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Abstract: In this paper, 21 strains of Bifidobacteria were isolated and identified from healthy breast milk samples, and the
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strain with the best activity was selected by spleen lymphocyte proliferation assay, drug sensitivity, haemolysis,

bacteriostatic activity, and adhesion capacity evaluation. After identification by 16S rRNA, the lyophilisation technique was

optimised and lyophilised microcapsules were prepared. The results showed that the bacterium was Bifidobacterium

animalis subsp. lactis, named BA-9. B. lactis BA-9 was safe, with a hydrophobicity of 36.24%, a self-agglutination rate of

77.4%, and could significantly reduce NO activity in RAW264.7 cells, with in vitro Anti-inflammatory potential. Sodium

alginate and carrageenan were prepared as a 1:1 composite wall with the addition of a composite lyoprotectant (11.25%

skimmed milk powder, 4.93% xylooligosaccharides and 2.74% glycerol). The activity of B. lactis BA-9 microcapsules with

the addition of lyophilisation protectant after lyophilisation decreased by only 1.3 Ig CFU/g after simulated gastrointestinal

fluid digestion. The survival rate of B. lactis BA-9 microcapsules could reach up to 90.03% for 28 days of storage at 4 °C,

which effectively enhanced the stability of storage. This study provides a research basis for the screening of

Bifidobacterium bifidum with immuno-anti-inflammatory regulatory activities and the development and application of its

lyophilised carrier.
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1.2.1 BEFLFESAIASREE  REFLRE SRR TR —IK
PEICH F &, e El sk LU L JE B, FESF R
3~5 W EEFLIE WA 10 W EEZLT 50 mL JCRR AR ok
TEFFAS N . (IIEIE 0, R4 T—80 °C & H.
1.2.2 Bl Ao sit R0 S R
FEBJFHFE 107, 1074, 107°, 53-5IERAGTF 3 EinsLpt
B RALEL AN L2 e b iR £ JTOK W B K MRS
LUIRRGFRIL, 78 37 °C JRAEFKM FHEFE 72 ho PREGEN
{6, FEAFR/NEAT 25 57 0 B 7%, RILRalifb ik s
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1.2.3 ST (4R DNA $2EGF
ErPE I H AR B ARIE D, SR B R SE E A PCR
B AR, 1 FH 8 0514 27F(5'-AGAGTTTGATCC
TGGCTCAG-3') il 1492R(5'-TACGGCTACCTTG
TTACGACTT-3") 474 #4112 FEpK e il S iz
AR £, B 2X PCR iR Master Mix 12.5 pL, 1F J% [7]
514 (10 pmol/L) %% 1 uL, BLH DNA(ZJ 100 ng)
1 pL, i) TG O R B /K # bR 2225 nL, JIrE /2
W ZH 53 N FE SR S I BT BS 0 o $i B PCR P3G 72
FF: FAEYE, 95 °C, $54% 5 min; TEERY 18 (35 N E
) ABPE 95 °C, 60 s; iR 2k 55 °C, 60 s; AEA 72 °C,
22 2 min/kb, P2 1.5 kb (1 16S rRNA H:[K H
B, BN 120 s; I 3B 72 °C, 10 min, HA4R=4
SEREE B AT 4 °C BTIMRAT . PCR UM A LA
B 1% RN BB A TAZ IR HE UK (10 V/em, 2 h),
B PCR F=4pak A L MGEAE T AN EINE, s 4%
F3EE NCBI £ ZEH1T BLAST LUXT, TN BEFD .
1.2.4 B ARPEEMERERI TS
1.2.4.1 BEMWMHIE BRI 2% 13EF S
AP R R MRS MK IREE, 37 C IREFA T IEFR
20 h Jim, WAE A (8000xg, 15 min), PBS BEAPHIR,
FH & 10% JiB2F MLIE 19 RPMI-1640 1539 15 2w ik
ULUE, 4 °C ¥iiss .
1.2.4.2 PR 4npass s shiscgs it Pe fH
Al KA B2 5y S (18 B 52 2023102702)
7N BRUIGLIBR B 240 i 1) o) A 2 BT I 250 [ ik .
MTT 7290050 bk B MBI P o /) BRUAR C 4 it 5
FE 24 h J5, FHAS R 09 BE AR L 7 VR AN TG 4 i i
WALEE 24 he FH MTT %4 (0.2 mg/mL ) ZEFL/ N FRbk
EL A A, 737 C TEIREFRAE DIFEE 4 ho Bridad
MTT 7= A= (4 FR 8% 7= s fie A2 — FR L IE AR (150 L)
i, Il FHESARAAE 490 nm & OD {8, LIASESIN
HARAY DMEME; #5245 X8, 4 E 6
X . TETCTH 96 fLARhafLANn A 180 nL 4 Ml E W,
i 9 2H 45 FL B A 20 L ¥k BE SN 10°, 107, 108
CFU/mL XU B, 7€ 450 nm {5t OD {H (OD,);
X AT B % BR2H S 180 w14 4 Jitg 335 3% whm A 20
pL b RS R e B 1) PR B MR, #E 450 nm MUl i OD (B
(OD,); BAPEXT HELH AN A 20 puL ¥ JEH 5 pg/mL J] &
FE 1 A(ConA), 1£ 450 nm Jll % OD {H(OD,), 14
N IR TS B fe o

