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1 MRlEFE®
1.1 Eh

38 R R L XUEE AT B Probio—MS8 (Probio—M8)
PN 52y Rl R 2A 2L R B B R % TR (Lactic acid
bacteria collection center, LABCC)#Z4t
1.2 KF 58

MK MRS £ 723 (MRS £ 38 %40.50 o/L 1)
LR MR R EL ) W H 3 Oxoid 2 1) ;5 il
FL MR AR E R 9Otk LIVE/DEAD 48
TR0 ) i 50 & L7012, 356 Invitrogen N
Al

YC-2000 H.25 IR mE 55 2L, il AERE AL
A A BR 2N 7 TM4000PLUS 4 Hi B, H A kR
A2 at H A7 w8 H R AR B 0l ir ; DSC25 A 227K
P AL, £ E TA A F ;Synergy H1 BEFR{Y,
F[E BioTek 237l ; DM4000B 1E & %¢ ' i i 8, 1
E Leica 28 A ;HD-3A B fE /K 43106 5 0 A%,
To B T AR BMUEF AR A PR 5T 428 7] 5 K A0 D e 4
R R A,

1.3 Ak

1.3.1 WFIEARE TR . I R TR AE (=80
°C) 1 Probio—M8 B Ffi 42 A £ K 1 B9 2 B MRS
G g E T 37 CIREA S M T 3R 24 h, #1 LU
2% 4 A BB K B AR MRS 85 9% 38 R4
g% 24 h, iE 2R AL 3 40, FA5 A0 T A E Y Pro-
bio-M8, FR-¥5 B i LA 4 500xg .4 CES.L> 15 min, [
PBS Wit 2 %, 5% B R TRTE

1.3.2 Wig5 TH: mrials O & 58 Xt 5 FhEE b
(BEREZL (22 ZEMIRG A SR 4h g s BT A g )
i 45 FL AU AT B Probio-M8 SR A4k, &3
ORI BEM LR L 22 TR A AR DR 3 AL
AR T SRS AR R AR FL SR A
RIREN R N 10%HE P RUR B, B4
TRAPEER S AR FLET i 0 8l 13% , 2 ZFWiINE
10% A B PR 7% R SUR B o Rt A 55
TEGX 4 PO AP BE B AT 25 11, Wi%5 TR Ok
Hingk 1,

1 EZEREMETHREH

Table 1  Vacuum low temperature spray drying conditions

B REE/C # 4% /mL- min™ AR E

Wt % /& 71 /MPa Wt sk AL 42 /mm 4 %/CFU-mL"

75 9 0.025

0.25 1 10°

1.3.3 IR AR FITE DR MRS 3
ERE e SR €T i S L b TE = O TR B 3
%o WIREERITHEALX.
TEI 3R (% )=(NINy)x100 (1)
o N——T 8 J5 B L T BT T8,
CFU/g; Ne—1 M 5 A 5 507 (R BT B 4%, CFU/
2o
1.3.4  GUBHER AR I ) HR A T
1.3.4.1 KO3 & & FOKr G BRI E B 3~5 ¢
TR HERY R, 1 42 1 3l K 4305 S0 1ok e
BRI K A3 B d . R BB K 20 T B AN A T
KA B ELARERAE Sy L G 1t I AR FL Y 514 -4
B0 IR AR AR 5 FRIBGE & R 5 250 BT
FEIFHEAT I E
1.3.4.2  TRBCHERS R M PN 2 B AR S B Al
Yoha S5 S AR (1 5 15 00 7 A 25 3 (o) PR 552 %%
(pr)o VRSN L 2 g 46 AL BB AR B A 25 1

10 mL 5 & R R AL EE R m (kg) BR LA B ol o
AR Vi (m?) T AT BN R, IR S0 Rl
W 18 TP G RE S Rk 200 YR DGk B E E AR
B A B m B DL £ v I i A ARV 3 A 2
PR, HRA I 2)M(3):

pr=mlV, (2)

pr=m/Vy (3)

TS A9 2R 118 U B 1 % 35 R ARG 5 285
AR (@) F(5) 5.

