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1.1 #Rl5iRH

VPR, BRI B T A R BRI R
JEVPIT & A7 BRA ], 2kt a0 (60 H ) JBEAS
T ISRV BR R, £ . DPPH  ABTS, [t
M AE YRR B2 7 5 SOEAR I o R SR B o
(/i ol 5.000 x 10° 1. 160 x 10* 2. 380 x 10*
4.860 x 10* 8. 090 x 10* 1. 480 x 10° .2. 730 x 10° ,
4.098 x10° 6. 678 x 10° Da) , M IHE W4 YRl
A BRA ] HoA Al 5 35 R A Bl
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23] FTIR -650 AUE B AR 2T AP S35, K He s
IR SR By A7 BR N Bl 5 Zeta plus B 3G BE 43
B, 36 1 & o ¥ SO A BR A 7] s AVANCE I
HD 500MHz BIAZ #4583 A 5 7oA A
1.3 SEmAE
1.3.1 SBP #41%

SR E L E P AT Z W, E
PR VD R Ry, FRHR EE 1230 (g/mL) [ m (VD
W) VOIRBUR) =1 g2 30 mL] A ZEIB K,
90 C 8t 2 h,4 000 r/min B 15 min,qﬁﬁifﬁ
WL,EE 2 W, BIF R, Rk S A
Sevage JEFBR 1 9 WK, BEUTHRE 48 h, il g BT

UE , 73 N BRI TG K £ BBk 2 U, VR T IR 15 2 v

TR Z 0%
1.3.2 SBDP #4) %

B8 Zhang " W7 IR M LAMB L, 4 DK
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(REWEHN 0.5 mg-mL™" ) H1,25 C #iFE2 h, £
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R AOGEHXT SBP A1 SBDP #EfT/3 B 4lifk, H 8R4
PRI (T 1 mL/min, B ICEE10 mL) I 2
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Wang %5 J7 i Ab BELAE &, SR B 7 635 35 0 i
SBP I SBDP [ fBH4 AT .
1.3.5 Z¥IEME 4125 pH 160 2

FES TR EE N 1.0 mg- mL ™" A4 24 W 1
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LSO B S 2R AT R AR I, T MR E A 25 C
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1.3.7 S#mEHnE

SR Ma 52 1 3600 I s e, s £ b
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FPFERI R (G") .
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(AL A BT HE , mg
1.3.10 % #Ee94k IR BALTE L &
1.3.10.1 DPPH [ pi3E58 BRIs R 2

ZHR Xu A58 1.0 mL A DPPH 15T
(0.2 mmol/L) 5 1. 0 mL /Y SBP 1l SBDP ¥ i ( i &t
WREH]O0.2 ~2.0 mg-mL™") BE,25 CHOCHT
30 min, T 517 nm AWEWOGEE TR AR (VC)
S BAMEXS IR, ARAE R (3) TR Z AR
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WL BE 5 A SR i 5 TR RIA M VRTR 6 4 1 I Ol
JE 3 A, 0 & AR o 1 V45 R U BT A5 0 1Y
W
1.3.10.2 ABTS* H W20 BRIGEN &

S HRBRAL 2 B ik BU 4. 0 mLL ABTS TAE
WA 10 mL A[R] BT R (0.2 ~2.0 mg-mL™")
2B IR G, DGR 6 min, T 734 nm < Ab
MEIRGRE . LA VC Ry B X R #2258 (4) THERE S
ABTS " H AR,

ABTS " [ HELIHBR A =
(1—A‘A_A2)x100% . (4)
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1.3.10.3  FRH [ i BRI BRIE M e

