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(1 AR K= SR 2 e, IR S AR HOR SR Ba B S0, 282 2710182 IR A SR OB hl A R L,

B 250013;3. IR A s aeim WG S di bt 35/ 2500224, 1L R Fr v B FIEE G RN 7, 75 5 266061)

i E. A RAEARESAR TN ARG Sl AE F B A2 B e i LB S R A B
FoHom, LA S8 (TPPPS) VB A —FRIEWALY S 445 % 3] B R A B0y A 3R, 4
TR H M SATE A2 TPPPS 69 AW A A 42 ARG ALEWRER, AR AHB I
AT H A= TPPPS 2 X4t &R & | il it o 3K e A 632 T L3 AT AL | SF 3t 42 4 T 0 &89
WA BAT AR, UK E 20 g £ A LA E SR RAK(SPF) R 48 R MLy K 4 4, fFa
12 R, 4D REXSH Ok 1 mL A8 SLATE AW LA +0.5% TPPPS . ik & &%
BR % ik (PBS), 4AciXIr42d, 1 AAMMAR 3 R D RAMAELE, LB LHRE
MR ME N HREREEL T EFASBRE R KA ZAEL, 2R 7)) #KRE
32 FIA 81.6% , 47124 84.3 um, EAEBLE & P AL 120 min WA IAFEHEER A 62.36%,
37T CEM T A4 120 d H7F F£iK 45.9%, 2) 5 PBS A48 MM SLAHH HHILAF B +0.5%
TPPPS i fz E ¥ e AR AR E RS N RAAR T RS IHPILRAKE, BRAMAFRRE, K
ENMBEEREGET MR EARRKL, SR, MW SAFAHF TPPPS & A o & AR

BERTEMOHEDIIE, — RGO MR ERBE—FT RS LS AR,
KR, MM A AL 8, Mk, I HARE

FES2ES.S816.7 X EfFRINAD : A
FEY) FUAT B8 2 sh 9 I 3 b 0 1E 8 B RE, B
AR B #E MR 1, B AR AL R AP W
JRE I BEAE 0 ] g A LT R SO TR A B
VETT Sh¥ T AL T8 S A W X &R, 2 B 3R ) R
T AL, 3 s ALK S g J1 100 SR, 25 2k T T
Bl SRS A S AL 5 2 32 T AL K pH H R .
JIE - 7R T A T S N R RV S xfE DL A R
P14 335 T B 1 3 i 2 e A M T R AR T
TR e A 2 ) R 4R 5% A B 4 b R T AR
AR Bl AR S5 A0 W o AT R R AR B B R AT
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B 38 3 1 A2 IR X e AT A AL, DA B
il £ A W) FUAT B —TPPPS it 28 11 fe A3 1 20 5 Ak
IR WU 4 22 11 i ) MR DG A 5 9 AR ( SPE) /s
B, 368 a0 S A 7 1 B X TR B AT RO A 5
VAR Sy o 2 4 A TR B 1) O e d AR A Bl

1 #MRlEFZE
1.1 E=# R FIFLEE
1.1.1 &FFp

I H AR FLAT R 21794, A E T
M R AR R A B L
1.1.2  FZH]

Alg, ] H Xiya Reagent /A A, 2 J& 98% ; 7t 2
¥%, 4 [ Solarbio 2 F] , A RS> % 2 98% ; B & 1
fifg, g [ Sigma 23w, 3% M 250 U/mg; 5 & (A B,
5 H BioBasic A H], i 1 250 U/mg,
1.1.3  EEALH

S WL b s S A PR A F] J-2 A
LHAVHG RS, DU S B I 3% 48 A PR )
pH it , b B RE A ) 5 B A IE IR 35 35 4 , DNP—
9082, I MM 7% 5L 3 i 5 A PR\l 5 2% B R
551, H AR A F,
1.2 MR EHEREFIGIE
1.2.1 A ZLAT T TR o R 1) T

P4 15 A7 Y TR 3 B ) MRS AR B 3R

37 CHEFE 24 h, FEREFRAF BRI ES L (4 000 r/min,
15 min,4 C) , 3 LIEW , JCH A BRER K VR B Lo e
2 KSR JE A R K F B B TR DA (A ) FLAF I
k3 10" CFU/mL 4 CHRAE,
1.2.2 RS & T 20

