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Study on heat-resistant powder of Lactobacillus plantarum microcapsule
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WE B :RHAMAAFE O A, FiE: AW B
T IR E SL R P e N 2-F R R-B-3R MM (2-HP-B-
CD), il F TR AR SHD AR MK TR A, BT
e 5 g, R R A AT AL, R RS R8T
BRAL AL S AT IE, 8 3B KL A Zeta
WA o AT AU T A 1R e A, R R 4 R R E i R
ST SRR A e ot Oy X AT wF M K, B
B .M 2-HP-B-CD 5 3Lk & b bbbk & oF RUR B
Rk 5 o, F & 5 2 It 6 T od A % (P <C0.05); &
2-HP-B-CD 5 $Li & & vk 4 3,13, 38 #r ik £ 55 288 mL/h,
HREEA 112 m /h KRB EA 118 CH WK A E &
#(99.53+E0 1D % . H B F A 1.64 X10° CFU/g; a4 &
B R MERITHRILEA PO URGHE, ERKTE
KEr R ARRET AR LA K> HERALMELIh AL
WREFHL-FHHiEHh A72.7 nm BEZ S HEE T,
Zeta WAL A —40.37 mV; A & £ 130 CTHE 60 s, A&
A 96.790 . 5AREFRERF(P<0.0D), Hig:iZ
P B A B R R 0 A AAOME B B AR R M K i
KRB A SUAT A I A o T TR W o A
&%

Abstract: Objective: This study aimed to improve the heat
tolerance of Lactobacillus plantarum. Methods: On the basis of
the previous research on the microcapsule emulsion, a kind of
powder was prepared by spray drying with 2-hydroxypropyl-3-
cyclodextrin (2-HP-8-CD). The response surface method is used
to optimize different parameters. Its morphology was observed by
light microscope and electron microscope, and the particle size
was determined by laser particle size analyzer and Zeta potential
absorbance was  measured by

analyzer;  the change
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spectrophotometer, and heat resistance test was carried out by
oven heating. Results: With the increase of the ratio of 2-HP-g-
CD to emulsion mass, feed rate, inlet air temperature and inlet
air rate, and the survival rate first increased and then decreased
(P << 0.05). By response surface methodology, the optimal
parameters of spray drying were obtained as follows: the ratio of
2-HP-$-CD to emulsion mass 3.13, feed rate 288 mL/h, inlet air
rate 112 m®/h and the inlet air temperature 118 °C. Under the
control fo these conditions, the survival rate of bacteria was
(99.53+0.11) %, and the bacterial load reached 1.64 X 10° CFU/g.
The scanning electron microscopy and microscopy results showed
that the microcapsule was a central concave particle, spherically
dispersed in water with the bacteria gathered inside. The
absorbance value of the water dispersion was not found changing
significantly within 1 h (P>>0.05), and the average particle size
was 472.7 nm with distribution concentrated and Zeta potential at
—40.37 mV. The survival rate of microcapsules was 96.79%
when treated at 130 “Cfor 60 s, which was significantly different
from the survival rate of bacterial sludge (P<C0.01). Conclusion:
The microcapsule powder has high heat resistance and stable
water dispersibility.

Lactobacillus microcapsule powders;
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TR M 30 XL A 0 B RO 4 O e 4K i B
FEEFA TN Rk B SOR & FERR AR = Mo
FCPE A BB 5 A 7 S O R AR E TR 1 e R b R R ) 2
B = R E B R 38 AR 1 O T A 4 A R
445 T 30 S 00 RO TR 2 1) 5 o 1 G 0 . & R R
W% 55 11 B 7 ) A SLIR A BRI BB P R I R TR R N
67.06% . B N 9.58 1g(CFU/g) s i 19 4515 BF 57 % BH
LR WU AT B A WS 2 T 0 o R b T MR A O R T A
72.12% .8 H R4 9.53 1g(CFU/g) ; Sultan 41 X BRI %
FE (1475 P AT G AT B 38 o 1% 2 T M F AT TR B Ak, A7 6 R
KF84.69% B B F] 8.17 Ig(CFU/) VL I, Bk A7
T R ANE BT A BRI 3R FHas (], @ W T 3 ik
TR0 T 25 AR B A AF G R . D X 35 A B AT R B 9k R
Yk |5 B K YL S5 95 AL BEDOD s @ FR N A I A AR AP
O fufbmis T T LS50,

