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ZHTHE i i o AR P, U FT B A A A RE
2% Z PP, V5 2 25 AR T E AR pH (E AT
i Ji PN R AR R 1 IR 3R B AR AR UK A B R T
i R RR T AR A - [ (el o NS B N
W HOR SO AE 10° CFU/g DL EMY . B,
U AT P71 2 76 118 A IR B8 LA T K A R AR
ARG MR A

T BEAL AL IR AR T DU 25 25 T e 52 SR IR
S5 RS P T AR S5 )5 ) 2 48 2 0% 1) 40 1
B AR R E R A Ay R A
18 PR B EARIRE A | m] 4 o A iR S e v
TS e LA 45 i 7 — A B 8 M BRI 7 T
DAGE AR AR A R RS ) P IR LA RN 7 e
TR R T S G AR N R A Tz R R AT R 2%
AT AR B AT B R, Holkem 451 3@ 4 Y
TR Bk ) 45 BB FT B BB-12 3 BURL, 3 % H 45
BFRBRCR AT TP, 45 R R, ko XL
AT R BB-12 BAA R EM 76 pH A 7. 5 B 5: A%
TR R, BT RERAE R R R AR
1%, AR VS B AT AT A 35 4 391, AE 42 o 20 41 M i) 45
B B A AR e O 0 B AR T LT
PRIREAAE R BER () 8 AL e 22, 68 3 TR 6 2
—FhE T [ E T A R A, B AR R 1 28
XA S AR [R] 43 Jo o A 30 RIS 6 AR v A R
PIAHZS M G TG BE 0T AR W I A IS AR 1 R A
BETIZ N F 25 A B R 3 A R T SR
A5 P VA 988 TR R T B ) 25 A R B SR T A RLRE , A
FLBR A 24 4%, BT % B MY BE AL B AT 3k 5 ~
200 nm"  FERARAY pH (B (1 inAE 8 il
ZRAETT ), B Vi TR B R RE A Ak b BEL B TR 1)
BN, R E AR 25 A 0 B e R R
5D IR A IR A B A 3 5o i 8 X R 4 A T 1Y
i 52, DT B8 80 25 26 B A 77 16 R 1Y Han 451
R FH V3 1R 605 — LT B 1 43 B 0 Dy BE b A R
FE ZLAF 1A RN I T s 2L R T 4, 45 SR R WA
JiE 4 vh 25 A B AT RN 3% R B T 41, 26%

N AN o A TR M DF R 215 B 7
Ty EERE b, HIR A 25 A A ik 2k 25 i 3R o A
TEWEVECR R 5 U R AR FH R MERRT, 56 T 45 A2 T 1
I 3 E S B 4 B A M DA R A W 3 ) % B AN O
W RIFFE D ARBFFEIXT B. adolescens FS2-3 Fil
B. subtilis SN15-2 #4748 XU 43 P A 3L, A B2
h Bl 1k 25 A BB BRI BB Al A, A — D R

U BRI SR FH VR E IR 0 Dy BERA [RD EE S o A R
A2 F L 27 4k & B0 ( CMC-SH ) 58 25 A= T 76 % 18
NI RERTE . BF9E o 2E TR AE A DL g il ) A8
b K BERCRE P | I L 58 T 1 20 7 i A7 301 () 33 1 %
A8k, WFSE B T8 A i Y S AT TR AN it A
TE WA I8 1 o) 8L, D e LA i 38 9% 8 D) RE 1)
A TR BB 28 53 B A ML 1] 50 (A S B8

1 #R5HE

1.1 MBS

T EETREN SIS | I RS | R h 5% 1P L T
2 A AL AN R R, Biowest /A F]; CMC-SH , CMC .
N-(3- " H & L 3L ) -N'-2 FE b — i 3 B
(EDC-HCl) Pt R ih i sl b ah  nkii-80 7K
LR BE N B SUE IR AR 1, b
T & e fa KGN, AR T N-F 3L T
ERE (NHS) i 25 ( DTT) , AL st R B}
BABRAF
1.2 NE5iEE

