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Bifidobacterium spp. can provide human beings with several beneficial physiological effects. Therefore, there has been a considerable
interest in products Bifidobacterium spp. dietary supplements or as starter cultures for probiotic products that may assist in the
improvement of health on the human. But industrial applications have been limited because Bifidobacterium spp. are sensitive to acidic pH
due to organic acid produced by themselves and various conditions. The objective of this study was to establish new method for

improvement of Bifidobacterium viability by entrapment in calcium alginate beads.

We have a plan to select the most suitable polymer

through the -comparison with acid tolerance, oxygen tolerance and theological properties of polymer. Increase of the viable number of
Bifidobacterium induced increasing acid tolerance and oxygen tolerance through the development of entrapment technique. The 4%,
3.30mm diameter) sodium alginate beads led to the best survivability under acid condition. Especially, addition of 6% mannitol, 6% glycerol
or 6% sorbitol to the sodium alginate helped a beneficial effect on viability against acid, bile salt, hydrogen peroxide and cold storage.
The number of viability of entrapped cells by retreatment was 96 fold higher than non-entrapped cells after 5 hours of storage under pH
3 acidic condition. These experimental data clearly demonstrate that a whole cell immobilization by entrapment in calcium alginate beads

is an important survival mechanism which enable
toxicity and frozen state.
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to withstand environmental stresses such as the acidic condition, hydrogen peroxide
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A ARE Agstedof dth oy d EFEL o] HfEA
o] Jlzd o3t X EEHow Bward Zrh e AR
Azt && dAd WEE9 Ag ety L 9] Bifido-
bacterium& AeH o2 FA57 e 5 AW 39 #4F
A gAEENE FES vl glun @A JokE). et
A B A3E= Bifidobacteriums FEZIAA WA, UAAA T
254 5o 4F & dF APHE AHAA T AE
Sl 93 AFo} dAFozAY o] &AL F7HATE
& 2oz 3u 9t

POV )

A2 F 9 ojokuby

2 Ador A8 #FE ddr|ed 7Y AgFedT
Ao|H Be Bifidobacterium breve ATCC 1570022
10% glycerol® 15% ZAE/HE WYE5EIAZ AME3Eld -70C
oA r#stgch. #F2 TPY ¥4 2 modified MRS ®i#]¢]
X COy 7F2E ol 43le 37CAAM g7 wldd & I3 A3
WA 15okg Adugste] ARE-3tgdok3).

ZEu o ZEAR

TPY AA iAo} A 20417 8l93 B. brevedl 1%, 2%, 3%,
4%, 5%, 6% 8%(w/v) sodium alginate solution(Jiwon
Technical Co.,, Lid)& 24 &% F 005 M CaCl, $4&
o] &8t calcium alginate beadsE AZ3&YTl. Screen cup
150 mesh sieve(Sigma S$4042)Z o439 beadE 5% 3
AR dgo] AHste Ago] AL&FY =G BFIHE
AA)7)17] A3 AP E alginateo] 6% glycerol, 6% sor-
bitol#} 6% mannitol 55 #7}3td bead® AZ3}HTh Azd
bead HERARL 20719 beadE AT T FAAE AH3
rt,

ofN ol

Bifidobacterium &

Beadstoll &A%l #5E 2A%7] 48l potassium
phosphate (0.1 M, pH 6.6] , sodium phosphate(0.] M, pH
64), sodium citrate[1%(w/v), pH 8.15]%} sodium citrate &
A[10%(w/v), pH 84]°l stomacher lab blender 400 Unit
(Seward Medical, London, Ontario, Canada)& ©}&3le #¢
37 g8x171 2(6) TPY $Adix]o] AAgyyoez =zt
= 7] wigsld #4E Ag gk