o B et g g = Q2O

oD,

. OD, SHie2H ; OD, Shy BUBAT B X B 2H
OD; g BHMXTIEZH
1.2.5 PRERZ MY
1.2.5.1 ZG8rEilss S REEmeEE" ek, SRAH
A BN HO I . HR 0.1 mL B AR

(1x10°~1x10° CFU/mL) ¥4 #] 15 mL MRS BEfgE%
FRHLFR, FEUK TS AT, B 245 AT R W R T, B
FE 48 h, SR IIEHN R B EAE

1.2.5.2 MRS S RRIERREEN 177k, Bs
AP 1 TR AR RN 2D 510 LU I B A By 72 5k
37 °C B53% 48 h JE WL,

1.2.6 PERIVEEIEMEDIE  #il4& 1x107 CFU/mL 11
RUSZ AT P B A T, 2 BRI R 4500 1 vk SRHB
REFTFLIZ RS- 1 BT Bl A%, 00 BB AT B 1 1
PRV TE

1.2.7 BEERBEMRESIVEHY

1.2.7.1 FWHREMNE S5 EN 1907
o PRSI =X 8 K S, 8000 r/min B0
15 min WAE T A, PBS YRS IR 5 4, £ 600 nm
Mt OD {H(AY) - ¥ | mL —HIZEIAZR] 3 mL 405
B b, IREIR A 2 min, 37 °C WEE 1 h, 4325 /KAHFN
T PSR, I AR ARG (A ), TR BRRRBT K

B (%) = (1 - %) x 100

o, A IR A TS WOGAE Ay A T U
B
1.2.7.2 AHBHEMERITTR SMEGEEEN 1907k,
ARk A AR

H B R (%) = (1 - %‘)x 100

P, A, RS HIFE 0. 4, 8, 12 Fll 18 h Y
W CAE; Ay M 0 h BOWGIE .
1.2.8 UMy Es 3% RAW264.7 40 M i 5% 3% . 18
DMEM ¢ &5 323 (F A 10% G4 Mk . 1% &5 55
F-4ERE ) PR, IHAE 37 °C FIEEA 5% CO, 1)
FEFRAR N BT
1.2.9 RAW264.7 KA NO SaE  H
A RKOR A BRI RAW264.7 4iJif1, LI 2x10° 4iififd/mL
PR ICH 6 FLAT (100 /L), BT CO, 4y
FEFE 24 h, YESNZS A BEBUZH A 1 pg/mL
LPS; SCHZH AL 100wl P RS AT B A2 Uk Tl b B
1 h, RIS 1 ng/mL LPS, ‘B T 3546 vh 4k £ 1%
F%5 FHPEXT BRZH I A 1 ng/mL LPS 5 HEHA 0.1 ng/
mL DEX. fHIE 13 3 2HE FL. 24 h J5WEE 50 uL
38T 96 FLAEGFARR A, Foe FR5) S 1 BH A5 25 R A
NO .
1.2.10 REAEWIME  FiEid 16S rRNA T
AT U AT B 7 5 $ 38 228098 %2 (Gen Bank) HHiff
17 [R5 )7 21 #% 2 (BLAST search) , #1] FH Neighbor-
joining Gt 1% #¢ Bootstrap method 7R FHY .
1.2.11 TR el e
1.2.11.1 #I# T2 XU BA-9 7 37 C IR
HEIEFE 24 h 5, AR UE (50> 5000 r/min, 5 min),



8478 4

RIUEIR , A BTG R FLIROUSTRT B 5 12 B H R T OB e il 25 - 229 -

FH PBS YEFE A ZE 10° CFU/mL., Bl—E B
W, IMAGFE TR, 5 2% BIHEBERRENFT 10% <
PIBE 1:1:1 IRAT AU, 4 30 mine SRHTEST
FRBETHINA 2% M ILES T, 8 30 min, PBS PR
3R, AR EE . CBFE S E—80 C IR 1 h )5, T
BRI R T 24 h, 50 TR

