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Study on preparation and stability of flavonoid microcapsules
from Chimonanthus nitens Oliv. leaf
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HU Wenbing'?, CHEN Lingli'*, HAN Yi'?, HE Shaolang’, CHEN Hui'*

(1.School of Food Science and Engineering , Jiangxi Agricultural University , Nanchang 330045, China;
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Improvement of Jiangxi Province, National Engineering and Technology Research Center for Red Soil
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Abstract: [ Objective | This study aims to optimize the optimal process for preparing Chimonanthus nitens
Oliv. leaf flavonoid microcapsules via the piercing method to enhance their stability. [ Method | Single—factor
experiments were conducted to investigate the effects of sodium alginate mass fraction, calcium chloride mass
fraction, wall—to—core ratio, and coagulation bath temperature on the encapsulation efficiency and drug loading
capacity. Subsequently, the response surface methodology (RSM) was employed to obtain the optimal process
conditions, and the Chimonanthus nitens Oliv. leaf flavonoid microcapsules prepared under these conditions
were subjected to characterization analysis, stability tests, and antioxidant activity determination.[ Result]The
optimal process parameters obtained by single—factor and response surface methodology (RSM) optimization
were as follows: sodium alginate mass fraction of 2.0%), calcium chloride mass fraction of 3.0%, wall-to—core
ratio of 10: 1, and coagulation bath temperature of 54 ‘C.Under these conditions, the encapsulation efficiency of
Chimonanthus nitens Oliv. leaf flavonoid microcapsules reached 75.0%. After drying, the Chimonanthus nitens
Oliv. leaf flavonoid microcapsules exhibited a spherical shape with a smooth and dense surface, and an average
particle size of 248.9 wm. The result of fourier transform infrared spectroscopy (FT-IR) confirmed that the
flavonoids were effectively physically encapsulated within the wall material. Microencapsulation significantly
enhanced the retention rate of Chimonanthus nitens Oliv. leaf flavonoids under high—temperature, light exposure,
and storage conditions. After 4 hours of high—temperature incubation, the flavonoid retention rate of the
microcapsules was 72.4% , which was 16.2% higher than that of the unencapsulated flavonoids.Following 8 hours
of light exposure, the flavonoid retention rate of the microcapsules reached 81.6%, while that of the
unencapsulated flavonoids decreased to 68.6%. After 28 days of storage, the flavonoid retention rate of the
microcapsules was 94.5%, more than 5 times higher than that of the unencapsulated flavonoids. Furthermore,
during the storage period, the microcapsules exhibited a mild downward trend in their scavenging capacity
against 1, 1-diphenyl-2—picrylhydrazyl (DPPH) radicals and 2, 2’ —azino—bis (3-ethylbenzothiazoline—6—
sulfonic acid) (ABTS*) radicals, as well as in their ferric reducing antioxidant power (FRAP) value and ferrous
ion chelating rate with the prolongation of storage time.In contrast, after 7 days of storage, all antioxidant indices
of the unencapsulated flavonoids showed a sharp decline with the increase of storage time. After 28 ,the DPPH
radical scavenging rate, ABTS * radical scavenging rate, FRAP value, and ferrous ion chelating rate of the
microcapsules were 89.8%, 42.6%, 4.0, and 5.1%, respectively, while those of the unencapsulated flavonoids
were 17.0%,26.8%,1.3,and 2.2%.The Chimonanthus nitens Oliv. leaf flavonoid microcapsules not only possess
a stable flavonoid content foundation but also exhibit consistent antioxidant activity. The correlation analysis
showed that the flavonoid content was significantly positively correlated with its antioxidant activity.
[ Conclusion ] This study established an optimal process for preparing Chimonanthus nitens Oliv. leaf flavonoid
microcapsules via the piercing method, these microcapsules had complete structure and significantly improved