SHYM xAl

B. breve7t 3% bead 1 g& acetic acid®} lactic acid&
329 v &2 Hrlste] pH7Y 20, 30, 407 5002 ZHE 7
Z+o]l TPY dA#=] 10 mLel H7ste 37CAA AAHA
N7 MRz AFEe EFAsgY 2 2HAA 2RHA
2| & B. breve (free cel)®) WS ZAlsted nlmstgl,
Abd] i3 bAA FAME TPY #jAe 0.6% bile salts 3
7kt WAbdm e wWied ZAgglen Atid doF A
43S hydrogen peroxide® TPY ®jxlo] 100 ppm 713l
Atata
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WAAH G 98 B breve’t THE bead 1 g& TPY 44
Wizl 10 mLol #7lsted 4Tl BsldA 159 Aoz A
e 2439t U548 L bead 1 g& 10% skim milk
£ 10 mLe)| 2o deep freezer(Vision co, korea)olx ¥%
gta] -20CoA BEEYn 5HAZRE F49Y bead®E 2
Z7)|(FD-1, ELEYA, japan)olA 12417t &<t SAAZREA 4
LolM BAE T 1Y BFog AFFE FAE .

Retreatment &g

AT 237l 9siM wEol7 beadsE skim milk 10%
(w/v)ol yeast extract 05%(w/v), L-cysteine-HC! 0.05%
(w/v)E T8 &0 308 5¢ FAANAA retreatmentA] 3]
t}. Retreatment® beadst screen cup 150 mesh sieve
(Sigma S4020)8 ol&3td #AZ F, Al 0.85%(w/v) BT
R gdse] A & ALLSE D retreatment Al7A &
beads$te] B2 HHAL 93 bead 1 g& acetic acid(Shinyo.
Co.)8} lactic acid(Junsei chemical Co.)& 3 : 29| 3|82 #7}
3t pH7E 3022 4% ZtZke] TPY wiAl 10 mLol H¥E&
o] 4ToAM 2EH3HEA | A% A2 AE$E FAHNALY
free celld A¢% 22 A FFdd ATFE £Ad

Aok

MAtgold &

HZ% beadslX ETHE B. breveE #9lsl7] $lstd Az
FAMEE A9l SEM(S-700, Hitachi, Japan)& o]&3tt}
Beads®] ¥9Hg Hdsle 43712 HAEAZ F beadsd E
HE WFOR coatingdte] 7HEASGte] 10 kvl 27AA &)
3k

ZXE B. breved Ay £5F

B. breve’t 34 bead | g TPY AHIA 10 mLol
7kated 37Tyl dtsich 1A HHoZ wjgkele]
pHZ pH meter (654 Series Metrohm, Swiss made)& 23X
#4205 bead® A8t B-galactosidase BALS ZA3Y
o} free celld] A$ols Ze ZANAM 2% HEHG wjm A
3.

B -Galactosidase®] 842 o -nitrophenyl- 8 -D-galactopy~
ranoside (ONPG)(7) W& o]&3lo 43t T E 0.01
M MgS0:8 005 M B-mercaptoethanol & Egste 01 M
phosphate buffer (pH 7.0)2& &A% & 1 mLE #HaHo.
Chloroform® 0.1% sodium dodecy! sulfate® #H7}sla A
Z YA A 02 mL ONPG(4 mg/m)(Sigma Chemical Co. St.
Louis. Mo)& 7F3t & 37CelAM 5 £ F¢ ¥gAZ 1 M
Na,COs&  #7bete] wt28  ARAFIL  spectrophotometer
(Perkin-Elmer, Lamda 3B)Z 420 nmoA &4%3 =459
t}. B-Galactosidase®] 1 unite 983 22 4oz Ais
At

A

B -Galactosidase (units/mL) = 1000 X e

Al 420 nmelld FFE, ¢ HSAIZE v Al
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Hda 9 i Table 2. Effect of concentration of sodium alginate on

survival rate of entrapped B. breve at pH 3.

Bifidobacterium ¥+ &3 2 H&

R . Time

388 W5 54& 98t calcium alginate beadsE &3 Conditions
A71e fdo) 23t B breved] Ad AR L LEHE dAF 1 hour 2 hour 3 hour 4 hour 5 hour
o W3 AnE ZAEIGD AZtdz wEd dAFE AFd
A Age] AL 4 E2e SddA BE 10 oo Free cell 443%  758% 129% 0.003% 0.002%
beads7} £815%129 sodium phosphate(0.1M, pH 6.4) & 1% sodium