HR =p:/p:. (4)

CI (%)= (pr=p1) / prx100 (5)

Ko HR——ZE 9l L Cl—— R R 488K, %,
1.3.43  WMIE OB %Ry 0 1 i B2 AL 4 Seth
SEHR I I AT AR B B2 g R S T
50 mL 7K i If 52 2R, SR )5 LL 3 000 t/min 4 C
TEL 5 min, B FIE WL BRSO IR AR E
AN, F3EWE T 105 Chydhvas SR b s 4+
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iSRG PR R I 25 ST AR S 1
-8
1.3.44 FKAEE  RIE Lavanya 520 7 ik
I MR SRy 2K B8 1 . % 2 ¢ BESINA 50 mL
XZEIK R, IR TE S T 0 R B Pl g B e i sk
56 4= PR OK AL T 75 Y e )
1.3.5 4 s vt Al 28044k LIVE/
DEAD 2 B 48 A 37 P4 000 2 3050 & L7012 X 7 248 g
Jetr,, R FAEA [F LRI BE B XF Probio—-M8 T 4
200 i s o 8 1 S, ELARERAE AN R L A IR 1.5
L PI TAEW A SYTO 9 TAEW AN A F 1 mL i
B IR%IRSE E R T #EHE 15 min, B H
SERLJE B2 L A B A A 0 A i B 28 B A
I RO B R ILER
1.3.6 TEAFHEUES  BUD VU 260 157 1 ik
WTETHAFRREDEEGEG L, REZ
AR SETIORE SR 5 A AL B &, PR ) &5 4
PR S B TR R T, R E R ER 15 kV, i
PR S 5 RE S Z R BE B Ik B S MY KR
TR AR BUORE & 1 1 7 AR R
1.3.7 BEEAL AR WEFARE 5 mg fil ik %%
By, R % T 258 F & L (DSC) & H
A, IR MErE N R, BEE A DSC
o IE O B 2SR AR N R R TR Y L k-
40 CZE 100 CHATRF T, FHER N 10 °C/
min, SRAFAE G A FAPE BT 4R
1.3.8 HiEfkng
1.3.8.1 BpriA e e HaP AR
I 2 357 £ % Probio—M8 11 5 B S B 32 A 5k
THBRAE S UEAT 3 IREEME
1.3.8.2 1,1-—R3-2-—m§FLAK ik (DPPH) A H
S BRBE I B E  H S 95% 1 K DPPH
AL E A 0.1 mmol/L ¥k, SR 5 B 2 mL £F I Af
i, A 8 mL ) DPPH ¥ WA Ak 56 41, I 7¢ 2
mL 95% . BV INA 8 mL #Y DPPH ¥ i 7E N
XFHRAL, PR 2 mL FEIIRE 5D 5 8 mlL £ B IR
BAE R FA, LI BRFE A B R 2 B IR A 7 A
FITR 2 RIS A 25 (2 ROt R B T IOk Ab &
30 min, T 517 nm b0 5E WG
DPPH {5 FR 3 (%)=(1-(A-A,)/A5)x100  (6)
P A —— R 21 W A —— 25 LA

W E A 3 A s——XoF BR 2L WO A
2 HRS5HW
2.1 Probio-M8 MR BFER

B BIRFL 22 PRI B AR B A RE
HF 4 FlBERE X Probio—M8 B4k 5K .t I mI %0,
DIBERG L 22 2F WIS A SR AN 5 A BE I Dl BE B
) T8 B A7 5 2R 43 501 R 68.85% ,68.62% ,67.46%
H1 73.8% , Fov LS & BE R S BEBF 16 T 2 A7 05
R EETHE 3 4 (P<0.05), B A [ F 21y
BE R 24H A % Probio—MS8 T fist & 17 116 R A 4 I 1) £
e o LR R LB RE 2Lk BE R e 28, IR 3L
FEWE 55 1 0 ik B v O A0 RS T A s S LR
MILEAMAER L, AW MAEATEES 2548
AT 1 20 e EAH A By 1k RS AR I K R e 4
T AN [ ) o 208 B Ao 2 5% M) i A 1T 248 1) 2 A7
fit 1 ,1X 5 Pinto FP 5T — 50,