stability of Chimonanthus nitens Oliv. leaf flavonoids.It provides technical support and a theoretical basis for the
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stabilized application of flavonoids from Chimonanthus nitens Oliv. leaf in functional foods or pharmaceuticals.
Keywords: Chimonanthus nitens Oliv. leaf; flavonoids; microcapsules; process optimization; stability;

antioxidant activity
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PR 2 VRSB R RE A0 T, L e AR e I ol 5 0 o B T 25 A A DA 5% v A DL AT [0 ok
F18) DK Bt ) 0 ) AR 5 L L) 5 A P 2 T A SCb YA S R M Ry BE A, SR FH B0 L 12 T 8 L e A o e T ol i 4%,
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HRAE P PFAE 7 VA RS AE A B, FRE— 2 BT 1 1) LU S A I R, e ORI LK 1225 (o/mL) in AR R
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BL1/5. BCAB-8 BURFLB AR O MABAARHE A BRA ) F 20 LIRFU 458 20% £ s die 51k gt i, 5725
B2 EE 3 FERER KSR AT, 25 A B A2 10 em, B0 180 em AYBLFE E T AE P o 4 IR vk 4 W
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(1) BEM B ATECH] o FH 200 mL BEARFRE— 7 ot it 1) Vi 5 AR 4 (75 S5 A 1B s SR LA IR /D) L
A KB FK B T 53R 2.0% T BE R ANV WL, TN % ¥, LR R i i b (LT i AU R I 4
BHRRAF) EEE M.

(2) 3051 FVEE AR A A BE i o 22 B8 10 1 REIS bl , ARE— a3 2 140 L0 0 A B ) o AV o R 7
T P GO R VR B VAR, TICPE G I e P b 2 e Vi

() EE B E A BCH o F 200 mL AR FRE— 2 T i 19 S A0S CR T RO Ak 2735 ) , FH 50 mL
ZRNBR K, T BT 1 23 K0CR 4.0% Y SBALES I
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BHEVR G WA It B 2 B BF 0 T BT VR [ v b, SRk At [ AR A ] 10~30 min.
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H, 10 mLARFR 2088 60% £ Bk 7 WA i, W B 1 mL AR S 10 mL 255, $e BB 2 A v it £ P iy
AT VE A I E ORI ER R & AR
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E U SR A, A ZBERIARE S LE 4 000 r/min B E50 ( EIEZEERMAEE) )10 min, i 0.45 wm JE
JE, B TR 1 L, e R BRI R T A T TS SR A R Ui S R i MR 2
AT

-w

fIHR = % x 100% (2)
1
e _ M,
e = —1 x 100% (3)
M,
(2 (3) s W R e 4 S B I 25 1, mg/mlL s W, A (U 9 2 1T U 25 B 1) 5 1 mg/m L s M, R e 4 A2,

B, mg s MM TR I3 B, mg
1.2.5 #HZXE
(1) A7) J5E dt i 50T 988 PR AR ) ol P R A M R RN 24 it ()52 ) A A A5 0T 1 43 0K 2.0% , BE IS L
10 1, [5E EE 60 “CRISRMEN , 25 821 IR AN 5T 1 70 40 7E 1.0% . 1.5% .2.0% .2.5% F1 3.0% I 1) e 2
AL,
(2) N[ B B A S X T B MR SR RN 2 2 SR . ZEIE R AT i 40 K0k 2.0% , BERSHE 1011,
[ 8 IR E 60 CRYSME R, B GAES TR 0 BUE 2.0% . 2.5% ,3.0% . 3.5% Fl1 4.0% s (RIS BE AU K
(3)ASTREE SN Eb X ol Jg 48 ) JH 53R R 40 245 F: O R T o 7 A T 5 2 20 50K 2% , A4S I 1 40 50
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3.0%, [ E VR IRLEE 60 “CHYZF T , B RENHLAES 1,101 1.15:1.,20: 1 F125: 1 BRI S fu b