1.2.11.2 SF " REM A GREMEC L L+ 2
1.2.11.1 B IE RIS B . LAV BE RN E e —
BERE, AR PP R AR . BT S LA T REM S B
R, EARBEEIRE . B-PIMIRE  RPLIBE . TR 2RI It
FRAE A — B AR, P —E R BT —
s Z IG5 AR B2 5 BERF TC L R PR R 2R, il 28
RUSAT PR ZE, B 2 MR = 2 S REA B L .
1.2.11.3 HHPARPFINTLL JFRR RS 55
A VEHE AR ZLA (BN BN 5%, 10%. 15%.
20%., 25%) . [IRRAMH (2% 4% . 6%. 8%. 10%) . H
(1% 2%. 3%. 4% . 5% ) I &L, B A AE Hor
— PP AP SN, 53 AR EE S AR a] K (P
BRAEZLIY 15% . (R ANE 6% H il 3%), it Xt
ANTRIZH 1 B 252, A BRI R 75 ) s TN I o
1.2.11.4 ma R EERES AR YA R 2R SR Bt
fith I, #2231 DA N TS, LAOSUES AT B e 2495 B
AN ERARIR, 0 Z ELA Y I A B b

F 1 i AT R KB

Table 1 Response surface test factor level design
SES
LSS AJBIEFL BI% SR AME CHhis
W (%) W (%) T (%)
! 5 2 1
0 10 4 2
1 15 6 3

1.2.11.5 {HUBEHEA 3 R 5 5 2000 BRI 48 R M 5 M AR
FOTTER BSGHIA G AR 2 v e i, 37 °C PR
¥ 30 min, THEPANIIE BEEL

AR (%) = % x 100

N N
A B (%) = 1?2 x 100
0

i Ny b BB ME R%L, CFU/mL; N, R4
Je 4 R B AR BB, CFU/g; N, AR TR b s i)
TS EEEL, CFU/g.
1.2.12  SHRUEHTEE BA-9 UBCRERRFPEITAY
1.2.12.1 R AMNEAIRES SRR A
A 7 i A T R G, AU R . i P X
NaCl il & & H BEEIPAEH HCL H, I FHZE KB
= 1L, BoRIEE W pH o 2.0, S35IH 1 g N
PP FRIFA S IR TR ZETF I 10 mL 1945
LE W, F 37 °C F¥R 2 h, 53 BIHE 0. 30, 60, 90,
120 min BAEES.C>(5000 r/min, 5 min) WEERKKEEE,

LA 10 mL BYTCEH PBS 2P, F 37 °C THE%5 1 h,
A PSP AR R A T TH A A 23 stk
K KH,PO,, FIHEE ARG T3l S 2818k, Bl
PR pH 2 7.5 J5, #kEEE 1 L &5 H. 4rlE
1 g WSIN B ARG IV AR AR R MU #E iIn A 10 mL
PR, T 37 °C [HiRIR#FIEZHETFE 3 h, /K
IRAE 20, 40, 60, 120, 180 min HUAEE, fif A 4R
VAR TR, TR REOR
1.2.12.2 A3l pAssEE SR RIS SERY iy
o PR B EE 53T 2 mL BB, 7 4.
25 C IS TRAT 4 J8. &R &, PRI iET
faeEt.
1.3 B

LA 3 YOPATER A B0 52 45 Rl L, 3] SPSS
23.0 FAFge i HEE, AT R Oy 250 T A2 LY
BT, P<0.05 A 22525, JFHH Origin 2018 4=
A
2 HBRESHh
2.1 HHRHIPBERESFLEELER

PAAS [F) b XR 1Y 41 O3 e RE L b e 45
159 BRANTE . HR5r TS ML S ML LS B anE 1
7R BEMRTER B MRS BEAR;SRIL R [EFE, Huos
B, RIEVRIEYGHT, 2 QYL G+, RIH I
M v R X el Y R,

BT o3 R v - S B 25 (1000% )
Fig.1 Colony and microscopic morphology of some
strains (1000x)

22 EHRHSTEYFEE

LA Bk DNA b, 45 PCR 419 )5 AT 5E
FLUK, LUK A ANIE 2 Pkt &l 2 mERIL 2 BUlE b
PRI L DR AS DA 2] B — 35 T I 2 . ook O SR ) 2%
W, 5 AR BORBEARAT, nTE T 16S rRNA %58
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2000 bp

1000 bp
750 bp
500 bp
250 bp

100 bp

B2 #rmbk PCR P=Hanin i bk <]
Fig.2 PCR products detection electrophoregram
of some strains

B 7 45 5 5 GenBank ZUYE JZE BLAST b X,

TIRIBEPEII T o XTSI AN 2. A 41 k¢
s ISP ES A AR AR B 25 BRo HIROSUEAT B 21
B BRHEZUATFE 3 Bk, BT ISFLAFRE 1 BR(IER 2) .