’ : 225%  987% 090% 0.008% 0.004%
3} sodium citrate[10%(w/v), pH 84] £9& ¥ ¥ B. breve alginate ° ° ’ ’ °
of oig AsES Jehlilz(Table 1), sodium citrate(1% 99% sodium . . .
0, Q,

(w/v), pH 815) &AollA &4A17) bead®] TF7F free cell(E alginate  oA8% 1113%  274%  001%  0007%
BAANA G835 M4 24 FAFE YR 0.85% A . i
AUGFE ASE free celld) BAFE 64X10° CFU/MmLOIR  Tgooae™ 546% 1290% 876%  001%  0.004%
o1 1% sodium citrate &) LHAIZ B, breved 10¥ ¥
¢ geAAS W) FAGFE 64%10° CFU/MLE Yehhe] 7 4°flg5i(r’]git‘ém 80% 3161% 3065% 07%  0.09%

A 23S tAFE Jehlith 10% sodium citrate 2o A
= 108 A% FoE 40x10° CFU/mL, 0.1 M potassium
phosphate 42 60x10° CFU/mL, 28Z 0.1 M sodium
phosphate £94& 55x10° CFU/mL olg oy 208 A#A] 41
X10° CFU/mL& #4ste] Al7to] AR4E B brevedl o
3 AFEe YRR meid B AYoie B gy
3 free cell®d 7HF SHE FAFE JehlE  sodium
citrate[1% (w/v), pH 8.15]4H 22 beadsE £3A7A AFS
g 24330,

5% sodium

oaa” 901%  35.00%

10.00%  0.11% 0.0015%

6% sodium 90.1%

alginate 35.38%

1270%  0.03%  0.02%

8% sodium

alginate 90.1%  48.54%

1435%  0.1%  0.0015%

& 3N FA 240 Yok AL ¢ F Ugleh

Sodium alginate =<7} B. breve?| oMol ojx= HE

Sodium alginate ¥%o We ¢AMA vAE G ZA}
3 A3= Table 29 ) Sodium alginate®l ¥E& 1-8%
2 ZHEs}d beadsE AZF F FF9 ATYHS AN
pH 3.0%1 TPY #iAlA sodium alginate® H%7F %2 1%,
2%} 3%(w/v)AAE Abde] maA AYHY T, alginate FE
7t EoldEE AMdE&mst Zadld &Z716lE sodium
alginate = WE ME&9 2ol YehA ot Azt

T3 347 o] Fol= alginated] FE7F 4% A$HT 5%,
6% 8%(w/v)9] sodium alginate beads®] TR B. breve
o AEgo] 78S & 4 Aed oI 4L uE 27
= WA Aol LA W& pHol 93k BRI FHIF AJZke]
ARErE 7#A2H7) dEUY ot alginateZ bead® Az¥
u FAEE g3de 23 98 gFeoz FAHYC webA
4% sodium alginateZ ¥£3® B. breve?} 713 58 AE &

vehuiglenz 2 dgdM 4%(w/v) sodium alginate

o
o] Agol wel free cell® 2% sodium alginateZ EZAIZ TEE HAzA0R Hdhsto 438 AP
TFE 2A7 o]Fol AEgo] 758%9 11.13%0NoH 4%,
6%} 8%+ 27t 31.61%, 35.38%9} 48.54% oj3ich 2z 3
A7t A3 Foll= free cell?} 2% sodium alginate beads®l B,
breved] AEEo] 120%% 2.74%°1902H, 4%, 6% 8%
beadsol M9l MEEE 3065%, 12.70%9 1435%2 4%F=Y
W Mg BE Z#yF f4EqTh o] Ade U FEEU ¥

Bead® 27(7} B. breve®| otH Mol ofx|= st

Bead®] Z7]9] §loiA 27|17 £42 XY TA U &
sadst & Aoz delA tkB). Free cell? 2%o] 0.29
mm? bead®] EAMFE B brever AlEHE7E Wl 347
o} %] free cell® 0.29 mm 3719 bead?) B. breved] AES

Table 1. Optimum conditions for solubilization of beads.