SRR B 8 1.0 mL BRER W RV TR
(9 mmol/L) 1 1. 0 mL /K%K - LB (9 mmol/L)
SERIRG MARF BT (0.2 ~2.0mg-mL™")
M Z B, A 5 M A 1.0 mL H,0, ¥ W
(9 mmol/L) JABNI W ,37 °C /K 30 min, T 510 nm
PRI E WA, LL VC AR S B X IR AR R
X (5) I A BIERRE,
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Al _Az
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1.4 HEE
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SBP HI SBDP £ DEAE-52 21 4 2 M g 43 4 Uk
WS as a5 R 1, fE 1 R, SBP 4y AR E S
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SBP-0.4, SBDP 4y B 1545 3 A~4143, 4354 SBDP-
0.SBDP-0. 1 ,SBDP-0. 2, SBP-0 #l SBDP-0 /& i i
ZRABK VR TR, b 28, ARl il el 3R
TWRVENG, AR MEZHE . TSI 25 4 F i S DR
W1, % 1 %0, SBP 5 SBDP 7810 /K 1k i 4
g3 11 A e, B A3 A A i A 38.92% Al
49.10% . Jo BS54 e 5 WA 4R 25 18 K VR It 1 2 43
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2.2 [FEfE3T SBP BRI RS

ZHERAEPE A s R L 2, & 2 v,
55 SBP # Lt ,SBDP 73 ittt Hi 3. 016 x 10° Da %
F12.902 x 10* Da, F-#ki 45 H (302. 46 +3.63) nm
FRERN(237.30 £1.76) nm, H,0,-Fe’* FEfift Z2 B 2
T Fenton S WA i #2 A 3, 3 55 5
BEh PR 4 7 9 A S, IR 2 R,
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Elution curves of SBP and SBDP
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Tab.1 Recovery rate of polysaccharides after resin elution Tab.2  Physicochemical properties of SBP and SBDP
¢(NaCl)/ m/mg w/% I/ % LRER Cry SBP SBDP
(mol-L™')  SBP  SBDP  SBP  SBDP  SBP  SBDP M,/Da 3.016 x10°  2.902 x 10*
0 72.00  82.00 38.92 49.10 d/nm 302.46 +3.63* 237.30 +1.76"
0.10 11,00 32.00 5.95 19.16 HHRE/ ( mgemL ") 11.87 £0.26° 14.33 +0.24"
0.20 55.00  44.00 29.73 26.35 74.00 63.20 pH {& 4.05+0.03*  4.17 £0.02"
0.30 42,00 — 22.70 — R 19. 20 17.10
0. 40 5.00 — 2.70 — ke 1.40 1.40
Mt 18500 158.00 @ — — LIEnR(EL 11. 40 23.20
AR Ll % 2SR 4.40 8.80
VA BE G N T 20.72% , 7T BE J& SBDP A 3R LY p— 5 90 5. 80
i 1(C1) Bk 4(C4) Kt 5(CS) &R T4 A - 7.9 20,60
HHBESE I, SBDP &7 B2 Rk R AL A5 SR /K ik IR 49,80 310

WY sEid H,0,-Fe® Bl 2205, 0T A 30 m 2 0
W

BAWELE R A AT 45 SR AN 2, SBDP A BAUBE 4
BCE SBP AHAL, F2 2 A R | BRI BRI A b
NFUME A RS U R R AL A, bl
WHIREPR 2 SBP F2 47, H 88 M & SBDP T2 47,
P FUBHREIR & 45 H,0,-Fe? ™ b F S A%, 5B SBP
H i 2 LR TR X (D B A 2 U RS R SR 1T i
PeFR A R AR FUBE RS R B i LAY
Yo, IR B2 M H B . H,0,-Fe’ " [ f#
A EA F A R AT RS LT AR 20—