(4) AN 5] [81 7 1 T B X AP 20 G M AR R AR 2 5] o RV B IR B 5 7 B8N 2.0% , S AL 55 o o o
B 3.0% , BER L 10: 1T ZRPF T, B4 E Tl AE 30,40, 50,60, 70 “CIN AU HE R
1.2.6 v 2 @K B kit

AR FA DA R0 25 2R, fd ) Design—Expert 13 FCPF3EA T 0 17 1813080 B0 1, 25 42 ) 4 L s A - ol e
% DR 3R A 5 BE A 5 50 SR A A ST B R S LG R T e R X 3 AR AR 2 Y B, PR L
IR 2 ) 95 YRR L T 2450 o IR N ZOKPF BTk 1 s .

F1 MEEREERZESKFER
Tab.l1 Factors and levels of response surface methodology experiments

K& Factors

3@1 BERT I RESYH () 1% SRS 4 KL (B) 1% BEISH(C) [l 5 YHERLIE (D)) C
Wall material mass fraction ~ Calcium chloride mass fraction ~ Wall-core ratio Fixed bath temperature
-1 1.5 2.5 5:1 40
0 2.0 3.0 10:1 50
1 2.5 3.5 15:1 60

1.2.7 st 3 B8R fI% 4 04 25 M) R AE

(DRI SR RIRAE 0 LR EAB M, FRE— 5 BT i e 3% , LABRSK Ry 4300, (POt
53T (35 ] Microtrac 23 F)) W EAF dvRiA , I 5 (=R A3 ORI 5 24658 1.330, 0kt 364 1.520,

(2)FT-IR 4341 2% B A A5 0) Jr vk , RFH20 M6 4% (36 & Thermo Fisher Scientific 23 7 ) 254
TRACAI R R 325 0 ST Ly A 8 ) o0 0 R A L 5 g 8 ) A e 288 7 9% 4 A 400~4 000 em ™' 715 [l
HATLLAMCRESA R 3BT, 3 Hrke Sl LA EiE 1A

(3)SEM 5381 2% BR-FWIAE" 1 J5 i, R FH 44 H - W 1345 (Regulus 8100 H 4% HITACHI) 43 51 WL
F Ly E AR P 2 T L e AR B T P S RO 3 RO P U, 264 7 Rl S i — 2
(AR AR S IR AE S H I b, SR 5 it 2 - I SRS o D S TR AR B R e A i 9% b — 2y 4. A
i L B L T TR B THOUE A RS RN
1.2.8 oLy B A vt 3% BRI 69 AL R MK e

PASE M S5 R 15 B AE Y 5 ik FRIBUR 7] 5 £k 1% i 8 R BT, A8 110 C T4 h, BF& 1 h
YSURE I 7 B 5 i, e B B A 2 S B AR B % e M ARSI 225 SCIRI22100 T i R VRIS 0 B ik
G2 4 R ¥ A A 22 A0 F ARG T BT 8 h, BB 2 b BBORE I s B 5 i, Fe BECTR A A ST B R AR B R R B
BN BRZH o RS e M AR IR 225 SCBRI L7109 7 R TR S A BT 3 T 10 em B 5 L IR T 77
28 d, BERE 7 d BRI BT i, #e B A A SR B R R R

W R = % x 100% (4)

2

() MR b3S BT TV B, mg/mL s M, A B HE R 0 K, mg/mLo
1.2.9 Ly st BRI 9 T R A BAL 7 M e )
HRAE 225 SCHR129109 77 1A RS AE A& 00, K TR0 S BT 1 10 em K55 L TRL R 0247 28 d, BERR 7 d B
FEI 72 H DPPH H HHESTEBR 8 ABTS' H HHIEIE R 3 BK B iR e 1 (FRAPE) M F 2 5 RE T .
(1)DPPH [ FH 35 BRAE 7 A0 o MR 5K S50 7 ik, #2 0.2 mmol/L DPPH- T /K £ BE I WK
1.0 mL, 35 AZ 5 1.0 mL 0.1 mg/mL L&A SR A 10 mg/m L SR BEA RS |, BEE IV 30 min,
FERR IR 2 ; B B DPPH-JE/K Z BB 1.0 mL, JILA ZE 55 1.0 mL X6 07 A i V5 0 A0 75 500 308 v, P s
FI2H s B BOICK 2B 1.0 mL, 20 B ZE 54 1.0 mL L A - 325 R RIS 408 T3 0 A v, A R o R 2
A IAE 517 nm P AL 2 W SR, R4 T 3R A TR