Time

Solutions for solubilization
0 min. 5 min. 10 min. 15 min. 20 min.
Free cell 70x10° 6.8%10° 6.4x 10° 6.4x10° 65x 10°
Potassium phosphate 0.1M/pH 6.6 7.0%10° 52%10° 6.0x10° 6.2x 10° 6.2x10°
Sodium phosphate 0.1M/pH 6.4 70%10° 5.7%10° 55x% 10° 52%10° 41%10°
Sodium citrate 1%/pH 8.15 70x10° 6.1x10° 6.4x10° 6.4x10° 65x10°
Sodium citrate 10%/pH 8.4 70x10° 35x10° 40x10° 36x10° 35x10°
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o] 0.14%9} 0.1%¢9] wtHe beade] 27°] 3.30 mm, 490 mm
$t 770 mm¢l bead? AELEL 9.78%, 354% 53.37%=
bead® A7|7} E+E H3AEo] A eH 5A3 o|Fd
free cell? 029 mm 2719 o Y&&o| 84X107°%} 4.24%
107%¢! ¥he 330 mm, 490 mmé} 7.70 mme] bead 2794
T EF 03%9 AL Jehidich

olg|g A= HWAHol AL beadsEtl WL beadsol A9
FA Adgo] Z4E7] wEeld o]7AE Dobrevad] AH9)%}
Z& Z7E Holn Utk wakA Figure 191419 Ze] FHo
B 490 mm9 alginate beadsol & EJH FA7F 243
Aol2 =& AEES UehIAAT FAFEA ALE A
beadse] 277t EFF AuAEe 71EAd AgsA ¥
A% BEL JoAM Lad HolE UEhe A el
A 2A0o 330 mme sodium alginate beadsS A
ZzHeoz Mg

r{r o
_1>‘ e &L 2

B. breve ¥ bead® =%

FAMAE o2 FAY beadd] EHL Figure 290 2t}
B. breve’}t sodium alginate beadtjol] BZEH o 2ot} bead
7b A 289 F2Z Rolm itk Alginate®2 E£HE TF

CFU/ml as % of initial count

Time (hors)
Figure 1. The effect of size of sodium alginate bead on
entrapped B. breve. ; (O) free cell, (@) 0.29 mm bead, ([}
3.30 mm bead, (Il 490 mm bead, (A) 7.70 mm bead.

Figure 2. Scanning election microscopy of entrapped B. breve
by sodium alginate.
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4% alginate® B. breves T3 R EA] g BEF
A AdgoR wwsE Ax pH 4904 SAT AF F free
celle) A&Ho] 1.3%21d] Blate sodium alginate® ERAAIZ) o
Fv AEYo| 94%=2 RIF} ASE ¢+ A%t ey
sodium alginate?e 2 ¥ FFEROE alginateOII 6%
glycerol, 6% mannitole]Yt 6% sorbitol€ H7HA17] 3 beadE A
Z8le] AEHG 2AS A dginateW 2 Z bead® AMZF A S
BY 53art 22~824 F7HES & 4 itk Alginateo]
6% glycerol& A7Fste]l TR B breved] AFHLE pH 49
A 5 AzF 3 74%, 6% mannitol& 77.3%, 6% sorbitol S 713
Ao 208%E AId HEadns YehlJchFigure 3).
olg% B3 §3= pHEY ol bile salt®} hydrogen peroxide
d WM E glycerol, mannitol ¥ sorbitolE 715t beadZ
Az AE IE FF9 A& Frkeldth I FolA
T A gk BEEE 6% mannitole B7HEEE W A $
9 1, bile saltdl WE BRI EAE 6% glycerolS 537}3}04
|Z% bead’}, hydrogen peroxideo] W% HEEH}= 6
sorbitol- & #H7}8t9 & Wl 713 =Sk Figure 4, 5). Sench1(10)9}
Park(11)9] Addl 93t Bifidobacterium2 3714 8764 of
*E #AY hydrogen peroxideS A7H8H wixol A wlgaH &
u FAo] Hx| @3 APE& Tl wE And dlgted TZPAZ
TFE AHE4 7 =2A Jelhddth

_>¢-{>

N
rlr

Entrapment celle] HZ&M =A}

ZANTIA FE free celle YHAL 153 oo HEZo]
0.19%2 A Apdsle vt alginate® EIAD = 16%,
alginate®} 6% glycerol2 EARAZ TF+ 31.1%, alginates}
6% mannitol2 EFAI TFE 28%, alginate®} sorbitol2
EAAZ) FFE AES) 100%Z beaddZ 2F9 HEHS
a2 fR39HFigure 6). IR &2 FFEUE