80 |-

4 a
L] sl

g

Survival rate/%

1 A 1 3 1 R 1
itz S Py st
BEF

Wall material
TE AN /NG F RN R BE M R OB 42 A7 1 22 22 55 W
#(P<0.05).
1 AREEE# 3¢ Probio-M8 f i 58 # 5k 77 7 = M &2 i
Fig.1 Effects of different wall materials on the

survival rate of Probio—M8 microcapsules powders

22 KNEERKDEE

K 53 B R B 7K k2 A Sk T 55 T MR S
RE Y BB A T, A BESE B KA B R A
M) 7= i (18 2 P R 35 A A 7 i A7 ol R v 1 2 A
J1, WKARE BRI RGP A 2 10 B K
AT HEAE Ak RN HEAT , DA S SROOR O A A 2 R
2 45 TS TR 3 BE A 1) B0 3 A 1) - 38 5K
A ORI BEAE, 73 B 4.65%~6.10%F1 0.17~
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0.20 Z |22 4k, 7 AR G 5K S UIVE T, BT A4
AR GAAE Ry BE B ) TIORE B K 3 B e s, —
FROAAE, T 7 i B 7K 3 B RK 4337 BB AT
R M AR, SR T £ A TR AR K S
T (<2% ) FIK I35 BE (<0.1) 25 i 41 J 1 I, A
T V0 ) 240 LA, 33X S sk > 25 R AT At A 4001 ) 1) &4
FRLAEE F3) PR (OB B i K 43 B UK 3 0
BE 535 h 5% FN 0.3 22 A7 i LA KA B A% A7 e e
PER 2R I BER A AR FL | FE ARG DL S G R
A R TR0 e S Ry Y B 138 25 R 7K 43 FIK 43905 B
2.3 MEREBSRMTEE

SET AN L (HR) AR R 48 50 (CT) 7T LA fifk B 1k
JUE 8 K53 A Tt Bl PR X T T Ry SR SR U HR AT CH
{ELBR G , B A U Bl PR B A, DA AR AR B A i U sl Mok
ERHARAW, K2 Bon T ESREBE TR T
AN TR R 7 BE A ok J5C 36 19 1) i s R, el X 4
PRYBEM AT LA G R B, B A REM IR FL 4
SRR BRI 22 ZEARG I 4 Ry BE B TR BE# HR A 53
HH 1.56,1.84,2.01,1.99, 4 F {3l i 2 3 T 1 A
CI 543 %N 36.24% ,45.28% ,49.66% ,49.55% ., LA
02 G REIE R BEBE 1 0 2 3 2 B B /N HR A
CIAE , Ui WK AS [ OR 4 BE b 4 — 22 IR 5 1R A
AR RE A B L S B R S
2.4 HMERBEHRNOBREMNHKSHE

Hi P& 3 AT, S5 BEAE B L A R B A
7% 2FORRE 00 TR A B U R RE 3 0 & T78.75%
90.85% ,91.50% ,91.75% ,4 Fift BE A4 XF 137 1) 1350z 4
B3 6 FE K A I IR] 2 5 K 78.9,75.3,42,62.4 s, A
REBF 10 SRS S B V5 e B G T L 3 AR
RS Ky (P<0.05) , Hotr 3 A 37 BE b 1Y 1k
2 34 93 1) VS Fit B 22 1) G 3 25 57 (P>0.05) . FiFK
HRE I SR AROE L, Y R R R I R
IF ALK JE B 3R KA o PRI, 52 6 BE A 1Y) e
3 T 7K A B 1) v T DA AT 2 R 4N R 22 25 W G A B
A 1R R0 e 22 3 (P<0.05) , & 1T F1 LA JE g 2L Sk B
A T 2 ¥y 22 18] TG 8 3 22 S (P>0.05) , i% 7] BE
JEH T E A REM R —Fh A TR0, W) 5T 2H B
BN 2%, DT REANR T AR 3 oy 1 7 i B85 R K
HHET.
2.5 {HEARESEEME