TG-16G R & 5O HL, il =R 2#
) ;LGI —10N/A B LA VR TR AL, IR AR %
TR A PR T3S 4800 44 oo 1 W 48,
HZ H 7 @B 2 7 BX43 R s, H AR Ak e
B /A7) 5 Secura 225D-1CN A K- U5 Sartorius 2y
F] 3 MLS -3780 RS FRZE VK4, HAS =3 A H]
1.3 ZWHE
1.3.1 EAFK

HHE NI FFHE (B. adolescens FS2-3) 1 4k . B
~ 80 °C AT VKA Hh H i PR 1) B R R, A BLUsE
FF PR A 57 3 IR 2k, BCE TR S R R B 5% 1Y
CO, 5% I H, .90% 1) N, 1Y IR 15 32 46 v 15 5% 48
ho EHJE PR TR 7 e (0 %8 I, Bl T XSUBL AT
BRI IR I 1 55 48 b, FRIRF RN 1% (R4
Tofr L A8 A BUE - P R A B SR B A A

Hi 25 2 F KT B (B, subtilis SN15-2) 1% 1k %
— 80 C B AR VK AE rh H T DR 1 TR AR A O B —
FT LB BRI R4k 37 C ol i a%,
FERPERPRIURE VR, A LB AR 3R 3t H T 37 C |
150 r/min FEHLEFE 24 h, 55 1],
1.3.2 CMC-SH 5 i 3E 82 4h 563 I 04 ) &
1.3.2.1 CMC-SH [¥i4%

S8 Deng %5 ik, A&, K 0.10 ¢
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CMC #ARAE 20 mL [ EAEZKH, iITA 0.22 ¢ EDC-HCI
M10.13 ¢ NHS, 77 pH A% 4.8, T 25 C THictk
2 h, SRIGINA 0.475 ¢ VM iR sk R ik, H#E 4tk
BT 24 h, BHTE, A 0.295 ¢ DTT, pH {E1# K
8.5, BTN 24 h, EHBERIET70. 1 mol/L NaCl
B E pH EH M 3.5, HT IR AW EN, B 24 h
Ja , F5-H pH {8 3. 5 1Y HCl I TGBET 48 h, % T,
1.3.2.2  EAHEAH &

P AFRE 1 g 19 CMC A1 CMC-SH % f# T 20 mL
ZEIBAK T, FEFREL 0.6 o I 3 IR A0 A I b S R
HCE T 25 CHERH, K 4 h, HU300 mg i
IMAVER T, IS TR 2 ~ 3 ming BRI 43255 5
ABEBZNT em WFREBE T & T 60 CHF T T
P86 h, FRCT 50% M8 25 C 44T T 48 h, &
FH o BRIV SR PR AN v R 25 7 vk m] L

1.3.3 HIREHRESH &
1.3.3.1  NESHERmHl &
KN TRFLALEE S 2 SR | 2 IR 2= gy 2

B A B, B 1 mL B. adolescens FS2-3(1 x
10° CFU/mL) F 1. 5 mL B0 I 4% B IBA R
1% A CMC-SH 1R & . ¥ 20 mL & 53800 2%
MG EETRENAN 0. 1 g CaCO, 5 LR /MRS, K
FKAMNE 2 60 mL, MRS W oA & A Bt vk T
2 g/L it iR-80 AU K Sl 180 mL, i & F 400 r/min
il F1 PR EFLAE 5 min, i1 200 pl. ZER4kEE R
10 min, FLALJE K #2808 K (IR A W42, Rt
JE F AR P TP AR B VRIC TR I, W 2 Al B
OB FEIT BRI 3 IR, R ERFR AR R A, O
FERF55
1.3.3.2  AheERny s