% TPPPS il A 2 il 25 47 0 B B Wl PR A 3
5], ff TPPPS 1Y% &0 1 mg/mL, AR5 &k &
JERBER Alg(2.0% ) FFLALF] (FH1ih & 1.0% 1)
Ak 80) DA K —E = YR RS (Il T/ b aE K )
JA B o B #4774 (3 000 1/min, 60 min) ,
TR ALK LI, T LA 58 4 5 A £ VK
PR B AR B L 1) pH, 4K 22 )W 30 min, LA 1.0% (1)
35 80 A W &1 4k 30 min, F &, B0 5 A FE R
KIEGE 3] Alg BERCER ., SR 515 210 Alg %
EERARI A B 0.4.% B 50 M A Wb E AT 38 16 181k
1 h Je R AT B0 VU, BT 4 CUKFR IR AT
1.2.3  fof e 3 i 45 e ) i 2k

VEREAK A S AR R (A) VIRIRES 5 Alg
JifE b (B) (B IRES 5 vK S PR Y I i 2 L (C) 5%
BWERE (D) fE MmN ZE, R 4 HE 3 KF
L,(3") IEZI B i i, W 5% 4 > PR R X i 48 4
PR, T2 2 R 48 KN R 38 R 55 R 56 45
B 126t ) 5 4E ) FL AT T — TPPPS i 4% 1Y 5 1
Ak, HWFLFT H —TPPPS WU #E W J7 L, (3*) iF
ARG LR 1,

®1 EXHBERAER

Table 1 Factor levels of orthogonal test

K| & Factors

K A B C D
Levels KR 5 A L RS 1 Alg ARG RIS 5 KA FR 0k B HI
Volume ratio of Mass ratio of Gram-molecule ratio of Chitosan concentration/
water and oil (A) CaCoO, :and Alg (B) CaCO, and CH,COOH (C) (g/L) (D)
1:2 1:3 1:2 3
1:3 1:4 1:3 4
1:4 1:5 1:4 5
124 BB BORE J LR R Dav="3 (nd)/Sn.

T B T A BE R P BERE 30 min, R
i 2 S8 A e T HEL
AR (%) = (WUB 2 I T B/
JEORH B &R ) x 100,
D 8 AU WS AR 2, P A R S Rl
BEAPRLAR T 500 A DL E RS LT A K5
i SRS TEEE

XA Dav V- BIRiAE  d MO BERAS 0 A
(DU e
1.2.5 TR 3E X AR S MEAEL WA T 27 1056

B 25 BRI AL 1 mL BT 9 mL #4801 H
W 37 T 180 r/min S0 T4 IR GAL R O
30,60 .90 120 min J5 B, #8863 ¥k B 76 R vk )
T R, I DA A A 1 B O X R A
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1.2.6 OB b A7 R ARG SEIRIE

P B G Y TR FE A S BT 37 CHEIRAR
FBHCE 120 d, 45 30 d BU1 mL {8 5 00 I T 8k
DI AL 35 B Sl 0 A
1.3 ik
1.3.1 It

SPF /MR 48 HIRE K2y 20 g (MM, I H 2
AW H A RA R B 4 A, A 12
H %l 23~28 T &M FmFE, AR5 I 66 a4
T3 dENABE, 4 AR R A ) IR R
1 mLIGR Y AL FF B (LP 4) R A I E+0.5%
TPPPS (LP+TPPPS 41) . {3 it # [ Micro ( LP+TP-
PPS) | 4H | W IR £k 2% v W (PBS 4) . 1 % i
42 d,7F 71421 28 35 .42 d SRR AH CFE bR,
FAEFEAET 12 h A5 F R
1.3.2 /NERAREE AR Ak S 18 TR 1) R AR 15

R BEALE 3 H/NR, FRE e sk, #AkE, T
3ok U101 Jp AL U O, WF S O i LU B, il s A 3]
MRS 15 57 56 F1 22 B L85 R JE b 55 9% 00336 TR A
1.3.3  /NHAL =58