W A W B R AR 2R R R K K A
EW AR ZE Y R A R 3 Chdvez 450
78 BER HOIA K F 43 8 B 11 (SPD) L 28 51 155 58 4 Ao =8
TRV 25 T M 5 OO AT TR TR 5, AN S A 1 25 T 8 5k
R R AR E T, BLFE 30 CR& T 3 ™~ A
J5 MO B B E KT 1X107 CFU/g. laconelli 260 72
W 55 1 e i 5 A ) 7L A BT RIS B B L BE B TR AR
SSRGS HL A3 A A R A R R A AR AR T R AR I FE T R,
2-F2 N H-B-FR MRS (2-HP-B-CD) 2 75 B-FF Wi K 70 7 151
AR TEQRRR T RRG M T 9 S b 1l B S A Y
KT A e e IhRR Y A 0 L 1 LR S 1
T4 T M A 0 A T A PO RS AR R A T At
ARG G T RUAL A 0 0 VA fif R AR E B DL R A W 1 R R
FEEDT . HAEGTZ T 25470 & S AT At & A7l
85 AL BRI E I AR S R ket e A ) I
MAR e PR ARG R . SR N LA R 25 A T O
BEM AOBIF S 1 R 22 0. PR 4L w0 B 98 & B, LA SPLL
WG o 2 B RE M A O R L R B RAE R T
PG R R K E] 3.55X10° CFU/mL, #F 58 #8076 M 2L 5l 1 %
IG5 2-HP-p-CD, 3 22 1% 25 48 1 05 3%, il 45 1 4 2L
FE B 2 R R0 . 38 o e N T O R O AR E % TR S
B, e o A 1) ok e R 2 A T v TR K 3 B 3 6
VLA A Tl b 7 FH 4 (1 30 4 44
1 MRS
L1 FEHRSHA

H Y FLFF B (Lactobacillus plantarum)M616 ;i 7 45
Tl AR ) B AR RS T TR S GRS MD 5

2-FR T HE-B- ARG - 4l BE 2>99.5% , LI & T Ak A 4k
BHEERA A

D-1L B 4l =98 % . b I R F A H A BRA 5

MEBRE WANEWIATFARBEENH

KM &R E R 20 EHAR
e AR WS < BN U 4 2l R B A RS

j(Efﬁ%,

B EEF:10 000 NFU/mg, 4 T A9 T8 B 3 17 R

NI

BEIR —AH1 (=99.520) IR B: (=980 FF b 2% il
R 2 43 A4, K B Ak AR R A BRA ] .

1.2 EENEE

W% 4 AL OM-1500A B, b ¥ Wk 52 2k A7 [R
NEIR

WO HE B T AL B Zeta LA AT A . ZS90 HY, e [
SR SCAL AR BR 2 A 5

E IR R 7 B Pk A% . 85-2 AL, Tl B R I BL B & R AT BR
NEIE

AL 6T 722N B, I AE Bl Sl A R W

SR S ZE IR KT % LS 75 HD 8, T B I L B 7 %
AR F

B0 AL TDL-5-A B, g 2e 5= B 224U T

F, PRI IR 5% 35 4 - DNP-9272BS- 1 %), I 3 5 1 EEJ7
A A A B
1.3 REAHZE
1.3.1  [f% R HE A (EHSPD 9 il &

(1) SPI il . KB ad 80 H . iR G 528 M
AKELT = 10 #9 BT i iR A 39 29,50 “C /K 60 min, A
2 mol/L NaOH ¥ pH = 8.0, LA 5 000 r/min AY%E 3 & >
30 min, % 2 mol/L HCL ¥ pH % 4.8 J5 ,4 C ¥
A% H 5 000 r/min B0 50 min, BULIE B T 2818
Ke, 3 2 mol/L NaOH & pH = 7.0, W 25 T 44 i
% SPIHS]