ghEFgte
2.3 P&fAYT SBP RIZEH4HERI B2
2.3.1 shkiEop

2 Fh 20 3200 E REH FT-IR UWLIE 2, SBP #l
SBDPA MGG , Ui H,0,-Fe’ " Zb#)5 , SBP
B 3 BE RE A 41 R B AR b L 7E3419.17 em ™!

N [E) PR FOR AT B 22 5 B3 (P <0.05)
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Fig.2 Infrared spectra of SBP and SBDP
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C—H &R s> 1743.33 em ™" Ably € =0 fif
AiPRzhiE) . 7F 1635.34, 1444.42 1388.5 cm ™!
Ab Fir 5 B W 0 3R OR E 7E COO—Y fift 47 Pk
0N SR T 2 RhEMER SRR . X5 b
2H RCAE AN, FE 1200 ~ 1000 em ™' &b H PR T
Wi & BH , 2 Fh 228 A1 2 DA ik i B 2R 0 8 SR
914 906. 38 em ™' Fil 865. 88 cm ' Ab H B AY HFAE
WTIE R , SBP A1 SBDP [A] B 7 76 B I cu-FH MR A5 A4
RYU2-8T R I, R TE IS A AR R, (EL 3 40
TIF UG5, 3 A 557 | ¢ B i b B PT BE & T U SE B R
ik GV Ay AR
2.3.2 AZEERIRIEIE ST
SBP 1 SBDP iy'H F1°C i aniE 3, i 3
A2 FhZ2WELE 8,3.0 ~5.5 F1 8, 60 ~ 110 &b Hi 3
T UL AR Y g7 22 g (g o0 At Hop 6, ok
4.3 ~5.3 F18,1 90 ~ 110 (1) ZWHs(5 5 R 774
o FI B FY DB MR SCHR[ 14 1 FN 44 ] (9 TF
FELE RN R EL G S AT T IH R & -1/ k-1 1Y
S DX (H-1/C-1) JIr % o7 Ao 8 1 5, 20 B o3 A 45 21
nge 31200 K3 45K, SBP F1 SBDP fY 4%
F 7 iR [ A5 2 A, E BA K 2 2 EL A A
5%:5%%5%5%55%:5%:%ﬁﬁfﬁmiﬁij

SBP

SBDP

210 léO 1%0 15‘0 130 1‘10(S 9I0 7I0 SIO 3I0 1I0 7I10
(b) 13C NMR}¥
13 SBP il SBDP HYRZRESLAR' H 1A C 1%
Fig.3 'H and "C NMR spectra of SBP and SBDP

IR =T 550, teAh,8, 0 1. 10 i1 6.4 16. 75 BT
(RIS 5 V5 T R BRI CHL, 2L, 8, 2. 07 1
8¢ 20. 23 R B ALARAS S I 20 A7 A L B
LT 8 TE 170 BFIT i) Ak 27 Ao 8% 3R B, MR BE vh AA e
SRR
3 SBP I SBDP HyMEFF4EL
Tab.3  Glycosidic bond compositions of SBP and SBDP

SR

8,/8¢ SBP SBDP LR

H-1/C-1  5.33/101.30 5.25/101.34 (1-3,4)-a-L-Fucan

5.21/107.64 5.22/107.91  (1-5)-a-L-Araf

5.13/95.97 5.14/95.87  (1—2)-a-L-Rhap

5.06/98.65  5.07/98.30 (1—4)-a-D-GalpA [9, 23, 45]

5.03/103.61 5.04/104.14 (1-3,6)-a-D-Manp
4.37/102.79 4.52/102.61  (1—6)-B-D-Glep

4.27/105.89 4.36/104.41  (1—3)-B-D-Galp

BB AL FT-IR DG AR LRGSR R
HEEH & SBDP Hh BN ZHEA 51, AT HELA (153,6) -
a-D-Manp HE4E, (1—4)-a-D-GalpA Fl(1—52)-a-
L-Rhap Jy R ZM4E, BFFE45 RUERH, H,0,-Fe’* &b
PRI A SBP [ —Z0 2544,

2.4 PEMEXT SBP BYURR AN (RIT 1% A F M

22 5 IRV R PR A D R WL 4, |
B4 (a) AT, Z2 85 F0H 0 0% 0 3R B o 1] ZE K i
K, H SBDP MR % — H = T SBP, >4 W %t fif [i]
;5% 12 h 5, SBP F1 SBDP 14 W% 1% fE J1 ¥4 T 1o Fil,
KW R 9k 40.67% + 0.35% i
42.67% +0.12% , i B SBDP W ¥ 1 BE i 58 T
SBP, Hi B 4(b) WAL, 28 FH i Y AR I8 R 2 Bl
0 S ST N O S O W & R P e |
2 5 F SBP 1 SBDP, {2 5 h J5,SBP il SBDP HJ
PRIBRE I THRE , e KO R 7 5 hy 24.24% +
0.94% M 26.56% = 0.69% , ¥ & T H
(17.36% +0.07% ) , 2B 0 W 0 14 ORI 4 2
22 W 531 T 3R K 3 A 5 K 43 - 1 S e 3= 30
MR, 5 200 T B Rk S AL
B, Z2 W4 W1 DUAR B A2 21 T 18 IR 25 4 3k X £
Bk SR EE Y H,0,-Fe’ " AL B 15 SBDP
HAHEZRE RESFKER, I H SBDP £ B
FEH ARSI AR S5 , T IS R, SBDP 5 B2
PAW K ST S
2.5 PFEfEXT SBP MR T4 RIS T