SR T R & A SE iR, Be il 50 mLL Bt &4y
A 3% B9 FE RN, 200 mL i 22 B0 2% B
655 T 121 °C /5 He KB B H K TR 20 ming, B 1 mL
B. subtilis SN15-2(1 x 10* CFU/mL) 5 1. 3. 3.1 75
B0 1 mL R HOKIE A, KR IKIE A WA AR L
1: VFIEEBEIR BN FE AR A, W IR B VT T S A 1 .
T 3 3 S e R A A AR A RGE I A BT
SN 2% WA W T B HEES AL 15 min, B
e eV WSCHEAS 31 25 A TR OB e 4
1.3.4 MIREREFHFGER ZMHRAEE

DI R Ry 5 ZEAR AR 5 AN [R) R 38 %) 2 A4 TR XL
U BRI 255 A JE 4% 1 6 Fh R R 1T

F1ORPNRALR

Tab.1 Variate of single factor

w w V(]J{)

V(E):
(PN (CMC-SH)/ (&)

w w
(N2 (SAALES)

minse o " me e e VP
1 0.5 1: 1 1 1 11
2 1.0 1:2 2 2 1:2
3 13 1:3 3 3 2:1
4 2.0 1:4 4 4 113
> 25 1:5 5 5 3:1
1.3.4.1 NSRS RR AN ot i o B ik

S i B AR CMC-SH 76 B W P i 70 B0l
1% KR FIEE N 103, 712 16 35 R A o i 0 B0k
3% ,EALES TR BN 2% | RIS PRk e
11, e BROR[R] N UE S RN 0 B B 1% 2%
3% 4% 5% il & UK
1.3.4.2 CMC-SH 58k

SR Ak PR LR AR PRGOS VAR TR TR A T e A Bl 2%
TRIMARFR LA 12 3, A1 2 35 B M o 12 43 500k 3%
AALES TR KON 2% , RS NS BOER ek
1:1 %/ CMC-SH 7E B i A 6] Bt 2 7 4 (0. 5%
1.0% .1.5% 2.0% 2.5% ) il $51me e
1.3.4.3  JKAAHAARF LAk

S L PR LR AR DA U TR TR A T i Bl 2%
CMC-SH 7E R T B 73 80N 1% |, HPZE SRR A T
BN 3% , FHALES TR N 2% , BRSSPI
TRERIARFL L A 10 1, 3 BEOAS [6] K HH 5 90 AR AR AR EE
(1:1.1:2 153 104 1:5) 4 1 i e
1.3.4.4 SN2 BN = o B i ik

S L PR LR AR DY OES T TR A T i A Bl 2%
CMC-SH 7E W BT 2 43508 1% , AR B L
1:3, EALES TR 800 2% , BSOS sk iR A
P2 101, F AU [R) A1 J2 16 356 2 0 o 2 0 20 (1%
2% 3% A% 5% ) H B R,
1.3.4.5 SR Eik

S L PR PR AR PN OES T TR A T Bl 2%
CMC-SH 7 W BT 2 43508 1% , AR B L
1:3 SN2 BE R 44 5T 53 B0CR 3% , WIS s i
BRURBUEL ] Ry 10 1, 4% BEOAS [R) S 10 45 5 = o0 4K
(1% 2% 3% 4% 5% ) il 5 W%
1.3.4.6 T APGHEK ALk

S SRR R U O R AN A B 2%
CMC-SH 7E B H T & 53 508 1% , KRR
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1: 3, 512 R B 57 it 73 BN 3% , /AR AS ot 43
Bh 2% , 4% B [8] W5 8 R iR B T
(1:1.,1:2.2:1.1:3 3: 1) il A flUBe 2
1.3.5 fii & @3 T Lk s & kAL

R4 Box-Behnken "0 20 &30 50 A9 1511 R B,
FEEAL IR 2R 92 00 A LA b, SR BODY PR R =K i)
g 107 TG A 1R . DAL R Sh e A, Al Design
Expert AT 5T, SRR KK PR E R 2,