(2) EHSPI Wyl 4% : o il 3% /9 SPT W - FH 2 mol/L
HClLE WA pH 2 2.0, 8 1 HEFE 10 min, MABEH
il OFE 4 5 6 i 1L 100 ¢ 1), 78 37 °C F #E4T B8 Mt I v
2 hofRFF pH fH 2 L W fF 58 UG P8 pH & 7.0 K. FHmE
%k 48 EHSPI 7,

1.3.2  BEFR B EC

(1) MRS 3G 1 g EEWE.1 g T, 0.5 ¢
BERE R .2 g WA, 0.2 g K, HPO, ,0.5 ¢ ZR4h,0.2 g 17
B A —8,0.02 g FREREE.0.005 g B B 4G, 0.05 g it il
80,100 mL ZE W /K, pH #H & 6.3, 121 C & JE K H

/A\#

Zl

Zl

20 min,

(2) MRS Rk #5355 100 mL A9 M4 85 35 35, fm A
1.8 g BiJR.121 CHERKHE 20 min,
1.3.3 WA EE Ve AW AN E A IR T
—80 CHIMM AT H A 1 mL, # M T 100 mL ¥ &
MRS 5 7% B, 37 C 1H i 5 7% 18 h, Mt 3 mL % 4 5|
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100 mLiY MRS WK R; 355,37 CHEEREFF 18 h, Hl 15
Tl

B3 mL A FW4EF T 100 mL MRS K 5 55 3,
37 CHi4% 18 h.5 000 r/min &0 10 min, ¥ U IE Y0 FH %
FREh B o e AT RRIFE.G A 3, HIE .
1.3.4  AHYZLFT TR OB 200 ) A & K A W FLAT TR A
5 EPSPI LA 1 ¢ 1.83 A9 Jit it F 1R A I LA 500 r/min #
F14EHE 30 min, ArHIFE MG EYE 12 6 11 : 1 WAL
A 70% 19 D-1l AL BV ORI R 45 B e, ®E O B B
90 min, A AE Y FLAT B IR B FLWET . DL AT B
YHE B 25 B <C0.95 MPa By %14 F #E47 .

P B g 40% 1 2-HP-B-CD ¥R 5 I i 5 B il 4%
I e e FLWR A% — € L IR & fE B &S B <C0.95 MPa 4%
PR #E S HEFE 30 min, 45 m% 25 4 09 R .

A F AR 2L BRI A5 0 W HE AT WSS T A A P 3L
LIRERUIE 2
1.3.5 IS BE I BORAE IS AR R AR v RO B0k
T 2 M 5 R VR0RI 25 A4 BT Gl e 8 o 390 e 1 0 B AT . BRI
B 1 g, JHBERR R 22 vP R 76 B8 100 £ . 4k 20 55 M6 B2 1l B%
SrHIEEL 1071,107°,107° 3 AR B Bh B AR 1 mL, 3%
AT MRS [ 455 55 4, 37 CHEFR 48 h, THE IR A 5L,

e (DB BRI 5

v:ii?XIOO%, D)
A
v AR R, %
¥ % 25 FP A BV B CFU
V2 TS % B3 oK v ) BTG TR 4. CF U,
1.3.6 K2 Hl Zeta AL IIE IO W) ZLFF 81 39002 42 By

1 g, 100 g ZEAEAKBERE YT S), F B IR SCIROG R BE A0
R BE AT 53R 1.545% ,PDL#E 0.7 UL R A 3sde .
ARERIRE 3K,

T AR A 2 A3 O JH Zeta B A2 ASCIN G B 7 37 5
R 1.545% ., BAFERME 3 K.
1.3.7  GRBHEN 7) K 43 OB OB COD D M2 AR
SCHEkL22] 0 B B R  BURL A FLAT B SO R I g
ST 600 g ZEARMAK . B PR TR BURURE BE K 5 3 1T L
B 45 10 min BUEE, ) H 500 nm &b OD {8, 45 7k & 2 5E
3AFES
1.3.8 MRS 43 50 HOE S AR A 2L B R T R
EAE Y LA T 8 A 110,130 °C B HE4E A 3 30,
45,60 s, FHARIEF- AR T 2500 D A 350 i AR A 3R A ) 9 A
1.3.9 BMWE BT EMKRERT 1 g MA
20 g BIRK RGBS B — T3 b, 6% B
BEF R 16X 40 15 MZEHAE K P RIB &, HEFE 2R 0