B 3 H/NERGEAS S TG i BN g 4 4R
i, WA 0 8B R B B s TR DA K B s /R

1.4 HiE4EBES5SH

A ¥ H SPSS 17.0 #1347 Duncan [Gik
Z W RSB B8 R B AR ME 22, P<0.05 2K
LS,

2 H#R55W
2.1 WEKERERANIGE

T Ao ) A s 0 R RO AR RN, X I
BT R AR T BT, DAAL S R IR 58 FE b,
2% (R) R T N R XF 8 bR i ma ik, AR
P 2 45 R HIWr A B .C D 4 Fh X & % 4 4
TSR 5 M /M sk sk, R K AH 5 3 AR AR A B >
RIRES 5 Alg Jit it b >Rk R 55 55 VK I TR ) I 1)+
W>5e RWE EE . Bl 73 b & 3, A,B,C,D, Hix
A (R A & BV R A PR E 21, ik
XL A otk s, A5 R kB, ALB,C,D, G
WSRO 81.6% , Kife ly 84.3 um, ZESTEM L T H
fb2l &, PRk, 45 9 FLAT B A TPPPS i 48 1) A
A= T2 R KA S S AR B L Ry 103, B iR 45
5 Alg B bk 14 BRER S 55 VK I IR 19 4 Jo 1Y)
LR 14, SE B 4 g/L,

R2 HERBEERARENL () EXRBER

Table 2 L,(3") orthogonal test results of microcapsule recipe screening

%

I &K Factors

58 45 S Experiment results

Numbers (OEIES SRR
A B C D Embedding rate/% particle size/wm
A, B, C, D, 56.5 119.4

2 A, B, C, D, 62.4 107.5

3 A, B, C, D, 59.2 94.7

4 A, B, c, D, 70.8 102.3

5 A, B, c, D, 76.5 92.5

6 A, B, C, D, 66.7 81.4

7 A, B, C, D, 72.3 88.5

8 A, B, c, D, 68.5 63.6

9 A, B, c, D, 65.6 75.5

K, 178.1 199.6 191.7 200.5

K, 216.0 209.4 198.8 201.4

K, 206.4 186.5 210.0 198.5

k, 59.4 66.5 63.9 66.8

k, 72.0 69.8 66.3 67.1

k, 65.5 62.2 70.0 66.2

R 37.9 22.9 18.3 2.9

{414 Best combination A,B,C,D, 81.6 84.3

K, AR A ACE i XRS5 R Z A5k, O K B9F3ME R 94 IR 22, Bk k, SR/ k, 222,

K, is the sum of results corresponding to the level i of any factor; k, is the mean of K;; R is the range of each factor, which

was the difference between maximums and minimums of k,.
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TG B TS, A TR D), A FLAF i A1 TPPPS Y Alg BEIR BRSOt
g 2 MMERTE KR M5 (B 1), mfEs ERK(E 1-B1-E) , &0t Alg Floe R 0U2E
TLas R Alg BEICEE E2E B R (B 1-A 1-  JEEUEERRS I ERAR R/ NE A (K 1-C 1-F) .

AT Alg BECER (FRARE A Y4 ,40%) calcium alginate gel beads embedding nothing ( HE staining, 40x) ;B . {3
TP FLFT B A TPPPS 1) Alg BE I ER (I8 KRG L YL {4, 40%) calcium alginate gel beads embedding Lactobacillus plantarum
and TPPPS (HE staining, 40x) ;C . U W ZLAF A F TPPPS (1) Alg FI5E MM 4 ( TR ANG L0 YL 4 40%) calcium algi-
nate and chitosan microcapsules embedding Lactobacillus plantarum and TPPPS ( HE staining, 40%) ;D %S4 Alg BB ER (J0
AR Ge At ,200%) calcium alginate gel beads embedding nothing ( HE staining, 200% ) ; E . fL 3 1 #) ZLFT 6 #1 TPPPS fY Alg
BERCIR (5 AKE 41 Y 5, 200 X ) calcium alginate gel beads embedding Lactobacillus plantarum and TPPPS ( HE staining,
200 ) ; F AL AH Y ZL AT B Al TPPPS (1) Alg Fll5e AU 38 ( IR ARG PHLL YL {6, 200% ) calcium alginate and chitosan microcap-
sules embedding Lactobacillus plantarum and TPPPS (HE staining, 200%)

1 AEFRHMETRRENESNE

Fig.1 Morphologic observation of microcapsules under optical microscope

22 WMREAEYITFE RS RO ZHE
i

3 A I AP A R A 4 FLAT TR ZE B AL 1S R
H ) A TR 3R T Ak B e 3 o A 4L YR 1 Tt 7 e
H e 3 Al A I VAL PR 30 min X AR 4 PR &
TS BE A (4 AEL 0 AT T A7 0% i 0 2 I T e 3