T2 KRGS K 168 rRNA FE Al X Ho 4t
Table 2 Strain number and 16S rRNA sequence homology
comparison results

e . I
RS YEaiR hzdhes (%)
0
SY-2-1 Bifidobacterium bifidum strain 2559 ~ MT611590.1 99.43
SY-4-3 Bifidobacterium {ongum subsp. suillm MT613467.1 99.72
strain 3056
Bifidobacterium animalis subsp. lactis
SY-5-9 strain CPS119 MN341167.1 100
SY-6-8  Bifidobacterium longum strain NPL922 MK908344.1 100
Lacticaseibacillus rhamnosus strain
SY-6-G2 CPS82 MN341130.1 100
Lacticaseibacillus rhamnosus strain
SY-6-G7 CPS9% MN341144.1 100

SY-17-Z4 Lacticaseibacillus rhamnosus strain 6577 MT463821.1 94.93

Bifidobacterium animalis subsp. lactis

PJ-1-17 strain HTBS-007 KM096589.1 98.09
Bifidobacterium animalis subsp. lactis
PJ-1-J8 strain CPS127 MN341175.1 100
Bifidobacterium animalis subsp. lactis
LY-1-2 strain CPS121 MN341169.1 100
LY-1-78 Bifidobacterium a'nimalis subsp. lactis MT585582.1 100
strain 913

LY-1-12 Lactobacillus paracasei strain NMCC-91 MNO088853.1 100
Bifidobacterium animalis subsp. lactis

DD-1-M6 strain 3296 MT613598.1 99.35
CY-2-3 Bifidobacterium dentium strain 4773 ~ MT640279.1 100
Bifidobacterium animalis subsp. lactis
CY-1-8 strain CPS127 MN341175.1 100
Bifidobacterium animalis subsp. lactis
QD-1-C7 strain V1963 OR432267.1 100
GZ-1-5 Bifidobacterium qnimalis subsp. lactis MT613598.1 9935
strain 3296
BJ-1-3 Bifidobacterium qnimalis subsp. lactis MT613564.1 100
strain 3227
Bifidobacterium animalis subsp. lactis
HH-1-15 strain CPS124 MN341172.1 100
HH-1-16 Bifidobacterium animalis subsp. lactis MT613564.1 100

strain 3227
BA-9 Bifidobacterium animalis strain BO1
Bifidobacterium longum subsp. suillum

CP138633.1 100

TL-1-G9 strain 3056 MT613467.1 99.72
Bifidobacterium animalis subsp. lactis
TL-1-3 strain CPS119 MN341167.1 100
TL-1-4-2 Bifidobacterium a;;/t[rgalls strain Probio- CP047190.1 9981

JZ-1-3 Bifidobacterium bifidum strain VSI20  CP118071.1 99.43

2.3 Bk AR B ARBRIETE YR

FEARIAR ST/ BUMLAR T 2 A A 4 SE AR LI 3,

TERUSAT B 5/ BB A L 1:1 F1 10: 1 B9 e @) 4
AN FEEE BT, A7 AR TR 0% 9L Ibk B 241 it 3% 5 $8 %L
¥i>1, BAAIGERE S HoPPERE BA-9. TL-1-4-2 257¢
AUAE EE 100: 1 B, $49%EA4E FH 5 BRI 4H 0 38
22 5F(P>0.05), FepEVETTIEERAL . Ik B AR AR i
SRS NP 25 A PR e BE VR RE 0 R ik, 2238
B 22wl PR G PPl 7 R LT B A0 S8 VR RE
F1, BOUE T HAER T B A S 2 VR T LR PR A H 93
P JE H AP tﬁiﬁﬂiﬁiﬁ%ﬁi%b‘zﬂb‘zﬂ% FL-
228.1 A B4 5R A A5 1 S — X SE R IR S T
AR -5 HL

A 15¢

Bo
o
o
K

g fg ef

TR (%)

&

peoing
=

Vi

hmmmooommm<
roaa o=

oe]
o
} e

WAFHFRRL (%)

I@mmm<

@}

EEEmEESEEEESEEE:)

CY-1-8 F s

HATEIEEL (%)