BA RAFRAEE R Z 85 0] LUHAE & ATl iy
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Fig.4 Hygroscopicity and moisturizing
property of SBP and SBDP

HERRF BRI REFAFLEF S 2R H AR
FEMERIIZE R, WL 5. IS AT, 2 Fh 20
Yy 2 IR M B DD Ak 4 M N AR R 44T R, HLSBDP
VA TR BE DR AT SBP, FEMRBY VIR T, 4
ZH R Bt B 1) T3 0 im0 A R
A B IR AT X RIS R T 2
T G- BELS W BT V) I BER, SRR R R
[, v 0 O 4 22 W5 09 43 (R0 A BVE L 05
AT RZHE, SR HEER S MY | 5
BYYI RN A K Y 2 0 RE 0T B AR T i %82 Fh 2
W0 22 L B AR RE AR, 22 W R IO O 2 i A
LR/ N

SHEREREEE (G7) Ry Pk 1 ) B AR 2 L, P FE A% o
(G") NEHERL AR Z e, 6/ F G728 LS T H
T 2R e A X R S AT
12 FhZHER) G R G YA IE £ A R G T T A
FEARSR X, " KT G, FRm 2 M S OB FE
MIAE R X, 6 KT 67, eI 2057 W 2 0 1 55

BERSCIR FEPES . SBDP 28I A5 (3.98 rad/s) T
SBP AL (5. 12 rad/s) , B F 2 Wk 2 [A] 7% 325 1Y
BRI Ze e I, SBDP T A AT R 7E K ¥ vk
BRI 43 F 18] (=51 ) AR B AR FH e 4 )
g SIS 2k LRI | AR A B 2 LA
BERCVERE AR R T
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Fig.5 Rheological characterization of SBP and SBDP

2.6 PFEMEXT SBP @M RLFE NI

¥ A3 1Y SBP 1 SBDP 4% L (9l Bk A 7 1R 4h
PLEALIEEN E I 5 VO BT EAL T PE AT L
rscas R mE 6, & 6 nl%n, SBP Xt DPPH H
R RE ) B W BRI R, Y 208 BT vk B
0.4 mg-mL "'} SBP Al SBDP %t DPPH [ Hy 3L % K
RE ) C W W 22 R, H B & 2 05 BT 6 ok B 1S
(0.6 ~2.0 mg-mL~") ,SBDP f DPPH & 1 7 %
Al 77 BA f 5 AR ) T v B Y SBP( P <0.05) , 7
JF AR EE 2. 0 mg-mL "', SBDP %t DPPH [ H %t
VSRR AE S 2 T SBP(P <0.05) ,ik3 89. 44% +
0.12% . [RIIF, SBP 1 SBDP {2l e B (1C,, 1)
394 1.06 mg-mL ™" F10.71 mg-mL~", {8 SBDP
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X DPPH [ H 3ETEBRPUR B 4f, H,0,-Fe’* kb B4R
BT Z Wi A RE Jy g SBDP 45 5 DPPH A
LRI AR SRR AE B, T B 55 T % DPPH H #H
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Fig.6  Scavenging activities of SBP and SBDP on radical

Hi1E 6 R0, ABTS * H Hi BT BRAE 1 5 2 B
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Abstract: To evaluate the effect of degradation on the structure and properties of sea buckthorn
polysaccharides (SBP), the H,0, combined with Fe’* method was used to degrade SBP. The effects of

degradation on the molecular weight, monosaccharide composition, particle size, structural characteristics

and antioxidant capacity of sea buckthorn degraded polysaccharides ( SBDP) were investigated. The
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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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