20 0 S 11 55 4 P R A B A 3 R

R
/3\

&2 Probio-M8 MK EMKMKIRERKSFE
Table 2 Moisture content and water activity

of Probio—M8 microcapsules powders

BE At Ko aEl% Koy E R
JBL R 5L 4.65 £ 0.07" 0.20 £ 0.0035*
B2 RN 6.10 = 0.14 0.20 = 0.0035*
3 A 4.80 +0.14" 0.17 £ 0.0028"
S A REM 4.85+0.07" 0.17 £ 0.0029"

AN R F R R 2 5 B (P<0.05),
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W 2 —o— fIRIR%L R oW
h = 0.8 20 J+L :c:“

06 &

FTT) pr T HAEH
BERS
Wall material
2 7 Probio—M8 i ik % # 52 # 4 bL Fn /R 45 B
Fig.2 Hausner ratio and Carr’s index of different

Probio—M8 microcapsule powders
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Fig.3 The solubility and rehydration time of different

Probio—M8 microcapsule powder
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PRI A ] ) A% 2 2 203700 O DX 35 4 i 0 5 448
SYTO 9 /BRI BE I 3 5 23 X BER b i) BT A 4
JLAEAT Yot TR AR S IR AR 5 5 0 T PT L BEEA
JIEC 2 50 B4 40 B B IR S B 1) AR K R
SYTO 9 F1 PI Jeieb X B0 23 AR W 55 T 45 15 2 1 4
Tl AN [)BE A F G 8% 11 T A 4 o S S 4 i A
FE L AR 4 PR,

1E 4N Gong ZFPOFT 42 T8 , Mot 25 1 J 4 A2 4 X6 4
TRT2A0 LRSS 1 S8 B M 7 A AN R 5200, Arepally 4551
38 S AR R B, FE M 25 TR R rh ) 25 A T A Y
S IFIB K, S EOUERUIR 2 RTE, B 4 R
HE A R T8 O I TR R B Sy A i R A2 4 Bk
T IR TRAR o L AN | AN (] 7 4 HELRE A X 81 1A AT AN [ )
TRIPROR . DIBRE L (22 2FMIKE (26 BEA R IR P
LS I EAR P A SL RN R R
A S TR AN R DR AP BE A A O 8, B LA R 7L 22
ZERIRE . A REAL R DR AP RE LX) TR A 4 i R e
PEA BAF R ER, LA G BEM g IR 97 BE 41 1Y
T 208 AT R %5 P8 A T L 3 L 1 R R A
K, LT 56 A sk /b | i B 5 A5 BE B4 X6t 41 i fis
TRMA BN ER .,
2.6 FHFIEMEE

ol e 20 M3 A 110 3 T 725 6F 25 28 181 10 2 K 1 A
R e ME A B, K5 WoR T 4 FhARTR
PR 37T BE B 1) 0S4 0 76 AN )l R A% 25T 3045 1
SEM S8 ME - M Lian 250018 0E | B T BERE R
SR S AReoS ) i N [ Pl R o W B 7= W S D7 N B N 7/B2iER 2
BT (P BT EOHE ) | IXORT R AR M S5 TR B
Xof A 38 1) 40 7 AR )RR B PR AP VR, R AT
L AT A (] A PR AP BE b T B 1 BT 2SO I
I 22 5, RIS BROE R R RH R B AR
7 5~10 wm, Il A7 IV 2% 1T A5 4R T AL
SRR G, 3 WIRE R B ACRE TR R 20 i o8 4
AL ETEHLTA, RN T TR AR A il X A0 A IR B 4K
W VER, BaE T RGN TG . A SR
WY, W55 T T2 S 8O R T8 A kL B 7= 2E
ELAE R SE R, Qs SR 55 Ak R ) Rt el R
27 WHUHETERE