F2 MR T R FR K

Tab.2 Factors and levels of response surface method

(S
w 4 £~‘ e
HKF W (PISERE w(CMC-SH)/  V(K): QW@‘*
" . BRI A ) /
TREM) /% % V() .
1 3 0.5 1:2 4
0 2 1.0 1:3 3
-1 1 1.5 1:4 2

1.3.6 #ik oy degn sz

218 Fritzen % 2 W7 1 IERS A& B, FRERL
il B 25 A= TR OBLBR S B 1 g, I 9 mL i 9 TR
(TS8R 3% WMATIETR —40) h, & T 37 CHE
IRHIR T o (2 (5 50 44 vl 11 2 A T 56 4 B R A T
PRI, Zead B R R R B R 2 1
13 VA 1 UL P [ R85 35 3 |, F IR b 35
F#24h, 75 1 XIRAE T LB B A R L BT
37°C HEF4 hHE 3R 24 h, Bt B B R R
(1) TR R

N
@iﬁ%:N—lxlOO% . (1)
0

(1) HY, Ny A 8 Al e 4 B 52 6 S m 1) 355 T
B, CFU/g; N, Wi s rh A3 i 5 TR 4L, CFU/ g,
1.3.7 IR 0 2 95 LR

R PG HLBE (SEM) WS TR 8% VR T4 J5
PR o FHIRUHE et [ AR IR e 3R 1, R A 2
KR o st e W S B A A5 B 46 2. 5 miin, A TR
BTEI A L oRADEE BAEEAE 10 ~ 100 F5 U5
BlE 5217
1.3.8 #MEEAEBEMA LR Wik PEKEGMN T

D) BN T B, SIXA# S Wk,
FER MBS, BUTTE A 2 /L NaCl ¥, 15 pH
fHZ 2, W3 g HHEMAM, iINA NaCl %W 7850 1R
51,0, 22 pum JEE R IEER A, SO BLAC

D) TR AL, T Afzaal %24 (975
B IR s P, B 6. 8 ¢ K,HPO, , ] 500 mL &%
K, NaOH A7 pH 2 6.8, 73 HL10 g iR
it IS S AR KA L A o 2 AR A, IF oK
FEZASE 1000 mL, JER S IE , 9L ILIC

3) fRBEMR T . K BT BN 3% WIFT G IR
=W T 50 mL ZE AR K, 121 °C K 20 min
#H.

PR 1 g TR HE, TG K 78 70 UE U . PRI 1
JEHEMA O mL BN T B A B 2 h )5, 75
2 9 mL A AN T, T 37 °C,100 t/min 7K
WHEIR TR 1 h, TP — Bt R H 1 R, AR
K (2) AR CR

%%fﬁl%:%xloo% . (2)

K (2) T, A NTE Ak 5 0 R
CFU/g; B M AT B B b B R A 76 B 4, CFU/ g
1.3.9 A 6948 AR R L TR

ETUERD Wk IR e, it
BB TR B 43255 T 2 mL B0 75 4 25 C i
EAM TR 6 ., BRI S, WA AR
EE
1.4 ZUIEAIE

TEBIEE 3 W AR YA £ bR 25 3R
No fHFH SPSS 22. 0 Geit X B 2R 47 25 1 4y
Br,P <0.05 Fr2: 5 HA B EE, FETFH Origin
2020 A2

2 #ZR5itE

2.1 AEBREERXMNEAESIEERNIN
2.1.1 ANEERMARESRTEAROEEY
#

TSR A0 £ A T A R e DR 1, f R 1
AT i 5 VR ) 5T o A AR R B I, B HE AR A
LR TR R, 2 R AN B iR 4 SR B
2% B AR R K, S HANH A WP 22 Rk,
i R TR 0 o 3 B TR ), G 20 1 A/ BE o 3 BIL AR
SREERCSS , AN REA ACEL IR A T Y I 3 R N o
HOECE T 2% W 5 VR B RN A s B 2 AR
K, B AH A5 B i X 2 45 4 1) 25 PR TG TL AR g T 208
MR BCER R 0T R, RO T R R AN A AR T
HECN 2% .
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1 2 3 4 5
w(tN T BE AR EN ) %