B 2648 | 2023F 10 A | AR5V

WHEAT RS T 16 X100 F5 90 58T o WL %< H v A 1 7L AT
B 3 A S 0L
1.3.10  HMmF R KRS E e e R b
4. 7E 3.00 kV B H A T ML,
1.3.11 B FIKE 5N R I 20 O R AR R
FIE T, O DL R A7 0 RO BT 5 TR ROR B E AT
iR

(1) 2-HP-p-CD 5 3L i & b . 76 i KUR B 120 °C
HEARLH R 360 mL/h, #F KR 140 m®/h &R, % %5
2-HP-B-CD 5 FL ¥ i & o Cmopppen/maw 53908 2.5,
3.5,4.5,5.5,6.5) X Wi 55 T B AR 20

(2) # KRB . 76 2-HP-p-CD 5 7L i & b2k 3.5,
BERHEF 180 mL/h, # X F 140 m® /h &M, B % #
BRI BE (80,100, 120, 140, 160 °C) Xf W% 25 T 4 &% S 1y
AL

(3) R R 7E 2-HP-p-CD 5B &= L h 3.5,
HERGHE 140 m® /h, #F KR 120 °C 40T, 5 5 ik bk
(180, 360, 540, 720, 900 mL/h) X W% 2% F & #E 5 1
AL

(4) PR R E 2-HP--CD 5FL W Fi & 1L 3.5,
HERREE 120 °C, BERHE F 360 mL/h 58~ , 5 483 K
R (28,56,84,112,140 m® /h) X 05§ 55 5 A% i B 52 1
1.3.12  mapy ORI BT Dk W AT R S B X 4L DA
VA A7 3% 2R Sy o )37 B . A1) ] Design-Expert 8. 06, i HJ
2-HP-B-COS LW & e (mpwppon/mag ) HE KR E L 3F
RER R R 4 AR R, & W RT3 KR
Box-Behnken’s 1%t 27 A% .
1.4 HiEALE

PR EIE I E 3 W, BOHE LA P I AR 25 SRR,
SRHI SAS 9.2 GEif A BEAT O TR £ LR
(Fisher’s LSD #£) ., P<C0.05 A}y A [ 4b B 4H 22 1] 22 5% B
FLEESZIEEX.
2 HRGHR
2.1 2-HPB-CD EZRRELXNBEFELRHEMN

e 1 R B 2-HP-p-CD 5 2L 5 a3,
FHEHEREEEL EFARE FREMBSE, Y 2-HP-p-CD
SRR BRI 3.5 B, B T FAETE R R R IFH S H
MR T Mg RES B E (P <<0.05), f£1HE N
98.99% , 4R & & 6.34 X 10° CFU/g, H] 2-HP-5-CD
B S AT S S A BT A R H R R 2 O
ANRESR B HAE G 2R, 2-HP-B-CD % i3 ik, D-111 B4 2
TEURE S8 P OUT o BB v L D- 1 B B B S AL T AR R AR
BB T o A v T R B R XL 43 B R RE B 4 b
JER DB R R 1A R IR, R BUR 25, L AR
B 2-HP-B-CD5 FL W it bk b 2.5 ~4.5, J5 8L s [N %
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B 1 22HPB-CD5RREWASAERAFEAKNH @
Figure 1 Effects of 2-HP-B-CD supplementation on

survival rate and viable bacteria count

WHEH 2-HP-p-CD 52 M B ek 3.5,
2.2 HERBREXNFEMIRM M
WE 2 froR, B OF X RE A T 5 A 9 L AT A 7
HRMBE 2% LI E TR, 8K E N
120 °C Hif £ 195 26 A1 2K 18 1t 0 =i - 20 00 R 99.26 %6 1 2,15 X
10° CFU/g. A5 KB RIBEHERER B E(P<
oow-/ FEART 80 CHE, T T A 5E 4, T4 i B e Al
P A RS B R AR A R AR MRS T 120 C oA,
@Wx%ﬂr%ﬁ?ﬂﬂ»iéﬁ AE N R G AR R,
I A 0 KU BE R 100 ~ 140 °C L J5 2% 1 B0 P 2R 3
R B 3 O 120 °C,