1004
g
5]
=80
S
E
5 60
X
= 40
=
SEV\E
O-
0 1 2 3 4 5

Time (hors)

Figure 3. The viability of entrapped B. breve at pH 4 ;
(@) free cell, (O) alginate, (¥) alginate + glycerol, (V)
alginate + mannitol, () alginate + sorbitol.
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100 4
g 80
(=]
=
E 60
5
2
[7%2] 40‘
«
E
S~
2 2
[&]
0.
0 1 2 3 4 5
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Figure 4. The viability of entrapped B. breve at 0.6% bile
salt ; (@) free cell, (O) alginate, (¥) alginate + glycerol,
(V) alginate + mannitol, () alginate + sorbitol.

160

CFU/ml as % of initial count

201

[~}
—_ L
[SCRE B

3 4 5
Time (hors)
Figure 5. The viability of entrapped B. breve at 100ppm
hydrogen peroxide ; (@) free cell, (O) alginate, (V) alginate
+ glycerol, (V) alginate + mannitol, (Il alginate + sorbitol.

10%

CFU/ml as % of initial count

1074

10 - . . .
0 1 2 3 4

Time (hors)
Figure 6. The viability of entrapped. B. breve during cold
storage ; (@) free cell, (O) alginate, (V) alginate + glycerol,
(V) alginate + mannitol, (ll) alginate + sorbitol.

CFU/m! as % of initial count

Time (hors)

Figure 7. The viability of entrapped B. breve during -20°C
storage ; (@) free cell, () alginate, (¥) alginate + glycerol,
(V) alginate + mannitol, (Il alginate + sorbitol.

alginateZ T AAZ gF9 AEHo| FFedd £ B3I
A4 glycerol, mannitolelt} sorbitole # 713t A Z3§ bead
o] #F7F AEgol %o sorbitold st Az A
S0 714 BEEIHI} BT 4F AY FAdE 2 FEge
vetdo} sorbitole A he A9 FF HE AEE =
okt

WEAR T AEES 2AE AdoMr WaddddAs) 2
o] sorbltoH B3Eas} 7}J -"rTo}‘}iE}(Flgure n1F %
HEFGS ZIAINA &L TFE 68%, alginateZ ¥EHAIZ
T5E 144%, alginate® 6% glycerol2 XA FFE
22%, alginate$} 6% mannitol2 EAAZ #FE  10.8%,
alginate$} sorbitol2 EHAZ TFE AEL] B%olUth o
2x WAs ¥% AAA alginate®t sorbitolZ EFHAIAL o
Aol g BRIyt 7S 4+ Atk

SHAHAZAN B551 ZAl

FEAAZRAN F A2oA AR7)|7hEet H4EHS 2AE 2
= Table 3% #td $AAZAE 4% alginate® TS #
Fo] Q2L free cello] vlsle] MEo] o 20u) %—7}3}9&-‘1
1} glycerol, mannitolel\t sorbitols H7Fstd beadE 2%
Ao BEEH7 d& =Stk ol og# EZE0] alginate
o2 bead® AZE AF A7le AFe] 93 7R v YS9
AL AT E B2 FY22 AEE] YolAe vHE
Bsl m3 FAHAZA glycerol, mannitol® sorbitole] ¥
ER5A 48 dtof $AAZY YE AP AEHe) uE
37t o] MEY AEHESE 2oFus Leslie(12)% Car-
penter(13)9] AEAAZHE old& a#E 28 4 gk

r-?‘-’

Retreaiment?] ¥3$ g3}

A8 sodium alginate beadse 7]|3% AAZY HLS 9
g FES TFE HAEME FAY SAT AXnAs s3dL
2% 5 T 34 2ETRE UE F g Ao A
(14), ¥& pH 84 FolMe 940 € £ gle o 43¢
BagE7] A3 retreatmentd] Y% B FAE 2ALEYE
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Table 3. Viability of free and entrapped B. breve during freeze-drying and storage.