AR/ NG SRR A R e 22 57 3 (P <0.05) .
PELL PRy R oo 0 0T i 2 TR L LR 9 5 )
Fig.1 Effect of sodium alginate concentration on

inner core on probiotic embedding rate

2.1.2 CMC-SH R E 44t & A B a3 e %

CMC-SH X £ A& AL 3 R 52 m WL 2, f 1A 2
AIHL, FifiE CMC-SH Jot 2 20 AR 8 0, 08 8 1y 11
RGN, 5 CMC-SH Ji 5t 73800 1% I S 4 £, 35
K, CMC-SH (1) J51 5 53 $ b 2238 R 25 A F T 25
AETRIOELEE . CMC-SH. A 75 i 165 5 i 1 55 Jis L B
RN RCHRE O X 2% A R PR PR L
CMC-SH & B gt B A — & #h v, Bt i o3 850t K&
il ZLAL I B PR BB R TR , AN T, kT |
EA AR, 7E T 0 ECR 1% W3k B 851
B T R AR BUE 2% L BB ZANH T AL B
M 5 A6 AL HE SR R IL, S FH B B 1% 1Y
CMC-SH #1713,
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w(CMC-SH)/%

ARG TR A HO 225 2 (P <0.05)
K2 B CMC-SH Bt 73 Kou g A2 AL R (1 52 0
Fig.2 Effect of concentration of sodium mercaptocarboxym-
ethyl cellulose in bacterial solution on probiotic em-

bedding rate

2.1.3 Kin5hAaikARrb st i A H 6 R e ¥R

KAH JH R A B G X 25 A= A A 38 R Y S ) AL
K3, HIEL3 AT, Bl A 7K AT AR AR R LE R R |
R IR b 2 AR, AR AR N R
PR Z B BE 482 Ty 3k K, S Ml A 358 1 v A AR AR
HEAE B, B AR S i RN e o
Z W TR IE A JE 25 14 v T 508 BE AR | 7F )5 22 1 4ik
FE b AR S B e, R R
B2 DRI, 4 A R R KR S AR AR AR Ly
1:3 % O EEGE T3,

T5r

45

1:1 1:2 1:3 1:4 1:5
VOK): V(i)

AR/ NG SRR A R e 22 57 .3 (P <0.05) .
B3 KRR AR X 4 2F T A R S
Fig.3 Effect of water-oil volume ratio on

probiotic embedding rate

2.1.4 SPEEEBRMARESBATEZAROIZEY
#

A1 2V i T A ST 3 500 T A TR A MR 23R 0 52 )
DL 4, FR B 4 RS E 1 A0 38 30 Bl A1 23 Vi 5 TR
BT A BRI I B 0, >4 A1 2 e 3 R o i 43 R
K 3% B T A AR K 2 A2 T IR A o o
IR SEYE TN | T B R R AR AP E R
B o i A B AR LR B2 55 , AN T OR3P 25 2R TR
ST G R R RS R R AN 2 i AN 5
BB R B G A 5 A AR RE A R
DA AR T FH Ve R AN 1 A PSR A
AN, ik A Bt o e s A AR\, Rk, Ab
VU SR AN B A3 B LA 3% SR AR
2.1.5 AMBRESHAT R AR QLIEEH TR

AT g AL AR DL R 5, f B S ]
1, Bl ARG BT A3 B R X 55 A TR R AL L
OB TE, 4 CaCl, Bt 730 BUN T 2% W), B &
CaCl, JiT 2 43 50 0 FH =, A3 38 316 K, 78 S Ak 55 ot
N 2% B f AR T R R, A A AR
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1 2 3 45
w(HNEHEE RN %o
AR/ NG SRR A R e 22 57 3 (P <0.05) .
K4 HNZEFEERREN BT o Bonk 4 AR T AL AR 0
Fig.4 Effect of sodium alginate concentration in outer

layer on probiotic embedding rate
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Fig.5 Effect of calcium chloride concentration on

probiotic embedding rate

Jo R AT A AR ST e AR ST B D PR AT R
IR Ca* i & T EUAR R N S8 AT PR 2 ol £ 3
RN R JEFTAED X A0 ) 2L AT B s 2 1k 1Y)
W I A R 25 5 . L, 26 29 i o3 20T
AR A
2.1.6 HirfAGHERLGATZEROIERY
#h