100 12
b c a d =
e 11 T
80 - .
Q -10 =
M E b b A ¢ 9 HHE
H 60 e SR
\*t.é ) -8 R
40} R 5
d6 %
2
20 5
80 100 120 140 160
R E
Inlet air temperature/ °C
FEREOR IR 227 4 ] 22 57 3 (P <C0.05)
B2 #MBENAEEERERETNT A
Figure 2 Effects of inlet air temperature on survival rate

and viable bacteria quantity

2.3 HREEINTHREYRMZIE
WE 3 BTN Bl R XU R A 3 A T R ORI
BEREFAETHEM B, #FREEN 28~112 m*/h B
ﬁ&ﬁ%%ﬁﬂi%ﬁ@?ﬁ%éﬁﬂﬂﬁ?ﬁ%%ﬁﬂL%%E*ﬁ
KA FE Sy 112 m® /h i, T 7R A7 1% 22 4 98.14 %6, 8%
gﬁs.zaxw CFU/g, M #ER# KN 140 m®/h B, 7
TR TR, U, B XGE R 84~140 m®/h,
J& S B R B AR i KU R Sl 112 m® /.

MEBRE WANEWIATFARBEENH

wor .2
c be b a ¢ | 1 L‘:o
o 80 .
% - 1 E
‘M‘é c be b a ¢ 49 T iH
$2= 601 S HE
A 40l ﬁ@i 17 E
—— A z
16 £
2
20 | | | | | 5
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Inlet air rate/(m* « h™)
FRR R 2R 41 R 22 57 B % (P<<0.05)
B3 #tRRENSAEERERA TN A
Figure 3 Effects of air inlet rate on survival rate and

viable bacteria quantity

2.4 BEREENTEREBRNZM

W 4 BT bt E R T“E’Ji-‘im ) FLAT B8 A 06
KB LR F M, R E Y 360 mL/h #f
TN 98.76 % . B & M 3.69X10° CFU/g B 5 H A

HERE R ] 2% 5 (P >>0.05) . Bt B 00 i 3 ) k%

4 180~540 mL/h,
2.5 WA R ER I

I K5 g W% 1,3 06 T R g R W
%2,

il 3 Design-Expert 8.06 # £ % 3% 2 0¥ 47 I

Z LA LG L A3 B N E Y % AB.C.D iy =
100 - S112
b b
b ’ 117,
80+ .

W 51 9 3E
%E S®
2 a0l . 7 =

[==]
20 5

180 360 540 720 900
Feed rate/(mL -+ h™)

SRR AN R s 4 ) 2% 7 3 (P <<0.05)