Time
Conditions
After culture After freeze-drying 2 week 4 week 6 week
Free cell 37x10° 55%10° 43x10° 12X 10° 2.3x10
(100%) (0.14%) (0.0011%) (0.00032%) (0.0000629)
o : 3.7x10° 1.0x10° 89x 10 32x10° 40x10*
4% Alginate (100%) 2.79%) (0024%)  (0.0086%) (0.0108%)
8 6 5 o g
1% Algi o ol 37%10 8.0% 10 2.0%10 48%10 4110
¢ Alginate + 6% glycerol ;500 (2.1%) (0064%)  (0.012%) (0.011%)
- 6 3 3 .l
10 ~ o : 37x10° 58% 10 12X 10 20X 10 2.4%10
% Alginate + 6% mannitol ~5500) (15%) ©03%) 000054  (00064%)
49 : o ~ 37x10% 22%10 1.2x10" 85x10° 90x10°
4% Alginate + 6% sorbitol 5501 (5.9%) (00032%)  (0.0022%) (0.0024%)
120 8 2500
1003 ] - 2000
g 8 L1500 £
2w 61 g
s ) -0 &
X 4 51 8
E d ]
5 2 4 =
5 ! -0
0.
3 v T - . v :
. Y y . T 0 5 10 15 20 25 30 35
0 1 2 3 4 5 Time (hors)
Time (hors)

Figure 8. The effect of retreatment on the viability of en-
trapped B. breve at pH 3 ; (@) free cell, (O) entrapped
cell, (D retreatment cell.

B3 3= Figure 8oA uelhd ZAzje} o] pH 3002 24
# TPY AAujAlM, E8%F thA retreatment® B. breved]
RELL 3A 7} o)Fo 5086%01% T retreatmentdtA] ¥ X
%}% B. breved] AE&L 345%°112H, free cellQJ ANES
2 053%°lth A7 o]%o] free celld AFFE 24x10°
CFU/mLol I retreatment®A| 22 TAE B breve«l At
4= 15%X10° CFU/mLolgle™, retreatment® ¥R B
brevedl AF+E 23x10° CFU/MLE free celle] 813 2k 100
wjo] AF5e 2712 Btk pH 3004 4A7AE BEad
7t 953 3tk

BeadWi2l pH t=te} ZEof o8t thAlziMol olxl= HEt
HAENAHFY B breveE alginate beads2 AL LA
W 259 Aty 2 AAEALL free celld A F4
stgdoh 10417 ¥k 3 alginate beadsStelMe) B. breve’t
BAEZ AASE f7)459 Y%7 beads HoE FEHY
A free celld wj¥dz g #F LYY pHe 2F o
270459 pH A3E Jehidd. sjd 30A2ke] A Folle
ApE7)el] e free celld) v 2 EIAE B breved] vl

tjo mlo

Figure 9. The change of pH and B -galactosidase activity
of entrapped B. breve during incubation in TPY media ;
(@) pH of free cell, (O) pH of entrapped cell, (A) A -
galactosidase activity of free cell, (A) B -galactosidase
activity of entrapped cell.

Bo] pHE 22t 438 2 43424 AdSUch °12A free cell
o ¥HE 75 A M:ae AY FAEE ¢ 5 AN

B-galactosidase o] 3 A= wjF Z7]oE free
celle] g4 o] & 3}3‘10"} 18A1Z wl¥ £ free celld) &
& BA4E 48 #aste ¥d Y9 B breved 3¢ 2
o} 74 AEL free celld] vldte] Wokrh(Figure 9.).

o ot
s =

Bifidobacterium< QA #g A=A 7)%50] o Bi-
fidobacteriumel 27+ AgAAY FAELS AAY ARZA
of o ZB7E 2A iz gich 2y AE A o A
A7t AAREE f71202 9% pHY FAT 748 7)E 99
71 2902 AA AFANME Bifidobacterium® A5t &
&3] 748 4 9lom ®§ Bifidobacteriumol FAE] ol &
Al gRE 02 FATH 84 o]8PoEAM AFgo] HaH

olo]l W #AlMel AVEln Uk zHEE & dYdA=
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sodium alginate beadsell 93 Bifidobacterium® *
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