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Abstract: In order to improve the encapsulation rate and antimicrobial properties of sodium butyrate, sodium alginate/chitosan
microcapsules of sodium butyrate were prepared by the complex coacervation method, and the key process parameters were optimized by
response surface methodology. The appearance, morphology, structural features and antimicrobial properties of the optimized butyrate
microcapsuleswere also analyzed. The results showed that the optimal formulation parameters of butyrate microcapsules with an embedding rate
of 95.12% were sodium alginate 3.0% (m/m), chitosan 1.75% (m/m), sodium butyrate 2.5% (m/m), calcium chloride 3.0% (m/m), and
embedding time 3 h. The obtained regression model was highly significant (P<0.000 1), with the lack of fit beingin significant (P=0.35), and the
model fit being very good (R?=0.98). Scanning electron microscopy (SEM) showed that the sodium butyrate microcapsules were spindle-shaped
with nodules. Fourier transform infrared spectroscopy (FT-IR) analysis showed that the characteristic peaks of sodium butyrate were all
weakened or even disappeared, indicating that sodium alginate and chitosan formed microcapsules. The antibacterial rates of the sodium
butyrate microcapsules against S. aureus and E. coli increased by 28.82% and 25.25%, respectively, compared with those of the sodium butyrate.
After 24 h of intervention with sodium butyrate microcapsules (mass concentration: 2.0 g/L) against both bacteria, the total inhibition rate were
higher than 99%. These results indicate that the sodium butyrate microcapsules prepared by the optimized process had a high embedding rate,
compact and firm particles, and good antibacterial properties, which can provide a theoretical support for development of butyric acid-derived
green antibiotic substitutes.

Key words: butyrate; complex coacervation; response surface methodology; microcapsules; antibacterial activity

G

PV JEAR AL IS, S5 T RREN ISR ) 2 T2 RAE S AW R 4 7 [3] DA £ fn i, 2023,39(6):154-161.

SUN Hui, FAN Li, DU Zhongda, et al. Preparation process optimization, characterization and antimicrobial properties of sodium butyrate
microcapsules [J]. Modern Food Science and Technology, 2023, 39(6): 154-161.

WS HHA: 2022-06-20

EETH: BEEARBTEARNEESIE (2020005215) ; EEXRSIHAATIE (YJ202004)

fEETEIN: FVE (1986-) , %, L, BIEGR, MixAE: AMLZESES, E-mail: sun_huiedu@163.com
B JEf (1970, B, Wit, FEER, HisAn: AR, Email: 278701912@qq.com

154



MR BRI

Modern Food Science and Technology

2023, Vol.39, No.6

TEREN R HE DRV BRI IR L, AESIE
IRy BRNETR. AW LGSR (RN e R
P M, HISCHT AR, T RN 2 T
B BA R /K VR AN G Ve s Rr i, REBS (Lt B 2R
B LR, PRI pH R A . (H
TTRRWAIRRAN. SR DWRE. SIS
Ve 1 B T RLE R . SIAh, TR
FEAFABANIN T RE h 5) S RIPR SRR A A A, Tk
PR B IR) T WBA B A, FLIEAS RS
Ve, RIF SR A IR DA X i R P
F TIRBORTHL A 1E T BN R SE R S AL AT
TEBH: KEREOR S DR AN T T
T RN IE: Shi SUR AR 1y B E AL
K AR E VPR E IR OEER. (M B4
X T ERANEAT UZ AIRAL B, 5Bk S R A
B A IR B R o P DL T T R
T TIRMEA RIFHIDhReREE, (RO %
AP A IR A 1 A, R, RO
FEFrHORSE R T RN R B B RIS

TRHEBANE B AT, BA SR
R B REE TR AN R PR SR R,
Wz N EAIIZG . b AR AE 2 A
S R P A R T 46 T A 5 T A
EAMLEEAZ I, FLrhmsd 25T A fal e e R B
(BAETESRE R LA it G A AR e 1 J ), S
re— MRV RS E I A, (HAMIR TR
R A IR 25 T R A A S Y, i SR
R AR pH AR AT AV VE i 2 TR
TR AR A YIRS, AT 20 BCEE A i R AR
TR R EE . 2 TR AL e HA
1 RIFIZRNERE . FIF] RBERBOARS &, IR
E AR SR AT S HAT R i 0 T AR AT EL )
JRIE LB, SRR R RIRBHIE W, Hoo 145
EOREA AT A, TR & A KR
SEIRA R T 2 HEARL,  SERBEAIRIR AL & B
R AR AT R AR, HKVEYELT . A T2
HERIMZE R, 1EH Ta BE K v P E R (L
FEUA LRI, B TR A ORI P AR BR T
—HE, AT TR BRI BEBARTET T RN
RIRBEA, SETH T BN SR AFEUR I MG, PRIE
TSR OPUE BRI T BRI, 52
RN T NIRRT Rk I Wi TR
T2 R BERIE % f e LA T RN U FE I AL
A, PR GRS G PR T RO E . £
N T TRAMIT s (ELAL A PR AN ™ i R T A B it

