£ om0 OB ¥ # HIHE % | ABMAIKE HRQ-1 MREMHIE . LRI KINTE

Chinese Journal of Biotechnology Apr. 25, 2025, 41(4): 1415-1427
CSTR: 32114.14.j.cjb.240597 http://journals.im.ac.cn/cjbcn
DOI: 10.13345/j.cjb.240597 ©2025 Chin J Biotech, All rights reserved

- EHEYRA -

7B A IKE HRQ-1 MATEEOHI& . AL
Ak

FRam A L2, 4RI Y, EHTT Y TEAEC, RAE Y, WY, mEE Y

1 KERH K2 A TR, K 300000

2 P E BRI T AR Y ARG I KT Tk A R S R TR S0 %, R 300000
3 EHEAEBRAEY ARG L, KiEE 300000

4 PEPBEERERSE,  dbat 101408

WA, WA, EHOT, EMEL AN, AR, AT, FLER A BRE HRQ-1 BURZERS 4 . Jifk RIEUASMTAR[T]. £
Y THEAIR, 2025, 41(4): 1415-1427.
HAN Ruiqin, XU Song, WANG Xinyuan, WANG Jingjing, ZHANG Xiaoxia, DU Liping, HUANG Zhiyong. Preparation,

optimization, and in vitro evaluation of Pediococcus acidilactici HRQ-1 microcapsules[J]. Chinese Journal of Biotechnology,
2025, 41(4): 1415-1427.

OB ARSARMAA LR 6 — M8 A & B ——3LE 5 (Pediococcus acidilactici)
HRQ-1 &) § Mk it 68 ) B4l A A2 A BB IR A AE, ABFRVAILBR A 3R A S, B
B4 A e AR A A, RAGEZREGILB N RAMRE. B EF M ERRALTIBR N RA
IR E A BAEB & T L EM, FAQEE, BEER, MARTH., B8RS EEREEHIPE
F6A7, IR KB MR EREREITAL., £ REAH, EILRAROEHRERECIELENSFT,
0,38 % ik 5)(89.60+0.02)%; £ At 494 TR F fo i 240 T, % F 475 555 (76.4240.13)%, 4173
84 A% 1R T A A (1.1640.03) mm; 38 1T 35 48 B M AR 0 52 B 52 SLBR M SR i B 0E ) 349 5
RAE BT 2 s b AR AR, 8L 4 °CH BB A A EAZE HHF T KT 4o 5| & IR £ T 9L
BARA REHRORE. AR T ABRA KA MIREOH EH T 5 L LA FEH AMH GREILT K
H.

KR JLER A SRE; MURE; Bo T8 WHROMRAE: FR A

FEEHIH : KA m AL 13 (23 YFY SHZ00050)

This work was supported by the Science and Technology Plan of Tianjin (23YFYSHZ00050).
*Corresponding authors. E-mail: DU Liping, dlp123@tust.edu.cn; XU Song, xu_s@tib.cas.cn
Received: 2024-07-23; Accepted: 2024-11-27; Published online: 2024-12-02



1416 ISSN 1000-3061 CN 11-1998/Q =¥ T #2244k  Chin J Biotech

Preparation, optimization, and in vitro evaluation of Pediococcus
acidilactici HRQ-1 microcapsules

HAN Ruiqin!??, XU Song>**, WANG Xinyuan?**, WANG Jingjing?3, ZHANG Xiaoxia>,
DU Liping!", HUANG Zhiyong?>?

1 School of Biological Engineering, Tianjin University of Science and Technology, Tianjin 300000, China

2 Tianjin Key Laboratory for Industrial Biosystems and Bioprocessing Engineering, Tianjin Institute of Industrial
Biotechnology, Chinese Academy of Sciences, Tianjin 300000, China