21 (P<0.05) . TERIHLE W AL 3 60 min 1K 5
AT 3G RN 70.83% , 4b B 120 min 7 1§ R N
62.36% , T X} HRZH ri oK 28 T e 2 Ak i 4 ) AT TR
TEREAL S W AL B 60 min FFAET, DL b 45 R
HF AR 0 LT PR 28 e 0 ML I b 5 4 v X A 0
I 2P

®3 WREAFOED I EXELE KA T Z T

Table 3 Tolerance of L. plantarum in simulated gastric juice after microencapsulation CFU/mL
25 5] 1% 7 4= Number of viable bacteria
Groups 0 min 30 min 60 min 90 min 120 min
T % Microcapsules 1.44%10" 1.27x10' 1.02x10' 9.67x10™ 8.98x10™
Xf & Control 1.32x10" 1.23x10™ 0° 0° 0°

[RIFNE e B AR A Rl NG FHER R 2 57 B3 (P<0.05) , T &I,

Values in the same column with different small letter superscripts mean significant differences ( P<0.05). The same as

below.
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2.3 WREMHEREER

M2 4 Al AL 7E 37 C &M T A7 120 d UK
F T AEY) AT B A AE TG N 45.9% , 1 % B4
K Z YR HE AL I A ) FLAT TR I AE 05 R R 31.2%

TR AR 2 4R 225 B 3% (P<0.05) , 45 R FRH
T AL S Y FUAT W A A e AR B T B

T,

T4 WMREARHEWIANEN 37 CHREFGHTZ S

Table 4 Tolerance of L. plantarum under 37 C storage conditions after microencapsulation CFU/g
25 5| 1% PR $ i Number of viable bacteria
Groups 0d 30d 60 d 90 d 120 d
U4 Microcapsules 1.43x10" 1.30x10"" 9.16x10’ 8.47x10™ 6.56x10™
X} Control 1.39x10" 1.07x10'" 8.24x10° 6.31x10” 4.34x10”

24 WREMNNREERGEARHYSHTNE
i 3¢ 5 A] %01, Micro ( LP+TPPPS ) £ il LP+TP-
PPS 4 Wy & & & % & T LP 41 f1 PBS 41 (P<
0.05) , 2 Micro( LP+TPPPS ) 41 /s B {4 & 5% 5,
LP 41F1 PBS 222 5% AN B 3% (P>0.05), 5 PBS
AL, Hoflh 3 4 ¥ 5t B — 5 R A 3L R R AR
TG0 A K M AT B B IR e, L Micro

(LP+TPPPS) #1 f1 LP+TPPPS 4 5 PBS 4 % 7
3 (P<0.05) 1 LP 411 PBS iy 22 % A 8 3
(P>0.05) , A5 FRW], AW 2L AT B8 b 4 4 AT LA
U i T PR A A W T TR R T el N LAY
A FEPERE  UhIRd ] TPPPS Jo R B 47 ¥ — & 1
JE B Ak S5 WOR B i

x5 WREXNDNREERFESELEN M

Table 5 Effects of microcapsules on body weight and intestinal bacteria number of mice

21 5] (INEES FLER A KIGFF A

Groups Body weight/g Lactic acid bacteria/[1g(CFU/g) ]  Escherichia coli/[ 1g(CFU/g) ]
LP 46.38+2.62¢ 6.71+0.28" 5.02+0.37"
LP+TPPPS 50.43+3.57" 6.97+0.43" 4.84+0.31°

Micro( LP+TPPPS) 54.56+6.31° 7.61+0.37° 4.47+0.26

PBS 45.52+5.24¢ 6.52+0.43° 5.16+0.44°

2.5 WREXMR/NMNIEENHESEHWHI I
i 6 A] 1, Micro (LP+TPPPS) 41 . LP+TP-
PPS 1l LP A 4% & = FE 1 3 = T PBS 4 (P<
0.05) , Micro( LP+TPPPS) 4 . LP+TPPPS 4 il LP
AR W& K T PBS 41 (P<0.05) , Micro

(LP+TPPPS) 4 1 LP+TPPPS 4 1) 2% % A i &
(P>0.05) , Micro( LP+TPPPS ) 41 f1 LP+TPPPS 41
(286 5 5 0 B s R B 1Y) L B 35 = T PBS 41
(P<0.05) ,LP ZH0% = T PBS 4  (HEZEF AR E
(P>0.05) .