A4 #HREFETEREDRG YA

Figure 4  Effects of feeding rate on survival rate and

viable bacteria count

x1 MWMEEETRAHKETERKESRD
Table 1 Level and coding of optimal design factors for

response surface design

WA/ C PR/ D g RE

K A monppen/man

(mL+h " (m®-hYH FE/C

—1 2.5 180 84 100
0 3.5 360 112 120

1 4.5 540 140 140
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F2 MEBRAHKRETRER x3 MEEREEIAEENTEST
Table 2 Experimental design and results of response Table 3 Variance analysis of regression model of
surface optimization response surface test
P A B C D FER/ % Z5W AHE I ¥y P {8
1 —1 —1 0 0 97.78 A 1 23.941 880 23.941 880 0.004 5
2 —1 1 0 0 97.70 B 1 0.826 875 0.826 875 0.530 0
3 1 —1 0 0 96.01 C 1 1.092 033 1.092 033 0.471 6
4 1 1 0 0 96.70 D 1 9.900 833 9.900 833 0.045 0
5 0 0 —1 —1 89.80 A? 1 36.331 200 36.331 200 0.001 1
6 0 0 —1 1 96.60 AB 1 0.783 225 0.783 225 0.540 8
7 0 0 1 —1 95.99 AC 1 0.688 900 0.688 900 0.565 9
8 0 0 1 1 92.99 AD 1 0.640 000 0.640 000 0.579 8
9 —1 0 0 —1 94.65 B? 1 0.634 800 0.634 800 0.581 4
10 —1 0 0 1 93.72 BC 1 0.090 000 0.090 000 0.834 6
11 1 0 0 —1 94.82 BD 1 0.003 600 0.003 600 0.966 7
12 1 0 0 1 94.29 C? 1 40.590 410 40.590 410 0.000 7
13 0 —1 —1 0 97.05 CD 1 54.760 000 54.760 000 0.000 2
14 0 —1 1 0 96.04 D? 1 39.132 410 39.132 410 0.000 8
15 0 1 —1 0 97.21 T 14 188.038 500 13.431 320 0.001 0
16 0 1 1 0 96.80 k% 12 23719910 1976659
17 —1 0 —1 0 97.74 P30 10 23.291 040 2.329 104 0.087 2
18 -1 0 1 0 95.68 4R 22 2 0.428 867 0.214 433
19 1 0 —1 0 94.61 JFI 26 211.758 400
20 1 0 1 0 88.89 + R2=0.888 0.
21 0 —1 0 —1 97.61
- 0 . 0 . 06,55 BN TR PR AR A7 R T B
- 0 . 0 . 08,08 3 2o 9 A A O Y e A T2 A - 2-HP-p-CD
§ DL o asss HTURRRCHON 513 R K 288 ml/h IR
- 0 0 0 o 99,00 118.2 “CL R # 113,12 m® /h, Sy 77 i /55 3 XU
s D o o ees  EREERGECSEESEON 118 °C 112w /b, i B % R
., o o oo eew MKW KB R (99,865 0.76) %
BEAT 3 UK U ST H, 15 B K B AF TS R (99,53 &
S35 5 Ji ) 7 0.11) % B B (1.64£0.24) X 10° CFU/ g, 7€ B 1Y

Y=099.616 67—1.412 5A+0.262 5B—0.301 667C —
0.908 333D —2.61A%+0.442 5AB—0.415AC —0.4AD +
0.345B% 4 0.15BC — 0.03BD — 2,758 75C* — 3.7CD —
2.708 75D*%, (2)

XF % WA Ty B BEAT J7 25 43 0. KA Rk 3 iR,
AR 22 7 g 35 (P<T0.05) . R LI P =0.087 2. A W3,
H R*=0.888 0, BB Z MBIy L& R e v . ARl 3
PRAFAE PO KT B W56 A R 3R 28 AR 6 {6 7Y
R, MR 5 Ca) ~ & 5Ce) it 1 18 2678 3¢ BAE H &8
LR R A H R B HE R R KR R R
R AT EER RS, KRR E, WE 5D~
B 5D s, AT H N, B & 2-HP-p-CD B & i & .
HERIR B L 30 R % [ 1 K, A7 T R s R —

X I P, 2 B A 80 ] g

WA T A AT B R3S KM L Zhu
A0 BRI T A A et 55 T A8 ) A ) LA T I e AR
B 75.70 % . 77.40 Y0 14 R AR A5 S HL A W] AR
26 BRUBRER

it A4 200 A ) L T BRI B Ol P R R L 4 K
N AT A, ERE, WE 6 FTR, MK 5
W K G 287K v 5L R/ INHE I Y B EROIR 43 A L O HL B 1A
SR BB, AT AR Y S R AE I T R & BE B R
2 1058 Aok U e R SR DR T M R A
gl
2.7 HEBEEWRER

AN 7T 7R S PO 22 B o B TR O A — B R
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Figure 5 Curved surface and contour diagram of response surface
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Figure 6 Dispersion of microcapsules in water

B7 wHEAELER

Observation results by scanning

Figure 7

electron microscope
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