[&1 3 BUBCAT T X MK L2 200 434 5 i K i) 52 )
Fig.3 Effect of Bifidobacterium on spleen lymphocyte
proliferation index
TE: ARG R 3 1) Bl 22 57 i 3% (P<0.05), [ 5.,
K7 AL B CRY B AL -40 8K L B S 101, 1001,
100:1,

ARYEE 3 PRI R EB-AIEE LB T 25354 B
FAEEFEFE RN, PR - ERR B Ak SY-2-1, SY-6-8,
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PJ-1-17. CY-1-8, HH-1-15, BA-9 fil TL-1-4-2 347
T2 2 AP

24 REMIFHN

2.4.1 BEABRZIHORESG SR 10 Fhar BT A 0 ik
AR TP A FAUEAALS, 45 RN 3 FioR . Bk
XA 2R A BBUB MR A E B W A 7 T R R Y
FEREER, HEFR 3 A, 7 RN R =R
(ZRVIAR) . SRS (RO 8553 H5IUF
ISR (UME) 05 2 M H i 2451, I 240
T REARXT B- PN BB )57 52 G4 (BT S PaAR) | bE
R (EEE . T ESRD MR NS R (408
ZOEARFFRBE MU, X — I F IS HAE 15
AP B BB X, B EATTE R Z bt
[ESE2TT e 2i0) Eil NSO G 5 €I NE S PTG P 8
FhdserE Rl G B T/ 25 4 Ta At F I AR X He e 24
FPCERAME I B2 ), 5 22 T A5 A TR AE S I oY 3B 4
FRARLE

3 OUEAT PR R BB gn g R

Table 3 Bifidobacteria antibiotic sensitivity test results

o P
s B EE POk BEG VNIR A WG i BTE 2T
Wi TR BE K K BA £ MK KR K
SY-2-1 1 R R R S I I S R S
SY-6-8 S R R R I R S S R S
PJ-1-17 1 R 1 R I S S S R S
CY-1-8 S R R R R I S R 1 S
HH-1-15 S R R 1 R S S S 1 S
BA-9 S R S R I S S S S S
TL-1-4-2 S S R S I I S S R S
T R 0 LSRR RIS DRI DV T bR R 125 1o M

S: U,

2.4.2 EARE MU ASLE RS MU 5L anE 4
BN IR PR 25 AR B 22 PR BB FE bR, Hod
PRVE TR FEITC p-i i X R iz AR e 4. K 4
AL, BEZLA 3 B A SUBEAT B AR OIS L3R L0 B,
y W, B &M, SEI5IEAERT 20 RAERPT 1y
MR EEIARMRL, FF S BT ETR,

4 SUBT BRI

Table 4 Hemolytic characteristics of Bifidobacterium

5 Gz e padifIkés
1 SY-2-1 y
2 SY-6-8 y
3 PJ-1-17 y
4 CY-1-8 y
5 HH-1-15 y
6 BA-9 y
7 TL-1-4-2 y

TE: L0 : o ML GRRINAINL) | EIILGERIE L) | y¥E L ORI o

2.5 EHRINERENMELR
BRI RE JJIMELE R LR 5 s, aitb )™

LEAPLRRAF I, REMSIRIZBUR A . LIYERTIZ

AR VAT, RN Be R G, g anak 5

7N, Hort BA-9 G5B RE T B oS, T B AR
T 18~26 mm Z[H]. X< B (A A A BR A HITV T I
[ES NN 777 e SR 3 e A T s i S G A A vt )
Lactip-lantibacillus plantarum HOM3201 (16 mm=< 4>
(0 28 BR PR D 5 P B4 <23 mm, 11 mm<< VD[ K
B P Bl B A% 16 mm) Fll Bifidobacterium animalis
subsp. lactis HOM1119(16 mm =< £ 5 (0,7 25 BR B #111
T B B A2 <23 mm, 16 mm==¢b ] G R 90 o Pl B A5
23 mm), WAL T =P Gk i) LA R WX-1
o A A0, AT 2 BRTE G P A R R (I T R AR
24.93+0.56 mm) .
£ 5 BUBHFF AR R EAEA/N mm)

Table 5 Bifidobacteria inhibition zone diameter size (mm)

TR KGFFE AR R IR
SY-2-1 11.86+0.25% 17.40+0.08° 17.30+0.56°
SY-6-8 9.90+0.43° 25.00+0.03° 15.20+£0.25°
PJ-1-17 10.69+0.53% 14.98+0.73% 16.70+0.43°
CY-1-8 20.16£0.25 23.21+0.35% 24.1240.10°

HH-1-15 13.05+0.12° 14.17+£0.32° 22.75+0.09°

BA-9 18.30:£0.34 25.9240.35° 23.63+0.09°

TL-1-4-2 20.30+0.05° 17.7120.16° 21.42+0.08°

e AN PR R IR 4 (R AE 2 57 10 3 (P<0.05), 3R61F] .