3 National Center of Technology Innovation for Synthetic Biology, Tianjin 300000, China

4 University of Chinese Academy of Sciences, Beijing 101408, China

Abstract: We have isolated an intestinal probiotic strain, Pediococcus acidilactici HRQ-1. To
improve its gastrointestinal fluid tolerance, transportation and storage stability, and slow-release
properties, we employed the extrusion method to prepare the microcapsules with P. acidilactici
HRQ-1 as the core material and sodium alginate and chitosan as the wall material. The optimal
conditions for preparing the microcapsules were determined by single factor and orthogonal
tests, and the optimal ratio was determined by taking the embedding rate, survival rate, storage
stability, gastrointestinal fluid tolerance, and release rate as the evaluation indexes. The results
showed that under the optimal embedding conditions, the embedding rate reached
(89.60+0.02)%. Under the optimal formula of freeze-drying protective agent, the freeze-drying
survival rate reached (76.42+0.13)%, and the average size of the microcapsules produced was
(1.16+£0.03) mm. The continuous gastrointestinal fluid simulation experiments confirmed that
the microcapsules ensured the viable bacterial count and can slowly release bacteria in the
intestinal fluid. The curve of the viable bacterial count during storage at 4 °C and room
temperature indicated that the prepared microcapsules achieved strains’ live number protection.
The formula and preparation process of P. acidilactici microcapsules may provide a
technological reserve for the preparation of more live bacterial drugs in the future.

Keywords: Pediococcus acidilactici; microcapsules; formula and process; in vitro evaluation; live
bacterial drugs
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Figure 1  Growth curves and pH changes of
Pediococcus acidilactici.

http://journals.im.ac.cn/cjben

G PETR AN R B W BN T R, 24 R A Y
WEEIR B 3%, FLIR A BREA 1Y A 38 53 51 i
W, N 85.10%; HiIE 2B R, 4 RBRYH
JE/NT 0.8%FF, FLER HBR A (U 28 i AU R i
o RO B A B N T, Yo RO B
PKE] 0.8%F, FLER A BRI 04 1 %0k 51 5 1
1 86.74%, ZJ WA 7C MR A 3 inf 4 e
FLT BB ; t & 2C a1, 24 CaCly ¥ /N
F 3%0F, FLER A BR R R S 14 40 1 R A
CaClL W FE 3 i &, 24 CaCly B BE 15 3]
3%, FLMR A Bk A M R R B e,
90.28%, Z Al CaCly & H38 finf HE K%
WrREAG s A 2D FTHD, Y AR EA 0.5 h B,
FLIR A BR A A A R IR B de iy, N 87.43%, 2
Jei B (5] P HsF () (0 18 o 6 35 6 0 T R TG o AR B
S LR F K TR TR 38 A0 3 38 11 BRL IR R S
152 FLIR v BR AT e 3 1) d5e A 0 3L 45 1 Sy Vg
FRENMCFE N 3% . SCRBEEE N 0.8%, CaCly ik
JEH 3%, LB 0.5 h, B HAE N JELEIE
2SI S A
23 FERRPRkEEL EEENIERR
WeE R

LB R R A5 31 1 LA HE RO R AR
il 25 T e R SR A A T IE S BR (3R 1), SR
VU R 2R =K IE 28 A T R G 1 S R A
FERMEWREE . CaClL MR BE | & Ak I 8] X L2 v Bk
PR M o T SR PR S ), LA e A o 5 11
IS

Hi ¢ 2 AR, #2219 K/NIF iy A>D>B>C,
R VAR 35 TR 0 Y R T ol e R 19 5 3L 38 19 52 ] e
K, HRARYOZ LS ] . 72 Rk . CaCly
WEE, Ki. Koo Ks FPEUE SRR B9 AR L 8 7K
iR, NI AsBsCiDs A Rl 25 LR F
BR DA R B A A B A A 1, B VA R A I
N 3%, FERBRE N 1%, CaCLIKEN 2%,
BALI R R 0.75 ho SBRUFIZAME AR



EISIE 2 | TLEAMIKE HRO-1 MR EMSIE . (AR N ReS

. - - - o v v v v aee . - - - o Ve veiu Vo veru 1euu
Sodium alginate Chitosan concentration (%) CaCl, concentration (%) Time (h)
concentration (%)

E 2 BREHZEMNWERESERNEZE A IBERIPIVE KRR RAZ; B: 50 R XS
R BRI M ; C: CaCly ¥ BE X MU BE A HE A 520 5 D: & Ak B[R] X o 0 28 A0 3R g 2

Figure 2 Effect of single factor on microcapsule embedding efficiency. A: Effect of sodium alginate
concentration on microcapsule encapsulation efficiency; B: Effect of chitosan concentration on microcapsule

encapsulation efficiency; C: Effect of CaCl, concentration on microcapsule encapsulation efficiency; D:
Effect of curing time on microcapsule encapsulation efficiency.