PR A AR S A
1 MRSREE

11 MHE&E4E

111 EERFA

TR T VR TR AT AR TR
BN N o T Al TR E R A PR AR $hR.
BREREN. SRS, BEIR S0, K LEE. SE
BN aE T B 25 A AR BR A A
112 EAtfedzsk

B . 4 BT 6L % BE Bk B ATCC6538
( Staphylococcus aureus ) « K 7 #T % ATCC25922
(Escherichia coli) H1ECHE B tE s s e ft; &
A (NB). Ifls (NA) T g kAR
HRAF,
113 BEEE

BSA224S BU T R, e R AR PR A F;
IKA RCT BB AHiREas, T MR A AR
Al H-1 BRI A s, IR R A TR A ;
DELTA 320 Alk5% pH it, LilgEMAERAF;
SDTQ600 BY[FE# o tiril, £E TA AF]; Antaris 11
R HLLAM G, EETEBN K AR, VEGA3 SBH
P s, FEREEAT.

12 RIFE

121 TEMMIRENHE Y

i B IR N e BT T I B IR S
(pH 1A 3.0, BARFFIEZE 25 CJain NG & ] BN
FEVRA W LA 2 mL/min 38 FE# N SAES IR, g3
TR SR S SRR IR fG e A B E KR A
WET 4 CUKFH 12 h fE AL, RN S S JETE
Ve 5 G, IR FERNERAR P S 15 min, Bk
PR EFIIEBE 2 Ik, BEHGHAE 80 CHA4 N T
2K o S AT 15%0T RIA A o
122 $RHZAb B

BRI FARIG T M 1.2.1 #1408, AR
AIFNFRPR ISR HAIE TS, Ik i 205
(%): WFEERAN (1.5, 2.0. 2.5, 3.0. 35). &ML4S
(1.0, 2.0. 3.0. 40. 50). 5¢FH# (05, 1.0, 15,
2.0, 3.00; GHEEFE] C(h): (1. 2. 3. 4. 5); OHMJR
B8 (%): T4 (1.0, 1.3. 20. 25. 3.0) i
1T RIS .

HUOHEEG T AR 1IBM SPSS Statistics 26
ST 3 T i =P ) G P R NP N

155



MR BRI

Modern Food Science and Technology

2023, Vol.39, No.6

G5, T T IR R G A O A A
Wvrt. RAEESR RO, e S0 S04
3.0%, GHEWITE] 3 h, #5T 3 NMHAE GEHEERP. 7%
FWE. TIRENVEHO X NAE T TRV BRI
Wi, ) Design Expert 8.0.6 it =2 Tk iR,
W 1.
=1 IMNEREHERKFETR
Table 1 Factors and coding levels of response surface analysis
A& KF
FREN % -1682 -1 0 1 1682

R ER AR 258 275 30 325 342

RAE 133 15 175 20 217

T BN 208 225 25 275 292
123 FAEGM
1231 FHREHHT

HU 2 mg A [A) Ak B 2% £ ) 2% 16T TR M I 2

(Sodium Butyrate Microcapsules, SB-MCPs) 175
k%€ (Bland Microcapsules, MCPs) 435l Sk
oM, BAIMEY, FHEFAEF: 10 C/min, I
& SB-MCPs Il MCPs 7£ 23~800 “C 2 [l ff) 2k E 1% .,
M FE MCPs X T BRAA S d R AR k), 428
3 (D 2D PRGBS T BRANA AR AR

C= IVII_le_ml_mw x100% (1)
M-M, m-m,

KF:

C——TEBAAHE, %,

M——SB-MCPs 89/ &, ¢;

M,——SB-MCPs ¥ /K497 %, ¢

M——SB-MCPs £k 98 &, ¢;

m——MCPs ¢4 7&, ¢;

m——MCPs £R X497 E, 0

m,——MCPs ¥ K872, g.

oY X§ (2)
MB

EE

AF:

EE—— T B4 ELIZE, %;

M——SB-MCPs #/% &, ¢;

C——THESh R EE, %,

Mg——TER4NE ™ nE, g,
1232 TRFELAFHEN

Hi&E & SB-MCPs 1 MCPs £ T 5 0B T5
HLE b, N LR 20.0 KV, 54 40's, ] VEGA3 SBH
TR B B P A T I T R T 55 R A M 2
1233 (HHEMLAMEE (FT-IR) il

KA Fik,  RA FT-IR 225 )0 e v

156

24N (Sodium Alginate, SAA). 5¢3FE (Chitosan,
CTS). T#&4%H (Sodium Butyrate, SB). MCPs I
SB-MCPs. FEF#E: 400 & 4000 cm™, {34
R acem®, HIECN 16.
1.234 PR TERENE

i FRUBGSE os (R P A b 5 R BB EIOW B . &3
ORI, SR EE T EOENE TR
S REXT YD T ] B AT B (e, 2k
¥ SB. MCPs fll SB-MCPs 284MKE, RGN H &
W (1<10° CFU/ML) 3% 10 h, HFREfAE 75
BrRsk LSRR 20 L BB, CHEE 05h J5 T
37 CIEIRAM TR 24 h, WG RTEAEL
FRPHE AR (3 WiF:

v =% =We 10096 3

W,

ENE

Y——3RAE, %;

W,—— = & 5T B B A 0408

W,——AE AL il B Shth 30

KA EE (4L ik SB. MCPs Al
SB-MCPs [FHIIEE TERE . TERFFRIE O X IR EE PR 25355
2B AT, ToE S N R 50 L 140° CFU/mL
(R R P R R 7R3t |, BN 50 Wl TR
B TEGRTEN T RRANR TR S (BETEXT
BB R (TR Z24REd, 37 CIEIRAME T
B53% 24 h, 52 2500 B B LR B Bl <10 mm
STCHNEAER, 10 mm<<HIEE <15 mm (194 7 B4
PR R B P8l > 15 mm Sy s B B AR ASOPATY
1.2.4 FIEGAT oM

FIFH Excel 2016 H1 Origin 9.1 #1414 75 45
1§} IBM SPSS Statistics 26 #4347 % 5 b B 2k
MR 7434, S%H Disign Expert 8.0.6 2K /F%S il
AR AT RN e A €T VA Bl S oo Wb =i s 2l
i T = 4]

2 HER5VE

21 BERLRER GO

ENEE=R2 J-a SR Ra R e ks il A )|
1. MK la~1c ATLAEHH, BHERFEERREN. S5
TRENR RSB, T RREVELIH ARSI 05 k),
WAEEE, HIEEERE . ST IR
IYET RN 3.0%. 3.006F1 2500}, T ERENEIRZE L
KAE (93.21%. 92.01%. 92.24%); MK 1d AJLLEH!,
BEE T RFA IR R, AW, RRET



MR BRI

Modern Food Science and Technology

2023, Vol.39, No.6

FERBE TR RS IR R AR R S T R FR RS
BRIV, B T IE e i e A A R R A T s 7 F,
RIRIET R NE, TTTHR T T BRI, (H 2145
RVEEHOCT 2.000), 2 TR RS KL
RS B . HAYSI B . HE 1e AT,
RN A] 3 h B, AR BIAIEAE (91.55%),
T J5 A HHR N TR R R S ek, (AR AN 3%
ULIIE BRI R T, EIRBER A [l A8
K, AETIIRHER S S FEAN R S FEA R N S BOEM % H
a 96
9%
92F
90}
88 |
86
84+
82
80 |

7%.0 1.5 2.0 25 3.0 35 4.0

i BRI RS 4/ %

[S]

W /%

93 |- E

92 bc
91
90 ab
89 -
88 a a
87 F
86
85 F
84

W /%

2 3 4

i
(=23

[=]
o

AR H %

C 9%
94 -
92 -
90 -
88

W /%

86|
84|

82 1 1 1
0.0 0.5 1.0 1.5 2.0 25 3.0

FERM B E %

b
92 b

W /%

88

86 -

84

AL / h

e 9%4r
92
90 -

88 -

W /%

86 -

84|

82 1 1 L 1
0.5 1.0 1.5 2.0 25 3.0 3.5

TR %
1 EERE (a) « EKEE (b) « TEREA (o) « FBHE (d) RES
HANELIRATIE] () ML FE BB ZRAIFIN
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