PR P90 B % 25 AR TR A B 61 52 i T
Bl 6., & 6 AT, B A S R IR A R 2
S g AE TR 0 AL R (ERR B AR X A, PO
BRIMA LD A BL 55 7 BR 10 28 1 1A% , 25 B AR XL
AT A A TR R, T PR TR A 22 ), 9 R e KT
FEom i, A YHRN B EKRE, K
MY TR TR R A REs R M L 2, & i

AL IR AN TSN BB ROR Y RO A
Tk 9 L 5 (AR R LG 10 1) I BE BF AR 47 1 488
e 2 T PH 0 1) AR T B PR A A M R, S X
B, TR S PO AR B L O 12 Tk 7 95 2 2F T
XU fole S 2 o -

751

70r a

45
3:1 2:1 1:1 1:2 1:3
V() : VER)
TR /NG g F R 1 IR 22 5 .35 (P <0..05)
FL6 BRI EORAR B X 4 A A0 3 45 0
Fig.6  Effect of volume ratio of bacterial solution to inner

core microsphere on probiotic embedding rate

2.2 MM ERALIRIEER
2.2.1 =EBRR R EE LR

K F Box-Behnken design ( BBD ), Afut 3R K
e 1, g 4 SR WL 3,

) Design-expert 10. 0. 7 B AL 5t S 6 B A ot
TAbH 338 kool A5, WX (3) .

Y=72.63-0.99 xA -1.60 x B —0. 87 x
C-0.69xD +0.30 xAB +0. 39 x AC +
0.095 x AD +0. 45 x BC +0.78 x BD +1. 09 x
CD -3.08 xA, —4.25 xB, —5.93 x
C,-6.79%xD,, (3)

K (3) Y R AE, RIELIE AR A Ay P GE TR 8
RGN T 434, B S CMC-SH 78 B 40 88 ©
AT s D Ry S0 2 65 e R B T 04K

4 NIRRT 2250 BT 45 2R . B3R 3 AIA,
PR P (P <0.000 1), 1 2 AT 3, Pt
WAL A Ge it S, H S g 4G BT, AT itk
BRI PEAT T2 0013 B, .C, D, WM 2, i F (AT
T, PRUZ L B 9 52 ) R 2/ CMC-SH 7E T
TR BT 3 A5 PGS T S TR A B R 43 B K T AR R
Lt b2 P R A T e 548
2.2.2 A AR A B E

M) o7 T 37 A P10 45 v 4k 1L DL [T 7 4 v R



Fa1E el WG AR DR 2 i AR R0 AU ) 4 07 1 SRR 133

®3 MR ARE B B AR

Tab.3 Design and results of response surface experimental

PRz, A B C D LI/ %
1 1 0 0 -1 63.75
2 0 -1 -1 0 65.23
3 0 0 0 0 71.53
4 0 -1 0 1 62. 44
5 0 -1 0 -1 63. 86
6 1 -1 0 0 63. 88
7 -1 0 1 0 61.75
8 0 0 0 0 71.73
9 -1 -1 0 0 68.32
10 0 0 0 0 73.81
11 0 0 -1 1 58.23
12 0 1 0 -1 59.03
13 0 0 0 0 72.15
14 -1 0 0 -1 66. 56
15 1 1 0 0 61.42
16 1 0 0 1 60. 78
17 -1 0 0 1 63.21
18 0 0 1 -1 57.93
19 -1 0 -1 0 64. 81
20 0 -1 1 0 64. 55
21 0 1 -1 0 62.9
22 0 1 1 0 60. 41
23 0 1 0 1 60.71
24 0 0 -1 -1 61.49
25 -1 1 0 0 64. 64
26 0 0 1 1 59.02
27 0 0 0 0 73.94
28 1 0 1 0 63. 05
29 1 0 -1 0 64. 54