2.6 BEHRFAMIEE DMIELER
2.6.1 BEARER MmN 2 g5
RPN RE LS SRANR 6 iR,

6 BUSHT R B K A
Table 6 Evaluation of surface hydrophobicity of Bifidobacterium

7 12 AT RR 2 T

[ BiKAER (%) BKE
SY-2-1 15.02+0.43° ek
SY-6-8 7.92+1.89° ek
PJ-1-17 8.95+0.86% FEK
CY-1-8 37.21+1.83¢ FRE K

HH-1-15 10.15+1.07¢ FEK b

BA-9 36.24+1.20° KM

TL-1-4-2 21.89+1.31° K

T BRKPEFERRIE A : T1%~100% R5RET K, 36%~70% K Rk o4k, {1%
T35% 55 HAPER,

B XA S|S0 V1WA 6 ] N S 78 = W 2 i | (SO N4
FHSE, PRBR AL 7K PR B, ORY [ 76 Az 38 09 TT e M kK
Ko wnzk 6 s, HAEk CY-1-8 Fil BA-9 BisK Pk
frer, b T HA R R (P<0.05) .

2.6.2 KK A BEERE I MIELE R Tk Bk F BELE

RE M ESS RUE 4 s, BAAw B EESERE T TH
MRIESE A IE Bas GO0 HAA fE 8, B BT reaiE i

SEFERY, N 4 PR, R HH-1-15 F1 BA-9 BE#ERT
MIPOHERL, 76 18 h i) HEEERFIRF] 70% LA o FLER
P SQO0048 7£ 3 h 1Y H BEE IR T = 68.69%17;
16 h b, FEHZLAFEE YZHS1 1 YZHS81Acps1 14 H B
BRI = AT 52.07%. 68.90%., 52 BT IGAH
b, Hikk HH-1-15 1 BA-9 J& T =5 A BEfERE 1, B
B g L B 2R R RE 13
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Fig.4 Self-agglomeration ability of Bifidobacterium

2.7 RAW264.7 ZAEHREH NO SEHINELR
S AT BA-9 XT LPS 55 RAW264.7 4
M43 NO BYSZIN 2 45 S Kl 5 .
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Fig.5 Results of NO activity assay in RAW264.7 cells

NO VE R —FhEZE R RAEA BT, ZEFE e ER 5
REARZS NG W A R SCERE . 7E RAW264.7 41
Ao HR, NO 4y ad 2 7= A= 32 B 41 it 327 1) S8 e L, Hosy
W] R MR AEREEE . WNE 5 s, 5as HHAE
Lb, BEAIZH NO 1977 A I 1N (P<0.05) . SA%EIZH
FHEE, 7 BREGRR NO & SLERAT AR R B0 R RE, Hor
PRR BA-9 HACR fefd, 5 HMEXT IRZH A B, JE i 3
PEZER(P>0.05) . Z5HFREH, 3X 7 MRBIPISUSHFT B2
BB 3/ LPS il RAW264.7 4iAfufEEIrh NO [
FEAE, JHSAE N, Fodr BA-9 VE RSO B H i .

2 EPTIR, Bk BA-9 BG5S 05 P85 1
e, LAt BiE G M DL R BTR BT, PRI RE R
#k BA-9 #7245 .

2.8 RAZ{ABEWLE

itk BA-9 14 16S rRNA JFHIMH BN RGER T
BHNE 6 Frw.

SER PR, Ty B BA-9 Y S XU AT B,
BLAST K5 5% & 31 H: 55 78U T 0k 114 A8 AL 48 2R
100%. Bk BA-9 5 34 B A B FLOV Al V4177
RE—R, 456 W% B & % N Bifidobacterium
animalis subsp. lactis strain,

