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Preparation and Controlled Release Properties of Probiotic Hydrogel
Carrier Based on Citrus Cellulose

WANG Shaoyang, LI Ziyuan, QIN Lina, CHEN Xinyi, WANG Liqi, JIANG Tiemin, LI Haiyun’

(College of Chemistry and Biological Engineering, Guilin University of Technology, Guilin 541004, China)

Abstract: To enhance the survival rate and release rate of probiotics in gastrointestinal fluids, hydrogels were prepared
using citrus cellulose and sodium carboxymethylcellulose as embedding materials, with citric acid as the cross-linking
agent. Lactiplantibacillus plantarum BS was adsorbed and embedded in the hydrogels to evaluate the embedding rate,
controlled release performance, bile salt tolerance, and storage stability. Results demonstrated that hydrogels with varying
ratios exhibited favorable embedding effects, with an embedding rate exceeding 79%. The hydrogel with a citrus cellulose
to sodium carboxymethylcellulose ratio of 1:4 showed optimal controlled release performance, achieving a release rate of
89.25% in simulated intestinal fluid. The bacteriophage-carrying hydrogel significantly enhanced the survival rate of L.
plantarum BS in bile salt solution, reaching 87.09%. The hydrogel maintained a storage stability of 30 days at 4 °C, with the
survival rate of embedded L. plantarum B5 exceeding 60% after 30 days, particularly reaching 70.66% with the 1:4 ratio of
citrus cellulose to sodium carboxymethylcellulose, and maintaining viable bacteria levels above 7 g CFU/mL. Studies have
shown that citrus cellulose-sodium carboxymethylcellulose hydrogels are effective in reducing the exposure of probiotics to

unfavorable factors in the external environment, thus significantly improving their survival in various environments.
Key words: citrus cellulose; hydrogel; Lactiplantibacillus plantarum; embedding; controlled release performance; storage

stability
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g 2B BRI T, YA R = I,
AT LA FE AR A B 52 e A A LA AT
B —FAE T AENIE N RS s AR T WFIER
B, AR AR TR AT LIIGYT AT 7 Z2 5, AN e
PERZEE L RS E T AR ORI A5, LA AR
A T EAT T TE R R AR AL, (B TN T s AV A7
SERIZR A M NAR B i 1% 5 B be b &5 B 1R
BB ER) 52, 15 A AR 5 el o Il A
A, BRI it A TR TR BRIl 6 1g CFU/g X
oo AR TR T AL OR B 5 AR TRUITUR 2138 17 18 1) e f3:
J7 =X, BERB LR UE SR A BRITE X 2 PP R BTS2 i i (e
PR, AR IR . H LA 25 AR TR IR 2R
IADFEAIR (AIBERE) T FREERE™ | 7511 45

TR PP BLLT AE R AN LR AT | 224 M A R a5
P, Bz Tl K EE R TR AR LT 4E R AE
R g AR Gk BAT HABPE A5, anebess B 305 | pisafl
AE ST FIBG SR G 2E J1 55 . Pérez-Burillo 25" KA AR
LB AT T, TRFEA R 7 I E R IE
YIRE RIS PR LRE T | FEERR DT 7t M X R
SEPREMIRIFEN . 45 R R UITER I DI ARG LT 4
e i E P m A BT LR T, BN BEN S I i
% 2 R GERR Y CRP Al TNFao [RIEFFSE
KW, 25 2E A AR AR ool -GS A4 oY, BB AL
PR BT PR TAS, [0 25 A4 e E S —FASRE L
THALI B INST, LLHCH AR RER 2080 B ik
X o A IO EEIR . SR, HRTH IS AR MBS 4E R
HAPRL 4 AR OC SCRRFE o

ASBIFTE LI AGGET 4 28 FR W SLeT e s %
ALHEAPRL, A7 AR SRy S IR Tl A K BEIRE o dE It e B
AR ZUAEAT B, WA [RIBC Le /KSR AR ) F AR
FFRTAO LR X R /K BRI A TE5 ) FRAE, FRTTK
BEWE AR S 2 A TR B L . 882 VK
BEEAEASAL B i b o IHER S AR S5 T R
TR R ATIG AL, PP K BER i REERE . NHER TR
A RAFRLEVE . IAIGLTAER AR P L2 43R
FIVE S BN FH T 25 4 T 26 RN B BE £ i ST g
PRt LI RIR IS
1 MRI5RE
11 MRS

