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3 2B R T O AL, KRV IS AT BRA A
1.3 RKEH*
1.3.1  FLIEABEEAYKS 4 (WPIF) il & 2=
% Priya SO J7 2 4 WPLF, {8 FH 48 40 7K i ) o
0 E 2% M FLIE 3 B A 1 (WP W, ] 2 mol/L
HCL R pH (BI85 2 2, i $1 IF 1 % ik (85 C,
600 r/min, 12 h) ., B IK 5 B9 WPL 3% 7K 7 in
2 85 °C, fEE S P+ 2514 F (600 r/min, 12 h) fifi 1
YAl K LR i )5 /) WPIF BT pH 2 AUZE ik
BT 72 h, B 100 ku, St EmN 1R, A
SLEEMR 6 h THAENTI K WPIF RS T 4 CIR
75 H
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1.3.4 FEHYAA EZ TR REEIR AN E
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7.8~8.2) H E TR R, £ 37 °C, 180 r/min &
TLEE L h 5, 7 A, A 38 (Encapsu-
lation efficiency , EE) 3158 40 (1) s .

EE = N/Npx100% (1)

LN £ AR T AL S T TR 2L, CFU/mL; N,
k26 2 B AL HE AT IS PR AL, CFU/mL,,

1.3.5  AHYFLAT B A% 70 U 28 T 25 1 WL 5%
1.3.5.1 BRSNS ERAE
SO X A% 0 SRS 28 A WL EA T HA IR

1.3.5.2 B 50 ol e 2 1 3 it 9 4 R I TR
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R T WG TR e RS AL, R T
Xof FR AR b HEAT I, DA AT BRI T A Bl
B BRSO R B PR AL EE | 1S KV MURLE R
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1.3.6 M 22 5 7 W 2% Ak BEAE 40 FLAT B A% 5T Tl
PR B RE M TR T R A N T
FiIRE T, IR, LL 120 v/min 895 & 75 g, 4k
BRI E] S 0,30,60,120 min, Y55 A 5] B[] (1) B
ai, KT FE S IR AT B R A A, R vk AT
BT E, B WOE AR S IR A R 2B 015 2 e, 4k
g E TR N TR i, PA 120 v/min
() 5 S % 3 i f AL B 0,30, 60, 120 min, 5% FH & A
S T AN [ B ] B R il A T 06 TR TR, T
e T B\ AR Y v A A FLAF TR

1.3.7 VR T 45 X0 A 0 LT TR A% 7 U 20 34 TR 4
IFZI NGRS A i FE L A5 BEAIR T 10.0 Pa, i
JEH-80 CHIZMT, TSR UR T 24 h, 45
WG, TS RS oA 0.85% 1 JC T AE BE
KR AK BRI FEBAAR, WERAYS, BT
37 CH:FE 46 H V-5 30 min,, SR 5 PEAT B B2 BE A
M, 78 37 CCHE 5% 48 h i MEAT 1 3638, 11
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1.3.9 WA B[R]0 AR 0 LA TR A 7 10 2 e o
(RS2 7 AR AR A 5 1) O 6 A B 1) A ) LA B
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Fig.1 Effects of different mass fractions of ALG and CaCl, on encapsulation rates and core—shell characteristics

of microcapsules
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Fig.2 Characterization of core—shell microcapsules of Lactobacillus plantarum by field emission

scanning electron microscopy
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90 Tl 4% Ji5 T 7% BB 2 9.94 1g(CFU/mL) , # 5#
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Fig.3 Effect of extrusion on proliferation

of L. plantarum core-shell microcapsules
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THT 3509 S B, AT A AKRH LR PR P N R B A
OB BRI T 25 A T U 28 5 B MR H 2 ik, fR 4P
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% ST AR 2 XoF i T ) 0 2 B S AT R T 32
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Fig.4 Effects of continuous in wvitro gastrointestinal digestion on gastric fluid survival rate and intestinal fluid release rate