29 SEEMHITHE
KUBE AT BRI AE A7 P IR S8 25 A2 PR, — HL 38 3 4

#

54| OR758670.1 Bifidobac imalis subsp. lactis strain V2509

BF03

MT585569.1 Bifidol lis subsp. lactis strain 890

MT613598.1 Bifidobacte

bsp. lactis strain 3296

IMT611625.1 Bifidobacterium animalis subsp. lactis strain 2601

OR513053.1 Ente ccus faecalis strain MM1

T002
Kl 6 B. lactis BA-9 S5HHEEMR R KT W
Fig.6 B. lactis BA-9 and the phylogenetic tree of related strains
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i FH, AT DAAE 2504 v RIS AT B A AR P s SR e,
El 7A B, ARHIIE R EE B Tl A iU e 1
HEN 81.92%+1.45%, 5 HAREEMAH LA TR
e, BB R PR 5V BRI AN AT o A TR B .
& 7B WAL GRS RPIR R ey 1:1 B, 3)
PO FT B BA-9 TR 2E AL R v o X T
AP e S e ATR T, LA P Sk [ T 485 5 114 170 el oy 58
b, 550U A A SIS T AT 1 TE LR 45 5 AN FE AT
PR RE B EANE PO, YRR BE RS
A, ZEEEHG O, SRS 14T e ok — g I IRINE .
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Fig.7 Encapsulation rate of B. lactis BA-9 microcapsules
prepared with different wall materials and with different
wall mass ratios



547 % 5 41

RIEIR | 5 B HUIIE M BRI OUB AT IR ) A e S LR TRUBe 3 il & - 233 -

2.10 RTRIPFIRIMLIL

2.10.1  AS[EHMRFFXF R D80 RE (3 B 2R 1 52 i
AS TR F5) S i Xk XS AT BRT AR 1B 2 i e 4%

T 2R RAYFE I SE RANE 8 R,

A 100

25

T TR R (%)

R
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WENRZLIB BRI (%)

oe}

100
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REATHHEE (%)
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IRBAHEAR B (%)
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Fig.8 Effect of skim milk powder on the final viable cell
loading rate of Bifidobacterium freeze-dried microcapsules

TEAIL AR b BSR4 50 m] PADs /b a5 AR T
TER IR TS R I SR FNBET 3R 07, 1iE 8 i,
AR FLAY . ARRAMEFNHIMES IR 10%. 4%
T 2% B}, B B 2R R B e = i, SR8 S .
2.10.2 ARAVEESy 5 WM DARAEZLEY . IR
AW S H I =~ E R S e i
. LISHHSUEAT I BA-9 % TR e i e &%
R (%) R WAE, XTXSUBAT FRTSUR BE 1 525 R TR
P

R F Design-Expert 13 #44, #4780 ¥8 £l &
SERT, GERULER 7. B TR Y=75.54+2.80A+
03.40B+2.55C+1.77AB+3.28 AC+2.48BC—6.76A>—
4.76B°—4.96C*, AR Iy 22431 ANk 8 o, ik

AR Y P<0.001, ST P=0.5349>0.05, A& BUHK &
2, RIS i 22, UL RHIZ AR R AT 355 - b S e 25 Rl 2=
55 e Hh U AT BEAT TR RIS R o AR EAR ALY
HLRE R R*=0.9745, SZNME 245 B 2R R 1 B iy
R R B>A>C, BMERRAREGS > ig ZL A v n
wE>HIMEsnE, K& AL B, C. A, B>, CC FIZZH.
Uil AC., BC T HUBe 22 v SUBE AT B A7 175 258 52 i) ok =
(P<0.05),

%% 7 Box-Benhnken Design i35 %% %
Table 7 Box-Benhnken design test results

SRS A B C TR (%)
1 1 1 0 724
2 0 1 1 72.8
3 1 0 -1 60.8
4 0 0 0 76.8
5 0 0 0 76.5
6 0 0 0 76.4
7 0 0 0 76.8
8 -1 1 0 64.3
9 0 -1 1 62.9
10 0 -1 -1 63.8
11 1 -1 0 60.2
12 -1 0 1 60.3
13 0 0 0 76.2
14 1 0 1 73.5
15 -1 -1 0 59.2
16 0 1 -1 63.8
17 -1 0 -1 60.7
8 [lARA Ty 255007
Table 8 Variance analysis of regression model
FZE  FHm HmE H FIH PEH  EBEH
FEETRY 722.57 9 80.29 19.43  0.0004 ok
A 62.72 1 6272 15.18  0.0059 o
B 92.48 1 9248 2238  0.0021 o
C 52.02 1 5202 1259  0.0094 o
AB 12.60 1 12.60 3.05  0.1243
AC 42.90 1 4290 1038  0.0146 *
BC 24.50 1 24.50 593 0.0451 *
A? 192.27 1 19227  46.53  0.0002 ok
B? 95.30 1 9530  23.06  0.0020 o
c? 103.48 1 103.48  25.04  0.0016 o
B2 28.93 7 4.13
KT 11.26 3 3.75 0.8492  0.5349
a2z 17.67 4 4.42
S 751.5 16

B3 (P<0.05); ** 4l 35 (P<0.01); ***H i 3% (P<0.001) .