* 1 EXRERICH FHREERRERKF

Table 1 Orthogonal experiments optimize the level of factors for the preparation of microcapsules

Level A B C D
Sodium alginate concentration (%) Chitosan concentration (%) CaClz concentration (%)  Curing time (h)
1 2 0.6 2 0.25
2 3 0.8 3 0.50
3 4 1.0 4 0.75

*x2 WRESEFERRELER

Table 2 Results of orthogonal test of microcapsule embedding agent

Experimental number A B C D Survival rate (%)
1 1 1 1 1 29.69
2 1 2 2 2 35.22
3 1 3 3 3 44.63
4 2 1 2 3 86.29
5 2 2 3 1 78.05
6 2 3 1 2 85.27
7 3 1 3 2 70.27
8 3 2 1 3 86.55
9 3 3 2 1 79.34
Ki 109.54 186.25 201.51 187.08

K2 249.61 199.82 200.85 190.76

Ks 236.16 209.24 192.95 217.47

ki 36.51 62.08 67.17 62.36

ko 83.20 66.61 66.95 63.60

ks 78.72 69.75 64.32 72.49

R 46.69 7.66 2.85 10.13

Best level Az Bs Ci D3
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Figure 3 Effect of single factor on the survival rate of microcapsules. A: Effect of skim milk powder
concentration on microcapsule viability; B: Effect of glycerol concentration on microcapsule viability; C:
Effect of sucrose concentration on microcapsule viability; D: Effect of mannitol concentration on
microcapsule viability; E: Effect of tyrosine concentration on microcapsule viability.
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*3 EXREAUSISENMEERTRIFTIERKTE

Table 3  Orthogonal experiments optimize the factor levels of lyophilized protective agents for the
preparation of microcapsules
Level A B C D E
Skim milk Glycerol Sucrose Mannitol Tyrosine
concentration (%) concentration (%) concentration (%) concentration (%) concentration (%)
11 10 13 3 0.8
2 12 11 14 4 0.9
3 13 12 15 5 1.0

*4 WREFTRIFTIERAELER

Table 4 Results of orthogonal test of microcapsule lyophilized protectants

Experimental number A B C D E Survival rate (%)
1 1 1 1 1 1 63.08
2 1 2 2 2 2 68.34
3 1 3 3 3 3 66.63
4 2 1 1 2 2 68.07
5 2 2 2 3 3 68.35
6 2 3 3 1 1 71.32
7 3 1 2 1 3 64.98
8 3 2 3 1 1 63.28
9 3 3 1 2 2 61.73
10 1 1 3 3 2 60.21
11 1 2 1 3 3 68.99
12 1 3 2 1 1 66.70
13 2 1 2 2 1 65.44
14 2 2 3 3 2 63.18
15 2 3 1 1 3 69.07
16 3 1 3 2 3 60.68
17 3 2 1 3 1 68.97
18 3 3 2 1 2 68.53
Ky 196.97 191.23 199.96 200.04 199.40

K2 202.72 200.56 201.17 198.07 195.03

Ks 194.09 201.99 192.65 195.67 199.35

ki 65.66 63.74 66.65 66.68 66.47

ka 67.57 66.85 67.06 66.02 65.01

ks 64.69 67.33 64.22 65.22 66.45

R 2.88 3.59 2.84 1.46 1.46

Best level Az Bs C2 Di Ei
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Figure 4 Apparent characteristics of microcapsule. A:
Macroscopic image of microcapsules; B: Surface image

of microcapsules.
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Figure 5 Microcapsule simulated gastrointestinal
fluid tolerance.
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Figure 6 Storage stability of microcapsules at
4 °Cand 25 °C.
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