Fo6 WREINR/NBAEHHSERE M

Table 6 Effects of microcapsules on morphological structure of ileal villi of mice

21 51 BB s TR YE S/ R TR
Groups Villus height/jum Crypt depth/pum Vv/C

LP 164.38+13.62° 48.75+1.83" 3.37+0.17"
LP+TPPPS 192.43£22.67° 54.34+2.75" 3.54+0.31°
Micro( LP+TPPPS) 220.56+30.31° 55.41+2.13" 3.98+0.26"
PBS 136.52+16.24° 44.28+1.21°¢ 3.07+0.14¢
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i A TR RE 8 52 ) 3h A PN B A 2 OF A 2
Jo i PN AT 2 TR (D OSLISE R TR L LR AT B AE ) I A K
BEE, 7 A BRI AL, £ R T AR S o, A R
EIRY TR AR . SR I R b TR R T AR
AR S 2 B 2R 52 e H il R AR
WVE SRR & A NS S 2 s i Y B
AN R RS PR R S 2 1 S E e o |
A RILE 107 CFU/g J5 il LARARfEThAE ™,
b, Ry 2 A B A 500 B BB I AR R ) 3 B
Xt AR UE 35 A SO e o B R R [
OB R 40 i, DL BB AR A5 0 % 3 B IR 40 e | o
R ARG Y K] iR A, B R A TR
AU 5 ) — Y

oM — 25 o 45 R ) 3 AR [ A B R b
T2 i 30 A R A A TR R TR B,
FIRAETE T shi KW W) 5 & A LR,
SRR E MR SRR R — ., 2R 20
A S 37 0 0 5 300 . 453 B SR PO R L B
AL PR SR AR, O R O E
ToH JOHR B AR R, A 2 I AR Ok X TPPPS
TR T — R BF5E, kI TPPPS fgfs i F 48
WG i A 7 M AR 0 e A /N BRI S s T g
P v R 2 20 TR T W R RBOR X B WS
M35 ( ALV-B) BA BEMHIEN . B2, 250
Y BRAL 2 52 H 7 B AksE R A R A
SEENZEN A S 22 E R RR " 1
SR R R AR v SR A S B AR 3 A O o
YEEBIH R 2, AN R T HAE A 7= v i v B
J7o DRI, S TR A A A AE I Sk DL BBk G TP-
PPS 1194 424300 M 52 31 B IR 3R, A IR K A 1 7L
FFTEFT TPPPS 2 [7] £33 9 1l i e 3% , DA fO R 2 0
RN PR bR, 0 38 d AR ) A S 1. FERRAESRET
il & 1 T e 2 f 38 R 3K 81.6%, T B KRN
84.3 pm, BRIZ U, K/ A) ) HH 2 550 5% 1) ik i
Ae B TR FLAT R A G T R B, R,
AR S Tl % 1) ol 208 O A 0 LA TR B A0 T X A0 R
FE MR ES X A0 o BAT SRR VR, vl st
] GRAT, fif i T R 0 LT B A Ry A 8 im0 R A
ARG RE Ay I

S B REIE S — A P KT & 2% i i AR 7S
V- R GG, TEAE R M A R S AR,

HAESR PRI, &8 Wi ARG,
7 1 18 B BRI A 0 Ik L BV A R
G SEARFUAE FH 5 A0 1 286 155 P9 B9 A S bk B 4l 40,
I3 IATEL TgA PR 4> W B 58 | MO HE BT AN A 3 1
AW T B aE T AR P R A 56 i
XN U T8 T A R 0 43 M, & SRR B FLAT B
1564 TPPPS 7843 & 02 1t /N B 38 P9 L 1R 1 34 4
Tk KB T B 4 B T S 3 A TR FLAT B Ak
i, X UL T M4 FLATF 1 R TPPPS 3G 1 FH H
A DMEVER, BT PR s I 38 5T