2.10.3 WAL EIAE HEAEA & 9 B E A /A
A I 7 T L, S RS LR | (ISR A
H B A U AT B BA-9 VR I0Re  77% B 4R
BRI o T b7 TP S o TR A IR B L, R T3
FEHRRGE, W R A AR GR ., E 9 & H: AUBE
AEZLE) 5 Cc(Hul) . BURERAN) 5 C iy i 5%
FERBE, ULEHIX P R 58 BAE G H A 5
B AR T AR E22, g &g e P B 4H A
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HIA PIE(AC A P<0.05, BC 14 P<0.05), JiHHX
PILHEZRAZ BEAEF W H A 5 B X A% i b T
Bl B ARXT 22, T A S AR AT AN AR B, [RIRZ4H 28 .
Wiy PE>0.05, HILPTHARS A 5 B iU HAEHIT
AN, Y HARE 2= KR, Bh s s
FLBY . AR A S H Y B Ia, RUSAT PR ETE R L
SR Se Tt JE BRI A U A EAS R,
HIE R SEEERHN, 255 B 2 X R 075 R R B AAE
PR AR, DRI I AT 56 3o ] 7 THT 45 2%, Tl BUBEAT TR 14
AR T2 5%

IRZIE T (%)

LT HECE (%)
“2a3ns

4 0 A
g 10 2 y %M%ﬁ it
gy B i
P19 ARIRAHE  JBEARFLAR A H-Ih S B AR HIX B 20 T 4%
SRR B4 0 7 T
Fig.9 Response surface of the effect of interaction between
xylo-xylooligosaccharides, skim milk powder and glycerol
on the final viable bacterial load rate

2.10.4 FAEAMIAAFAOTM S S0AFses  ARPR TR
vty U VAT CINUS Wy - 1 B G PSR s DR Ny 1 B i
) Ay B NE LB R IR 11.25%, % SR AR 43 0 &
4.93%, Him s hnig 2.74%, T £ KIE B 4 N
77.20%. TEZIAEAT T AT UE G, BB AT
R T4 i 24 76 Al FH 52 6 O 4 790 (8 Big 2Ly i 4
11.25% . fIRERAPHGNE: 4.93% . HIHEHIE 2.74%)
BHRTHRS, 2SR AT I8 77.03%+0.42%, %

AT MR T R, S A AR T (1) fre 2

T PR 2R IEAARAT, I AS 3 B AR R 5 ae e

IE R

2.11 shIPUEATFE BA-9 B FAOTE L4
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Fig.10 Viable count and the release rate of freeze-dried
Bifidobacterium microcapsules in artificial intestinal juice after
simulating gastric juice with Bifidobacterium powder

and microcapsules
T ANl ING B 7oA R ZH S [ I (DR 22 5 1 3, P<
0.05,

FH & 10 BTN, ES RS 550 08 AU AT BRI U B 7E
R B WS 1 B TR 1.3 AXEUREL, W6 3
ARG T IR 840 A4 (P<0.05) o
By [1 R R R RS AP D [ 4] o SAE O =19 =1 Si= T i SN LEZE
HAEBAUZI 60 min J5 SUSTFT B FEA 435 BEik, He
B RUFImTEE . JEFRTAER & v s A O
FEEAHIIA W 60 min B, 3545 B 9ZESL RO Sk,
RSN e S
2.12 S EMICRERREM

S RUEAT U BEAE 4 °C 11 25 °C &F R Y
I ge A <8 PRI 52 485 SR an & 11 B B 11 AT,
TR A AL S H v 1 IR 1) XU A TR A7 o5, HL
I TP LA BRI SR 5 . 4 °C IR
5% 28 d i, B IIMSARF)  RUEE AT B R e e v i
MRAZTE A 90.03%, FUF AP RE T XU B pFa a2
o BN FEUSAT B 5 VB TR FLAT IR B R T
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Fig.11 Storage stability of Bifidobacterium animalis microcapsules at different temperatures

HE: AL 4 °C; B. 25 °C; AF/INE FB:F R [7]— B [a) 5o 22 5 8 2 (P<0.05) .
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FF B X B 28 1 48 SiE HIL A %) 9875 A S 88 4E FH . Noh
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CKDBO008 %} RAW264.7 4 i H.AT G2 I8 15 1 F -
LN FH B A TS [, RIS AL A e
FHLLRT NO FE & AU R 1987y o T igesst™
B, B M B w48 i 0% BE AR IR K -5 B. animalis
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155 LA B MUARNE 77, DT REAIG 25 A2 B i B2 455 . Zhou
SR DI SR EAE S IR P, B Streptococcus
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