DPPH [ HH L5 4% = 1 —%x 100% (5)
0

A5 A N FARIWOERE s A SRR SR B OLRE s A, S Xt BRI DG
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(2)ABTS" [ i 505 BR AR 1 i 2 o AR 5 BAE I 5 1k, LA 2.45 mmol/L 2o i FR 4 175 Y 5 91 T
il 7 mmol/L ABTS™ BRIV , #OH#E 16 h J5 (o FH 25 B F /KR BEIR G VR (L AE 734 nm WO 4 0.70+
0.01. F£H20.030 mL 0.1 mg/mL LA FEER F1 10 ma/mL {30 3 15 W 2 R AT , FEINA 0.17 mL ABTS'
TAEW , BN 10 min, VE IR I 2H ; #H 0.030 mL 0.1 mg/mL 1L 5 Mg I 25 6 A1 10 me/mL IWUBE 2% 2
B bR, NZE AR /K 0.17 mL R A5 VB R B2 s B2 1 0.030 mL XS Iy A i VAV 1 75 70 22 g pm Al L
FMA ABTS TAEW 0.17 mL, IR A5 AE 2 Fdl . S A17E 734 nm PGB, BR2HHETT 3 KT
TR

ABTS'H HILERE =1 -

F(6) 1A A VARG R s A, R FE Sl AT B 5 A, A 6] BT A TR B

(3)BRES TR B RE T AN o AR SR BUAEIY O %, B 300 mmol/L A& R 2% M . 10 mmol/L TPTZ %K
F1120 mmol/L FeCl, i W #& KL 10: 1: 1IR A, T 37 "C/ ¥ 10 min, B 75 FRAP TAE W . FREGE &
FeS0, - 7H,0 Jil 8 4L 7K B il 5 4 B N 1.6 mmol/L FeSO, B} , i B £1 5 0,0.2,0.4,0.6,0.8,1.0,1.2,
1.4, 1.6 mmol/L R 5k & FeSO AR MERTR . B 0.1 mL A [H) ¢ JE A 1) FeSO, AR MEIR TR 3 mL FRAP T
YEW, 37 “CIIV 10 min T 593 nm AR WOEEE . DL FeSO, e B M B AR bR , WG AL bR | HE 7 26 1]
U5 A%, AR B3 56 B 45 2 1] 09 5 72 ¥=0.329X-0.000 4, R*=0.996 6., H0.10 mL 0.10 mg/mL LLj A - 5%
Fii A1 10 mg/mL R BER B ANA 3 mLFRAP TAEW , 37 ‘CIV 10 min, T 593 nm M & WG, #E4T 3 K-
FPRE . K OEBEAE AR ARSI A5 2% Y (B R A4k T8 R RE 71 (FRAPA) .

(4)WERE FE A RE TR o MR T3 42 550 0 Oy ¥R A AR A& 2, B2 1 0.25 mL 1 mmol/L [ FeCl,
Y .0.5 mLL 5 mmol/L B FEIEWEIE W, 43 BT ZE 0.050 mL 4 0.1 mg/mL {4 1L A 5 B A1 10 mg/mL A
TR SR, AN 2.5 mL R 4l K B B 10 min, 76 512 nm KGR S WG BE , Tal i L EDTA Xt
MRS T2 AR R AT

