F
T & A A Uk-g-(Polymerase Chain Reactlon; PCR)C. 2 H|F R & 79 AT
PCRoj] A3k ZglolH = Bif164(5'-GGGTGGTAATGCCGGATG-3") ¢}t

Bif662(5’-CCACCGTTACACCGGGAA-3) o] t}.

w71 AFTS ¥ug vt
= ¥ E &7 1 F(Fructooligosaccharide; FOS)-2 H| I =rtg|g|o} F24Q1x} Z-2 ZFnjo] 9 E
2= (prebiotics) 2 ] o]&H= EHE FHLEE AAF vIEgH o} FH5E

7Vt e 19k Zo]l FF % (ODeo)st A< (viable cell counts, CFU/mL) 42 53] A5
AT T3 % (ODeo)E4 dAdolre, vy =rteglol(B. lactis, B. longum)Z RCM brothdl)
2%(v/v) HEE F, watere] 10%(w/v)E =Q FZ2AXEF FOSE HAE (6000rpm, 10min)3t
T A5dLe o3045um syringe filter, Millipore, Billerica, MA, USA)3}e] 2 of ol (filtrate)S
27y 2%(v/v), AFEEE 5%7F HEE Hristd ¥r|de= 37C, 14h v & FAEE SH5H
)z 1ok vwstget. TS (viable cell counts, CFU/mL) =73 A& A&, v 3] =utg g o}(B.
lactis, B. longum)E RCM brotholl 1%(v/v) HEF3d T watere] 10%(w/v)ol < FEAAZES
1%(v/v), FOSE AZSE 5%7F 52 #rlsted 37C, ®7127A08 wokstmA 0, 6, 9, 12, 18, 24
Aol AES ATTE SHsAT. Aage 82 XHH‘GL EE 1010 Aoz RCM 1

Al
Auj Aol =2ale] 37C, 24h, @713 AR U3 & FAAE ZZU(colony, F)ol] thdt

5

45¢ vy
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7] ST EF a4 A4 93 (Polymerase Chain Reaction; PCR)C.2 B ¥ = ute|g] g & T
o 33Ut PCRo]  AMgdH  ZalolMi  Bifl64(5-GGGTGGTAATGCCGGATG-3) s
Bif662(5’-CCACCGTTACACCGGGAA-3) o] t}.

3 4% A%
Qe Buol g wTEEHcl 2458 AFHY
(ODgoo) &+ A4~ (viable cell counts, CFU/mL)

1>
olr
o
]I[oll
:1

=3 vl =utg gol F A

235 T3 HAFsden A3 v EdtE ol B. lactis, B. longumolth. F3FE (ODen)
AP Ae, FFLTEE BD H7F glo] AAAZ(14h) wjddt 23 F3%=(0Den)7t 0.154,
012521 vt fH3LEE LS H7ME ToAs B lactis®] A% &7z, #21%7F &
ZF 0.525, 0.555% 2™ B. longum-2 B5A%x, 5271x7F 242 0.340, 0368°] At (Fig. 18). L&
v SR A el &Adol B. lactis, B. longumo] Z+zt 0523, 0.3472 FHUEE 227 vyl
o vy, FHLEAE 5 AAEE lactic acid®2 U3 pH @47 5 @zl Ao
FEFE FT HE L F3Y pHE FHLEEY TL3 AR lactic acidE AHE-31
BAs Al579 A3} B. lactis, B. longumo] Z+z} 0.335, 0.2100.2 vH|w3d fALETE BEoH
o AL FXE Bk 9o 2o EAZEAS T RALEEY 27Uz Bu FEAZXV)
v sutg glol FAF0] 5% Ao R Adste ol AAFLE MeEsdnt. E3 Ads

(viable cell counts, CFU/mL)E =733t Z3} B. lactis, B. longum E5F 647t A 18A]7171%]
FAAA BEFS GRS 2443kl Thto] B4E ARTY FAE LA 2ARE
g1t 53] B. longume 7% AAZHew TFAAZI BFAZREY $A5H oW, B. lactis
A= 12A17te] BFEAZV} SEAAZET E25XE By d, $& vusds o =3
A2 FAAZ=| vy ERH o F4 Tl 3 Aer Agd & AATH(Fig. 19).

w71 AFTS ¥ug vt
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