FHYIFAEFT B BS (Lactiplantibacillus plantarum
BS, L. plantarum B5) 538 A NZEEZL, /A7 T
] 4 2 R R AR B 0 (CGMICO) L, AR A7 5
CGMCC No.27251; ZKIFPENMELF 42 (Citrus cellu-
lose, CRC) J"ZAREWRHRAMFARAIRAF; R
£ 4E ZE 4% (Sodium carboxymethylcellulose, CMCNa)

BARBFEE AL 7 i A BR 2 7 5 #7451 (Citric acid,

CA) ik vu B B2 By A R A W 5 H &

(>3000 U/mg) . [EEHEFKF(>2500 U/mg) _igEv
MAEALBIEA BRI E] BBEY  FVERERM A RRCA TR

23 H]; MRS B FRBUIERE IR AL . MRS AR FREE 35

AR ARG RAF

DF-101S £E#FCHIENIIARE i fles T4
TEALES RIS AT BR N Fl s GZX-9240 K5 56 X146
MRS A BR A R Y120 7R HAR R
5] BCD-170CM vK4f RN H]; LGI-10 R R T
KRRl JE AR IR AR XSRL R R R AT BR SR 1S50 R
LT AMGIREIY H 2K Hitachi 2353 SU5000 94
T WEE  FEE Bruker 23F]
1.2 SEWHE
1.2.1 EEWWE S I BS &sfb)s,
£ MRS E: 32 h 37 C W H 12~14 h, W H )G, £
4 °C F 5000 r/min B5.0> 10 min, WEE R RIIIE. R
JE I IE A FEEL K (0.9%, w/v) B, e IR TR E
OB YR DTHEN . YRS 1Y PR U DT DE B 3T = 77
T I AR R ER K i)l B R TR, IR Y TR R
10 lg CFU/mL. FAEMIFLAEATE BS AR R 5 H
WISy, —EB5r FH /KSR L3, 53 —50 oV e s
AN TR AR
1.2.2 FHPE/KER TS DIFPSERRYE R zg B, 4
TK A 5 AT AN AR AT e 2R H LT HE AN N, 742
2% 1A ARAS K EEAE U B T s A LT 4 3R
PR HH BLLT A RN TR, FESIE P Refediidl, B
BAGRNETIER . FEEI T 0.1% IR ERR,
WPl & 5% %R . T A FE S JETE 30 °C R TR
24 h DL RBR/KST, SRIGTE 80 °C T ALRFE 24 h #4738
BRIV o il A3 3 /K BRI I e 30 mL PR
W RO 24 he dnee ik BE AR G S 1Y) 28 PR K BE
2, 4 C LRAF

® 1 KEHRA RS R

Table 1 Compositions of the hydrogel
P CRC(g) CMCNa(g) CA(g)
CCC-311 0.25 0.75 0.1
CCC-411 0.20 0.80 0.1
CCC-511 0.17 0.83 0.1

1.2.3 AHERMGE  AHERAI 2 Xu 2517
B 5T, FEAVE L ZEAIE B . 2K PR K BE S B TR TE
0.01 mol/L #§ I £k 2% v £k /K (PBS, pH7.4) ', 7£
150 r/min FA4 T {1 4% B /K 58 S FE 40 B4 24 ho AR
i GB 4789.35-2016 AR TE0E:, METG AL, I
SRR o

FLIH (%) = 1N, x 100
1gN,

A, Ny oK BER LG B, CFU/mL; N, A
AIEFTEINAINGE 4L, CFU/mL.
1.2.4 FMBESYT 430 BGE AR TAE Y ZLAEFT
T BS. WHEET AL S R T /K BERCAE &, 37
ST HER I Tt e AN, PR HE R BT B s mER
HARMIE A5
1.2.5 HHELIAMNEGEOHT  BEE ETRICE,
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TP AR AR, FH-HBGE d v T /KBRS, 1R By
REENPRA, B R, R B 20N G 2R
AU, S PR 4 em, FHE 300 WK, BEEGE F Y
4000~500 cm™ !,
1.2.6 RSMSH S It g A TR AR A LU
JZ: M8 Kamalian 5" (97853517 B 2.0 g Sk
1 3.0 g HEABET T 7.0 mL EhERER (37%) H,
JHEZEM /KRB B LAAR U 1 L, P87 pH M 2.0, Hl4
L H W (Simulated gastric fluid, SGF); 4 6.8 g
M2 — &40 . 10 g Bk & (% i T i oK b,
1 mol/L A AL4NTA~ pH = 6.8, I 75 B LA TR
1L, R mU o 43 R U AR ) FUAELAT TR
BS Fk s /K BER A F] 20 mL AL E &, 78
37 °C. 150 r/min 254 F53% 3 he B, 152 R/KEE
J62 5% F B AR 38U Wi ( Simulated intestinal fluid, SIF)
i, HAEAH R 25 R E 3% 21 he EARSMEEIL S ik
ALY 24 h WAEERE 3 h 4TS TR, G TR
LA CFU/mL R, BEHCRIHR AR T,