/NI S LR S 1 B A R Y S I
Ji 3 1) A X 7 3 0 B ) 0 Ak WA R B s R
FEAMER . B BRI BE 1 /N g W s
FEW 51 T AR O BT DL % T 0 K S B4 R
HEPAERKEE" . RS E B R
20 L ) A % R R B B TR TN 2R B R /)N
W DI REIR A, (BT % 2% B i 3 0 £k Az i T
e TR, 52 75 5% W R W, REAN 3h W A
A AR o X /N BN B T 2 2 AR AR 4y
Br, B W FLAT A FLAT 1R +0.5% TPPPS |
TR ZERE AN W] A2 B A 42 5 /N % B 00 1 B BRI
PRoss R B e, R B A FLAT B
[} TPPPS AR P T B i AR W AT 1, 61
WEREH AR Y5 BOR e A, ILAh, A 5 ik & 31
LA BB & TPPPS R LLAE 7 /N LA & i) 4
o, AR B E T AL s, DLk
o 25 R R B, Af ) FLAF 18 1A TPPPS 7 i2F /)
BRI N ol B R M & F m A A
PARIVE R, 3% 5 F ok S5 45 iR 1 i 1 2 R D)
IFi) e 2 RO A 11 4 2E 0O i 250 T 25 AR TR N 2 b
P FH AR AL, 3k Ui 57 245 S 3 W R 9 2L AT TR
F1 TPPPS fEfE o35 W B & &, R i B i A= W
Ak, N e NRAE R B E .

4 & it

AR 16 ] 45 A9 HE 4 FLAT 7R - TPPPS f0 e 48
RE5) AR REE TN 57 H IR IAE , (RAF I K
LR 2 7T LA 3 vk 3% /0 U 38 % & RO E 25
I8 R A AR W 5 O T A W U AT R A
i,
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Preparation of Microcapsules Prepared with Lactobacillus plantarum and
Taishan Pine Pollen Polysaccharide and Its Effects on
Growth and Intestinal Environment of Mice

MA Ningning' PEI Zongfei® ZHU Lijun' DONG Wenwen' ZHOU Jianbo' HU Liping®
WEI Kai' HUANG He'* ZHU Ruiliang'*

(1. Shandong Provincial Key Laboratory of Animal Biotechnology and Disease Control and Prevention, College of
Animal Science and Technology, Shandong Agricultural University, Tai’ an 271018, China; 2. Shandong Province
Green Food Development Center, Ji’ nan 250013, China; 3. Animal Disease Prevention and Control
Center of Shandong Province, Ji’ nan 250022, China; 4. Shandong New Hope Liuhe
Group Co., Ltd., Qingdao 266061, China)

Abstract ;. Lactobacillus plantarum ( L. plantarum) , as a kind of microecological feed additive, was easy to be
affected by adverse factors such as gastric acid, bile acid and digestive enzyme. Taishan pine pollen polysac-
charide ( TPPPS) was a kind of water soluble plant polysaccharide, which was easy to be damaged by acid and
enzyme. In order to protect the biological activity of L. plantarum and TPPPS and to explore whether they have
synergistic effect, this experiment prepared microcapsules with L. plantarum and TPPPS as core materials. The
microcapsule embedding process was optimized by orthogonal test, and the performance of the microcapsules
prepared under the optimum conditions was determined. Forty-eight specific pathogen free ( SPF) mice
( weighted about 20 g) were randomly divided into 4 groups with 12 mice per group. Mice in different groups
were orally fed 1.0 mL of L. plantarum, L. plantarum+0.5% TPPPS, microcapsules and phosphate buffered
saline (PBS) (control group) , respectively. The feeding trial lasted for 42 d. Every other week, three mice
from each group were selected randomly and weighed. After autopsy, intestinal tissues were aseptically collect-
ed and measured the changes of villi and crypts in the small intestine, and then the colonization of lactic acid
bacteria and Escherichia coli were determined. The results showed as follows: 1) encapsulation efficiency of
the microcapsules was 81.6% and diameter was 84.3 pm. Survival rate of L. plantarum was 62.36% after
120 min in simulated gastric juice and 45.9% after 120 days storage at 37 C. 2) compared with control group,
L. plantarum, L. plantarum +0.5% TPPPS and the microcapsules could increase body weight of mice at differ-
ent degrees, increased the number of lactic acid bacteria in small intestine, reduced the number of Escherichia
coli, improve development of small intestine villi and crypts, and the effects of the microcapsules were the
best. The results indicate that probiotic effect of L. plantarum combined with TPPPS is better than that of L.
plantarum alone, while the microcapsules prepared with the above combination can further improve their bene-
ficial effects. [ Chinese Journal of Animal Nutrition, 2017, 29(10) :3627-3634 |
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