R T = T 100% 7)
(7)) A R B Al ARARERE S B W A A, SRR i I TR A
1.3 #EZITSHH

RIS 5 R H SPSS Statistics 25 BAF AT G053 HT , £5 2110 R LSD L k17 2 8 LA, & il i 4 &
23K, 45 3 LY {H +F5 fE 2 (mean+SD) £ /R . DA P<0.05 253 BAH G il 243 Lo ff H GraphPad
Prism 9.5.1 £ #1722 K

2 HER59H

2.1 BRERREERSNT
2.1.1  BEM T E o R L AT R B G R R B 2 Y a

FH P 1 A] T, > T 3 I ) T £ 53 IR 1.0%0~3.0% s, L A P 2 8 Gl e 58 1) 6, 1 53 R 28k 24 et 2 B
FeThE JE T RE R S 7R BRI O 2.0% Ik B0, 38 355 3 69.0% , 2 24 f ik B 6.4% ., i
7R RE A BRAE T I 30 50 B i B RE | DA AR B AT SR, 2 T R A AR i 2.0% I L TR
FEE L R, T SO 7E BEAL IR Ve e R b R B R E LA R U BR A, DI e A S A e e 2
P S8BT R, A 3 3R 4 2Y et B 2 B AT, A MR B 2B AR 32 27.4% . RUL , 6455 2.0% Ny e AR 1)
PETR B o 7 B8
212 EAE B 5 HoT Lkt R BRI E G R e K 2 F M ¥R

H 1 2 T, 7E U5 5T 23 H0Ch 2.0%0~4.0% I T3 208 1) E 3113 2 24 e 52 L T v I B AR
B, RS 5T 50 BN 3% I, A R AR RN 2k 24 1 MR B e KA, 20 h 50.4% .9.3% . AR B 43 AR
I 3.0% J5 , AR A AN 2 1T e i) D DR AT R A o v A S IR T 2 g | R A R ST S i SO O TR I
S AFAF M TS BEGE A TR BOR LB IR . R, 545 3.0% My e i A0 55 o i 43 48

A=Ay 100% (6)
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Fig.2 Effects of calcium chloride mass fraction on encapsulation rate and drug loading capacity of flavonoid microcapsules from

Chimonanthus nitens Oliv. leaf
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Fig.3 Effects of wall-to—core ratio on encapsulation rate and drug loading capacity of flavonoid microcapsules

from Chimonanthus nitens Oliv. leaf
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Fig.4 Effects of immobilization bath temperature on encapsulation rate and drug loading capacity of flavonoid microcapsules

from Chimonanthus nitens Oliv. leaf
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Tab.2 Design and results of response surface methodology experiments

s SWAST R %(Y)/%
i R E(A) RS BT 5 £ (B) B I (C) FEBRE (D) AHRY)/%

Alginate mass Calcium chloride . Temperature of Embedding
Test number ] o Wall-core ratio )
fraction mass fraction coagulation bath rate

1 -1 -1 0 0 34.87
2 1 -1 0 0 53.17
3 -1 1 0 0 43.05
4 1 1 0 0 34.38
5 0 0 -1 -1 36.78
6 0 0 1 -1 48.83
7 0 0 -1 1 55.40
8 0 0 1 1 54.74
9 -1 0 0 -1 48.51
10 1 0 0 -1 37.23
11 -1 0 0 1 42.31
12 1 0 0 1 64.64
13 0 -1 -1 0 47.05
14 0 1 -1 0 50.24
15 0 -1 1 0 51.51
16 0 1 1 0 43.48
17 -1 0 -1 0 46.16
18 1 0 -1 0 34.55
19 -1 0 1 0 34.70
20 1 0 1 0 54.00
21 0 -1 0 -1 46.60
22 0 1 0 -1 46.22
23 0 -1 0 1 60.44
24 0 1 0 1 53.89
25 0 0 0 0 74.42
26 0 0 0 0 75.44
27 0 0 0 0 73.23
28 0 0 0 0 74.50
29 0 0 0 0 72.21
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Y=73.96+2.36A-1.86B+1.42C+5.60D-6.74AB+7.72AC+8.40AD-2.81BC~1.54BD-3.18CD-17.8 14~
13.15B8°-14.08C*-9.31D",