BB (%) = 1A 100

IgA,

K, A, BB 3 h B0 TE B 2L, CFU/mL;
A, L TE AL AT S A ZUAEAT B BS A2k pR /K BE
JEE IS %L, CFU/mL
1.2.7 AR ER T 22 PR S0 5 AR R i 22 R S 5 i B
Chen 8509 (7736070 43 00 U B AR 00 LA AT B
B5 FIZREE K EEREANA 1.5% JHITEL AW (pH7.4) 7,
TE 150 r/min. 37 °C & NZESHHHE 3 ho LETERT
(0. 1. 2.3 h)J5, ¥ ZLEA T BS Fldkes
IR BB A2 2= PBS(0.01 mol/L, pH7.4) 1, #£ 150 1/
min FIFEEREPEIEE 24 h )5, P TIE ETTEL
1.2.8 fifiiiAe e tESCE: R TS mlE B AR Y FUAE AT
# B5 MR K EERTE 4 °C 450 F A48 30 do FETH
SERYEFEITAIFE (5. 10, 15, 20, 25, 30 d), ¥ Estedy
FUAEATEE BS A2k /K EERCESINE] PBS(0.01 mol/L,
pH7.4)H1, Lk 150 r/min $HEFE 24 h Je A T iE R
e,
1.3 HIELIE

B UL — Rk A SC50 1 S B E AR fE 25 RN .
i SPSS ST A4 % s 2041 i 254 43, A
Origin 2022 T4 &, P<0.05 N A G472 X
2 HBRESH
2.1 GIERMNESER

AL W T AR FUAEAT PR BS TR f rp
RIS 3 RN AT A B M, TR 1 45 TS [R) KB R i A,
R, @A 1 AT, CCC-311 /K & 5e 14 4 £ 53k
97.00%. CCC-411 7K HE & 14 42 H = 2y 96.91%.
CCC-511 /KEERLHI AL 79.97%, A WK EEREXT
THPFLAEAT B BS B BAF RO . MR
CCC-511, MHIMHLT A 2= 5 52 B2 4 AN IC e

100 t a a
80 + D
S
;; 60
i
@ 40t
20+
CCC311 . Cec-4ll cCe-sil
25
B 1 FHABET 232 F SLET 4 R K Bt AR Y LA AT A BS 19
fETh B

Fig.1 Embedding rate of citrus cellulose-sodium
carboxymethyl cellulose hydrogel to Lactobacillus
plantarum B5

TE: B PO )P R RER A A 22 5 . 351 (P<0.05) o

A 1:3 1 :4 B, AL AR I 38 5 (P<0.05) .

2.2 FHERER S
TKEEIE S AP FUAEFT B BS o4 e gl SR an
2 s . AEFAEAT R BS FEHII BB T 5 Bl

2 FEHYFAEFTE BS MoKEER s s RS
Fig.2 SEM images of Lactiplantibacillus plantarum B5
and hydrogel
e A-1. A2 HEYIFLREFT B BS AR BE R B-1. C-1.
D-1 4351 Jg R 3 @ i CCC-311, CCC-411, CCC-511 /KRR
P#HBGEE; B-2, C-2. D2 4788145 CCC-311, CCC-
411, CCC-511 /KB A IR K rh 2L (Bl Rl bm 3 1 6

HEAE K BERE 9 AR FLAE AT P BS TRIIARZE M
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EATLEA, FF9E 5 wm, ¥ 20 pm Z247, JCHEE, FT
PR BT IR o 3 A R 3 S 14 /K B e FEL A
X BT LABH i & SRAE ) FLAEAT B BS FE/KBERL
= YE 45 S5 R T BE AL S AT, UEBH T AR ) FLAE AT B
BS MU . R g% A B R AR B AR K BRI
AT B G5 HE), TE IR ARG 2T - 15 F L7 4 22 4N /K BRI
AT AR UAEAT R BS #2E—4~ R I AL 3REs
23 BEMOIMNGENER ST