of L. plantarum core-shell microcapsules
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PEXT AP FUAT B PR VE D . NI Sb AT LA i
WPIF-ALG W% FE W4 R A 58 B L ok, %
TR AL BT, BRI FL AT 90 B A
10.11 1g(CFU/mL) , W AR 7R 5, W6 ACT =
1.69 Ig(CFU/mL), G4 URT I 24 h J5 15 H#
BFZE 6.79 1g(CFU/mL) , WPIF-ALG )4 5¢ i
Jie e 22 Ve VR T 1R TS R W FLFT TR 0 A O R R
89.66% , i 11 #4537l 4 8.84 1g(CFU/mL), &3 &
TR LA 90, T AR RN, 2
P20 i AR TR BRI ROR R T 2 B AR
1% 5 L 0 25 A TR B DR AP VR T, DA 5 B0 i iR
AR U B T L 2 4TS AR S i R P 11 22 0
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FEPE 79.98% ., 2 F 30 75 0k ] 44 /5 25 2E TR 766 A7 5k
IR E T . Yao SFPHFFE & IR, 38 2o Bk BRI K
BRI WSS TR B R AR Y FLAT A 550, BHE LE 4
CAf LIS ] A 14 0, BT A B it o 4 26 TR 09 05 9
SRAHRA PG W R A e IR B A T R
TR AT 5 TR JLAFE o h s R B, 45
ot 2 11 0T - 22 WER G W i T A 10 A 0 PR ) o
Rz A= T, 90 G s 1 TR A — 11 R AU SR e L
T8 40 5 AR 1 — Bl R AT J5 20200 I BT B 11— R K
Jig 2 g 1% g AR T ORI . AR SR
WPIF 1 R — Bk B RL , 55 065 3 1R 48 iR 7 iR
B, AR THYFF AR LA
FRETE

3 #Hig

T 20 40 32 4 1 £ A TR N T4 1 N AT R
WA RGERZ —, AR N TERR, L WPIF
HALG N BEER, @t LAk 55 il 2 S 1A L 7R

|:| L.plantarum 90

WPIF-ALG-L.plantarum 90

1 7 -

RN

Total colony count/[lg(CFU/mL)]

2F

0

VTR
Pre-frecze-drying

B5 RETELENEVIFEZZHMEETEHRNZI
Fig.5 Effect of freeze—drying treatment on viable bacteria
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Fig.6  Effect of storage time on viable bacteria count

of L. plantarum core—shell microcapsules
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Preparation and Stability of Microcapsules Containing Probiotics

Li Siyuan, Sun Xiaochen, Duanmu Chuanyu, Wang Ying, Liu Xiaoli, Fan Linlin®

(Institute of Agro—Product Processing, Jiangsu Academy of Agricultural Sciences, Nanjing 210014)

Abstract Lactobacillus plantarum, as a probiotic, has many functional properties in the food industry, such as improved
nutritional quality, flavor properties, antioxidant activity and antibacterial activity, which can be beneficial to health when
consumed in sufficient quantities. However, probiotics are subject to various types of adverse environmental conditions in
the gastrointestinal tract, particularly gastric acid and bile salts, which strongly inhibit their effective colonization of the
active site in the colon with significantly reduced survival rates. To improve the stability of Lactobacillus plantarum in the
human gastrointestinal tract and during processing and storage, microcapsules of Lactobacillus plantarum were firstly pre-
pared by extrusion using whey isolate protein fibril and sodium alginate as wall materials. The effects of the mass con-
centration of the composite wall material and CaCl, on the encapsulation effect of Lactobacillus plantarum were optimized
by using the encapsulation rate as the index. The results showed that the optimum preparation conditions of Lactobacillus
plantarum microcapsules were 2% mass fraction of WPIF, 2% mass fraction of ALG and 1% mass fraction of CaCl,, un-
der which condition the highest encapsulation rate of Lactobacillus plantarum microcapsules was achieved at 92.13%. The
stability of WPIF-ALG-L. plantarum 90 core-shell microcapsules were evaluated through in vitro gastrointestinal digestion
for 5 h and storage at 4 °C. Tt showed that the survival rate of WPIF-ALG-L. plantarum 90 core-shell microcapsules was
87.65% in simulated gastric fluid and 89.18% in intestinal fluid, and the survival rate was 79.98% after 25 d storage at
4 °C. All results indicate that the core—shell microcapsules have good tolerance, intestinal solubility and storage stability.

Keywords whey isolate protein fibril; Lactobacillus plantarum; extrusion method; microcapsule; stability