AR 7 224 B et S (32 3) o, AR Y () PR <0.000 1, 3 B 7 R A HL g 3 5 2 00T P hy
0.083 7>0.05, - 1E 2 EL R*=0.984 1, K IFHh5E BB R=0.968 1, il g5 ZEUR=0.913 8, HW IE5E R 5L
5P s R A 22 (6 <0.2, R IABIAILA B A7, BRER I T 2458 . @i X A B .C.D W F{ET]
AT, 25 DR 2R X A M 23 114 5 i k2 s B AR U A 1 5 VAL E (D) T E R A T dt 0 4 (A) L SAR S o i
SPEL(B) FIBERSEL(C) .

3 MEEEEFERESR

Tab.3 Analysis of variance for the response surface regression equation

T ZEHRUR Skl A ¥5J5 FA8 PAE B
Source of variation Sum of squares df Mean square F-value P-value Significant
2 Model 4 643.58 14 331.68 61.72 <0.000 1 ok
B A 5L 7150 (A)
67.07 1 67.07 12.48 0.003 3 ok
Alginate mass fraction
ST BRI EU(B)
41.72 1 41.72 7.76 0.014 6 *
Calcium chloride mass fraction
BERF 58 H BT L (C)
24.32 1 24.32 4.53 0.0516
Wall-to—core rate
IF 7E HIRE (D)
376.71 1 376.71 70.10 <0.000 1 K
Temperature of coagulation bath
AB 181.79 1 181.79 33.83 <0.000 1 K
AC 238.66 1 238.66 44 .41 <0.000 1 ok
AD 282.53 1 282.53 52.57 <0.000 1 ik
BC 31.47 1 31.47 5.86 0.029 7 *
BD 9.49 1 9.49 1.77 0.205 1
CD 40.37 1 40.37 7.51 0.0159 ok
A’ 2 058.51 1 2058.51 383.03 <0.000 1 ok
B* 1121.67 1 1121.67 208.71 <0.000 1 ok
(o 1286.36 1 1 286.36 239.36 <0.000 1 ok
D’ 562.44 1 562.44 104.65 <0.000 1 K
5% 7% Residual 75.24 14 5.37
JRAUIN Lack of fit 68.94 10 6.89 4.38 0.083 7
iR 2 Pure error 6.29 4 1.57
KL Cor total 4718.82 28
R=0.984 1 R,,’=0.968 1

Adj

HTFRRZES W (P<0.05) ;RN ZE MR R (P<0.01)

“#” indicates a significant difference (P<0.05);“**” indicates an extremely significant difference (P<0.01).
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Fig.5 Response surface plots of the interactive effects of test factors
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Fig.6  Contour plots of the interactive effects of test factors
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Fig.7 Macroscopic morphologies of wet capsules (A) and microcapsules (B) of flavonoids from Chimonanthus nitens Oliv. leaf
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Fig.8 Microscopic morphologies of flavonoids from Chimonanthus nitens Oliv. leaf (A,B) and their microcapsules(C,D)
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Fig.9 Particle size distribution diagram of morphologies of flavonoids from Chimonanthus nitens Oliv. leaf
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Fig.10  Fourier transform infrared spectroscopy analysis of sodium alginate , flavonoids from Chimonanthus nitens Oliv. leaf,

and their microcapsules
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Fig.11  Effects of high temperature (A), light exposure (B),and storage (C) on the flavonoid retention rate of flavonoids from

Chimonanthus nitens Oliv. leaf and their microcapsules
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Fig.12  Changes of antioxidant activities of flavonoids from Chimonanthus nitens Oliv. leaf and their microcapsules during storage
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