& 3 S = FPKEER R H IELF dE R AR 2146
TEE . 7E 3432 cm ' A HHER T ARGR Y O-H W IS,
Tt I 7K EE I 18 32 B a2 Hh S A7 K A 401 P NG
TlEIEE, SR, 53R P SLLT 4 RN GIEAH L, 7K
BEEAE 1726 cm™' AbHEL T S8 Wi, 3T LA
VAR TR AR L R day, 1305 PRl
TE A 5%, BRI 21 4 2 3L S8R I N T b 7%
ryrE s N AR Zhuo S5 (RIS, AT AE IR il
TR A I N 5 £ 4 22 32 Bk, T I B2 e 1y R B A
FRIE P2 KBRS A B 2T AN 45 SRS T3
_ .5 o

B (%)

4000 35I00 30‘00 25‘00 20I00 15I00 10‘00 560
PEEL (em™)
B3 JKEEBSFN CMCNa (#2146
Fig.3 FT-IR spectrum of hydrogel and CMCNa
F:a: CCC-311, b: CCC-411, ¢: CCC-511, d: CMCNa,

2.4 (RIMEM BRARREREGE RO

K BRI A AT 5 S R s AR A EEAN
RIS sz B AN R PRS2, JT e 2 A= e 18
BRI . U AR FLAEAT B BS TR S W
BOAAR RN 2 R o TERAU BRI 3 h s,
RS B9 305 TR 5. 3 AR AR (P<0.05) , Fi W0 4h il T 4K

2 FERYFUEFTE BS AR B AR R
SIPERRIES
Table 2 Survival rate of free Lactiplantibacillus plantarum BS
cells in simulated gastric fluid and bile salt solution

R W JIEE N7
ML) g Tt L JearE S
(lg CFU/mL) (%) (lg CFU/mL) (%)
0 11.82+0.22° 100° 9.38+0.18° 100°
1 8.91+0.19°  75.44+1.58" 9.29+0.04°  99.06+0.40°
2 5.49+0.20°  46.48+1.69° 8.35+0.15°  89.07+1.68"
3 3.20+0.17¢  27.09+1.47¢ 6.66+0.09°  71.03+0.96°

T [FFASR) R 2 2 R UL AR BSTEASE L) B ORI AH S 70 Y
T B ARG R 028 53 M (P<0.05)

11.82 lg CFU/mL [%Z 3.20 Ig CFU/mL. #4808 ¥
PR F AT S RAN N 27.09% 45 - B AR LA AT
T B5 XHIK pH 1 5 FABEASTZ .
R PR K BE AL B i b R R anEl 4 Br
Re TEAEHIE WY 3 h, =FhER R /K BRI R 3
AbFEARAKN:, BEHCFEIIRT 20%, CCC-411 KEE
PRI R W I T I3 AP 3 (P<0.05) o W3R 7K B¢
R ARG, — Fh7KEEI R U TR M e
TR Sk 2R = (P<0.05), Hir CCC-411 /K BRI AR
TR 3 T T 5 AN PR BRI (P<0.05) , BT AL
24 h J&, HALH W BRARREE N 89.25%, 1H RIZL W]
£ 10.36 g CFU/mL 4% 8.96 1g CFU/mL. TFEA%
FLE R T RS TR B AT ARSI YR P i R 3 e
=1, 7 CCC-411 /KEERL ¥ BEPEE A1 . Singh
ZE23) P FH RLLT Y NN 2 4T 4 ) 45 /K BEIBE
I, AF pH2.4 BFHREEECh 7~8 1g CFU/mL, 1MiAE pH7.4
A 3% BT 10 1g CFU/mL. {H Singh 4523 H
T HEEAE pH MER R iR, %G i in ol
. FEAMGEE T RERZ N A5 A FETE R BT . Hu 2504
PABF IR HIAS T 1 PR an - S e iR, HAL s it £
FNEZ AT IR S ARAIH AL , FEARALUIZ M i1 TR
TR T 4.51g CFU/mL, 5 ERI1EE%A 50%. Chen
SE S L LA TR X 25 28 BB TIE AL, H A
BRAEBII 7 8 A BB 6.41 1g CFU/mL, H 4
BT 71%. S5HALEI 7 245 10 2548 B A
A 101 cecaait

[ CCC-411 a
8r CCC-511 a

o
T
=
(<]
SHho
2R
G

TG #I%L (g CFU/mL)