WEERE v] U BH 2 A~ PR 28 22 BVE 83 i (R0 D) A
B o MR ST AR ity AR EE AT A A 2 A PR ZR %
V(BS540 B, 49 30 25 2 TRDBLIAT
TR B A 45 T 2 S50 It g 3 R 0 I 1 43
M 1.82% , CMC-SH 7E 1/ W H 19 Jit & 73 20k
0.9% ,KIMEFR L 1.0: 2.9, A1 2 1 35 2 4l 5 1
SECR 2.9% o TERARAE T I A HR A HG
ME A 72.93% , LI &40, #5473 4T3
B A 3 - Y (E K 72, 14% |, 568 1 B T
(H AT,

K4 IABAL)T 22 3T AE R

Tab.4 Variance analysis of regression model
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Abstract; In order to solve the loss of activity of probiotics in the process of storage and feeding, as well

as the competition and antagonism that may occur when two or more probiotics are mixed, and to better

exert the step-by-step release and synergistic effect of two or more bacteria, Bifidobacterium adolescentis

FS2-3 as the inner core microsphere and Bacillus subtilis SN15-2 as the shell microsphere were used to
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separate and embe the two probiotics. Sodium alginate was used as wall material and sodium mercapto
carboxymethyl cellulose (CMC-SH) was added to enhance the adhesion of probiotics in intestinal tract.
Probiotics double bacteria multi-core microcapsules were prepared by endogenous emulsification and
extrusion. The microcapsule embedding rate was used as the evaluation index, and the optimal conditions
for the preparation of probiotic double bacteria microcapsules were determined by single factor and
response surface experiments. The results showed that when the concentration of sodium alginate in the
inner core was 1. 82% , the concentration of CMC-SH in the bacterial solution was 0.9% , the volume
ratio of water to oil was 1. 0:2. 9, and the concentration of sodium alginate in the outer layer was 2. 9% ,
the embedding rate of probiotics double bacteria microcapsules could reach 72.93% . The probiotic
double bacteria microcapsules under this process condition had good acid resistance and intestinal
solubility. In the artificial intestinal fluid, the release rate of microcapsules reached 86. 3% at 180 min,
which was basically completely disintegrated, and the ideal effect was achieved. The results of this study
provided a reference for solving the technical problems of activity maintenance and synergism of mixed

probiotic microecologics in China.

Keywords: probiotics; microcapsule; multi-core; separation and embedding; sodium alginate
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results showed that, the molecular weight of SBDP (2. 902 x 10* Da) was significantly lower than that of
SBP (3.016 x10° Da). Ion chromatography analysis proved that both SBDP and SBP were composed of
the same monosaccharides (fucose, rhamnose, arabinose, galactose, glucose, mannose and galacturonic
acid) in different molar ratios. SBDP showed similar structural characteristics to SBP as confirmed by
FTIR and NMR spectroscopy. The solubility of SBDP was increased by 20. 72% , and SBDP had better
hygroscopicity and moisture retention. SBDP had lower apparent viscosity (5.0 mg-mL™") and shear
thinning behavior. SBDP exhibited higher antioxidant activity, with the DPPH radical, ABTS" radical
and hydroxyl radical scavenging rates of 89.44% +0.12% , 96.09% +0.22% and 73.26% +1.16% ,
respectively. The H,0, combined with Fe’* treatment significantly reduced the molecular weight of SBP
and enhanced its functional properties and antioxidant activity. This research aimed to expand the

application of SBP in food applications.

Keywords: sea buckthorn polysaccharides; degradation; structural characterization; rheological

characteristics ; antioxidant activity
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