B I8 A0 AR B (T, 8 SR AR fib A 3R DB 35
AR J AR AS T B 3 3 A B A 3l X 25 T
LCYRSNE | N v N DR DL Y/ BE Y€ iR e S

() LA Z R B 0 D47 BEE (b) EABEAR 5L £ 4 EE A4

() LAZZ 25 IR o B4 BE 1 (d) LASZ 5 BEBE Sy O 47 BE A1
B 4 EEdr3d B E TS Probio—-M8 2 A B 52 5 4 59 5 g

Fig4 Effects of wall materials on cell membrane

integrity of Probio—M8 after spray—drying

() LLZZ 2 RPN 9 O 47 BE#E
B 5 Probio-M8 % SEM
Fig.5 SEM pictogram of Probio—-M8 microcapsules
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Fig.7 Effects of wall materials on antioxidant capacity

of Probio-M8 after spray—drying
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AIK I TE T S [ BE A o 1L 25 A0 I ot 55 1 4
F A 1 5 FLBUEL AT B Probio—M8 13 i 4 1) 52 i)
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X HIE S HAT TG I A R R A REM Y
Probio—M8 flt i 4 5y R 26 80 10 e v A7 76 %, -
A BAR A K 53 MK S5 B, By At sh M ft
THE 3 FhEEM LR B Probio-MS8, SA Tt T & &
BERE 20 53 52 A%, LV it B A LK & I TR A
BeAh, &G BEM AT E Probio—M8 4 g I 1) 5¢ 4%
PEE T HE 3 FBER R4 1 Probio-M8 , A 2L 1) £
T ARG MR Y e, O HOEAA B R S
A2 708 U B R B B AR RE T, R UBE B A 1Y
T A R AT A R A 2 o A 3 6 3 0 A []
AT LA AR IR I 25 T R BOR ] 4 FL AU AT T Pro-
bio—M8 e #EMF 5% , Xt Toalk Ak A= ™ /&5 5 & f%) Pro-
bio-M8 WA R4 i 5 FA/EH .
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The Effects of Wall Materials on the Preparation of Bifidobacterium lactis Probio—M8
Microcapsules by Vacuum Low Temperature Spray Drying
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Hohhot 010018)

Abstract Objective: The effects of different wall materials on the preparation of Bifidobacterium lactis Probio-M8 micro-
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capsules by vacuum low—temperature spray drying were studied in this study. Method: The solubility, rehydration time,
powder fluidity, and the physical properties of the powder moisture and water activity of the microcapsule powder with
different wall materials were measured by physical methods, and the changes in the integrity of the bacterial cell mem-
brane before and after drying were observed using a fluorescence microscope. The morphology and structure of the micro-
capsule powder were observed by scanning electron microscope and the glass transition temperature of the microcapsule
powder was measured with a differential scanning calorimeter. The DPPH free radical scavenging ability and total antioxi-
dant capacity of different wall materials to protect the bacteria were measured. Results: The Probio—-M8 microcapsule
powder of composite wall material showed a higher survival rate of 73.8%, and had a lower water content (4.85%) and
water activity (0.17), and the powder had excellent fluidity. But due to the complex composition of the composite wall
material, the microcapsule powder of the composite wall material had lower solubility and longer rehydration time than
the three kinds of microcapsule powders. In addition, the integrity of the Probio—M8 cell membrane protected by the
composite wall material was also higher than that of the Probio—M8 protected by the other three wall materials, which
effectively protects the integrity of the bacterial cell membrane. Furthermore, the Probio—M8 microcapsule powder of com-
posite wall material had a higher glass transition temperature and a higher glass transition temperature and strong antioxi-
dant capacity which is beneficial to the storage stability of Probio—M8 microcapsule powder. Conclusion: This experiment
compared the effects of different wall materials on the bacterial activity after spray drying of Probio—M8, and found that
different wall materials have different protective effects on the bacterial cells. Among them, the composite wall material
can protect the bacterial cells more effectively. Which has certain reference significance for the industrial production of
Bifidobacterium lactis Probio—M8 microcapsules.

Keywords wall materials; vacuum low temperature spray drying; microcapsule