0 3 6 9 12 15 18 21 24

A1 (h)
BT 5 eecan . s
1 CCC-411 a by ke
80 - mm coc-511 a. bl il
a Cd'b k] b
~ C

0 3 6 9 12 15 18 21 24
FF 1] (h)

Kl 4 BR/KBERAERA E I ARl (A) BB (B)
Fig.4 Release amount (A) and release rate (B) of bacteria-
carrying hydrogel in simulated gastrointestinal fluid
CE: AT 55 a, by o SRRl — I ] Py =Pk BRI )
RO T B S R R ) 22 5 B 2B (P<0.05) 5 ARl 7B 2\ b
AR T[] — A U e A AN i) S [0 PR A S0t 1 R S BT

1225 W5 1 (P<0.05)
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FA L, ASHFTE 48 IR AG 2T 4 -2 W L 2T 4 22 /K B
JEZEHRH T AL TS i R RE

£ TR, IRAMEIL S W RS gl A Fe B —
AR ET - $5 FP JLLT 2k R ANK BRI I HLAs R das e
OO, FEASALL A MR ) B R TUEAT T 6 1g CFU/mL,
HE W2 P S A FLAEAT T BS 2R B i BTG
B PATAI NG I AR o IERH KBRS 11 — 4 I 2%
LER T LA R AR FUAAT B BS %057 H 1 i 6
BErsE
2.5 EENEBARBRRUFE

ST 2 BRI K BRI A R TCA L), A S 56
T Ritger-Peppas BL I X} B i 45 S 2E 17 3 J1 2+ 47>
BT RN A

M! n
M T kt

o, M, R ¢ B 20100 RV IR, M RN
BRAVELET 2R A TR B i, k RS w R « o
REHEHR], n FEORPEFEE . TEIZARIH, n<0.45 %
FRBECHLEI S Fick BIY 8L, T 0.45<n<0.89 FK /KB
JHAILHI R non-Fick P H. £ /KEER I REIFEEL . 2h
J12R RO AR S R R? N 3 TR . T A #R K
BEBEHY n B RRT 0.45 H/NT 0.89, BiAHZk Bk
BRI BRI el A7 PRS- B ORI 7K B8 e - A ok g
[RIFERIR,

R3O RBUKEER RSN A

Table 3  Kinetic analysis of release from bacteria-carrying

hydrogel
%S n k R REHALH
CCC-311 0.71 0.09 0.99 non-Fick# H{
CCC-411 0.61 0.14 0.97 non-Fick# H{
CCC-511 0.60 0.13 0.98 non-Fick# #

2.6 PEERTHSZIMLER AT

M2k A AR S i, BT 5250 E A
B A S ] 2 S % PR /S i E N R ES) - A N 1] % (WA
PR AEMIFUAEFTEE B5 76 1.5% AHERZA W H A% 35
N 2 iR, BET 1.5% HEAE®R S 3 h )5, Y
FUAEFF A BS MOFAIEF I FFFIN(P<0.05), (HARE T
HAERL E W A AS 3, A FLAEAT I BS X AHER
VR P RSB AT — 2, J TR (Y 4 A8 4 /b, A
AEYIFUEATE BS B —E BOARER TN 321k

AR EA K BE R AENA R W T A TS RS R an & s
TS o ARG £T 4 2 F AR H JE 4T 4 NI B EL R
1:4 B}, CCC-411 /KERBAIH MY 25 28 PRAEG R 5
F AN (P<0.05), BT 1.5% MHEREEWH 3 h, H
ML) 25 AL B TS AR 9T 4E 10.05 1g CFU/mL (%
8.75 lg CFU/mL, f7{% %A 87.09%. AHE T LAFENY
TIFFE 485 HE 27281 AT v 28 B 7K B Jie X AR ) LA AT
PH BS FEAHERVE W T AR ROER B A, — 7 I, 3X AT
B T T AR SRR 2L

A 1 CCC-311 1 CCC-411 EA CCC-511
]0' b a a
g (7] 2% :
£ 8f S Bk
5 c ¢
=~
C 6t
20
&4t
iH
Mool
0 L 1 n
1 2 3
it (h)
B 100 ] CCC-311 3 CCC-411 B8 CCC-511
L )
=1a LS b ¢ a
sof | " S lel e
;\; C
Jgr 60
& 40t
20
0 1 1 1
1 2 3
B 1A (h)
El5  KER A EHYIFAFTE BS 78 1.5% M)
TEHEE(A) MAFTER(B)

Fig.5 Viable count (A) and survival rate (B) of L. plantarum
BS embedded in hydrogel in 1.5% bile salt solution
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