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Table 2 Experimental scheme and results of

response surface method

iE 47 Y, 83 VYV, &%

IR A AEA REE REC %1% =/%
1 -1 -1 0 82.135 32.688
2 1 -1 0 84.256  29.107
3 -1 1 0 82.241  31.238
4 1 1 0 83.834  28.774
5 -1 0 -1 83.467 30.810
6 1 0 -1 85.675  30.041
7 -1 0 1 80.677  29.820
8 1 0 1 83.812  25.304
9 0 -1 -1 83.167 31.312
10 0 1 -1 83.127  30.125
11 0 -1 1 84.316  30.170
12 0 1 1 78.309  27.677
13 0 0 0 86.818  38.300
14 0 0 0 88.181  37.635
15 0 0 0 87.656  38.706
16 0 0 0 87.866  38.453
17 0 0 0 87.185 37.898
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Table 3 Significance test and variance analysis of regression equation

FAERR QIEE/BHBE 7 A= SS B WL df ¥ 7 2 MS F i P1a hrAEatlcd
il 0,38 3 111.61 9 12.40 15.13 0.0008 wE
BHE 290.74 9 32.30 123.34 <0.0001 o
A @38 3 10.25 1 10.25 12.51 0.0095 wE
BHE 16.05 1 16.05 61.27 0.0001 wE
B 0,38 3 5.06 1 5.06 6.18 0.0419 *
BHE 3.73 1 3.73 14.24 0.0069 o
C 0,38 3 8.66 1 8.66 10.56 0.0141 *
BHE 10.85 1 10.85 41.43 0.0004 wE
AB 0,38 3 0.070 1 0.070 0.085 0.7790
BHE 0.31 1 0.31 1.19 0.3113
AC @38 3 0.21 1 0.21 0.26 0.6244
BHE 3.51 1 3.51 13.40 0.0081 o
BC @38 3 8.90 1 8.90 10.86 0.0132 *
BHE 0.43 1 0.43 1.63 0.2427
A? 0,38 11.10 1 11.10 13.54 0.0079 wE
BHE 77.38 1 77.38 295.45 <0.0001 o
B @38 33.04 1 33.04 40.32 0.0004 wE
BHE 50.40 1 50.40 192.43 <0.0001 o
c 0,38 3 26.53 1 26.53 32.37 0.0007 wE
BHE 101.83 1 101.83 388.79 <0.0001 o
&k A 0,38 5.74 7 0.82
BHE 1.83 7 0.26
& R 0,18 3 4.56 3 1.52 5.16 0.0734
BHE 1.09 3 0.36 1.97 0.2609
g £ 0,38 1.18 4 0.29
BHE 0.74 4 0.19
B E It 0,38 3 117.34 16
BHE 292.57 16
RS R*=0.9511 R*,,;=0.8883
BHZ R*=0.9937 R?,;=0.9857

% P<0.05;%*. P<0.01,

T B PR 2% 6] 0, 24 25 R 28 24 ik 1) 52 M IR 345K 1A >
C>B (504 I He>pH {E >5¢ B b i 4y
0.

8 Ay i o 1 AN 3 A K, kAT
MEdE M, 2 A B.C 3 DR 2% 9 0 52 B AR
LEPM G 34 25 52 W (14) 45 2 2% [ o) oz 1 1] . H 5] 8
AL, ZE B.C W 3D P4 BE L H 45 i 4 T S A
BR, U 2 N RS BAE R, 53 3 45 %
AH—3, H X LFPM {3 AT 3 5

K9 Ay i Hod 1 AN 3 R K, 23
A B.C 3 RPN AR AT LFPM 2k 24 & 5% 1)

945 e R RN N R, R T, BRIER A LC
1 3D I BE H A o 4 2 A BRAR B a2 4>
R B3¢ BARE I 45 63k 3 45 B ZR A €
X GG 4 A 2 A W S

233 BiFIRKE R Design Expert 8.0.6 i ff
IFTAR A N R B KT A RIK S S B T
H1.06:2,B; SCEMEFEECH 0.19%,C:pH 1A
4 5.93, IL B LEPM 1) £ HE %Ol 87.69% , 48 2 &
N 3827% ., AT SEBRERAE M EHE K e A & T
BB RIS EM BRI 1:2, 52 R b
TR E0N 0.19%,pH {4 5.9,



214 oE g S W 2025 4E45 140

(URLES

(RS
Embedding rate/%

I~
S
S
5

Y ec\’“\

(b)

[URLES [UBLES (URLES
Embedding rate/%

Embedding rate/%

%0

%0

B 5EHMET i 5 4L
Chitosan mass fraction/%

T T T T T T
100 s o 050 100 a0 a5 0% 0% 100 “ a0

A RS L A RIS TR B 5B IR 5L
Pectin to core mass ratio Pectin to core mass ratio Chitosan mass fraction/%
(d) (e) (€))

B 8 &EZEXEERAEIE RN E

Fig.8 Response surface of the impact of the interaction of various factors on the embedding rate

&

ezt
Drug loading capacity/%

2

Bk
Drug loading capacity/%

8.
Chy,° 050
I[OS‘?II m, ﬁl% 42 [R=h Tall® o a0
asg fQj.?L_%f? A % core
ey, w0
o, /ey ve

(a) (c)
- Az A

B 5EHME T i 5 4L
Chitosan mass fraction/%

A RIS M B A RS L B: FEHMET i 5 4L
Pectin to core mass ratio Pectin to core mass ratio Chitosan mass fraction/%
(d) (e) ()

B9 FEHEXZE/ERAXHEER WAL E
Fig.9 Response surface of the interaction of various factors on the influence of drug loading
KM T ESHEAT 3 W T, WA DB SR 2ZE00 0.03%, Fit, >R A BBD Wi i
LFPM #4234 5% 5 (86.98+0.25)% , 5 B AN 1l i 90 45 21 il % LEPM B4 Sz 0 T2 5% P o nl
BREAN 0.71% , 51N (38.24+0.49)% , 5 4, HERE Gk, BA SR i



25 1

MACTE % By IR E AR & T AR AR 215

2.4 LFPM M B RIZ 51T

[ 10 >4 LFPM fy SEM 554144 &, LFPM 4}
WS AL Bk, 26 A RO, T8 4E AR B4 | i
FEAE— LB A, HE T BB R R T M 4 Ak 34
Ji B e WK A3 R T S 8, X TR AR ST, %
il 53 L (& 11) , LEPM fRLAR 43 A 7E 2.83~6.54
wm 22 [8]SF SR AR 4.92 wm, B AT 7E S A
TNl LEPM BRLAR 3 A5 3950 A itk 4
2.5 LFPM Ky 5ME R URIEM

B 12 R AR SN Ak X LEPM B il 3 (1) 52
Wi, N 12 0 LAFE HY LFPM 76 T B W b i B ik
BN, 4 6h BWALIHLE , LFPM 21T R
IR E 19.59% , AT 2k a5 m] 1L LFPM 76 A
T bt B B CE RTER, 7EZ4 1 h I AR
PUHAIE , LFPM R B R T 35 2] 69.65% , 11
i 7 R B CRALA 8.4%,6 h J& ,LFPM 2Rt
FEHCRIA 5 82.53% , F L AT UL, LFPM 78 #5480 fi7 i
TR GRS, 3X )RR R T AR Y RE A LA
pH 1 7 AR | TR 358 2 ) 5 o SROBE (R 45 5 U
% pH ™ 1€ pH 2.0 A T B % H
WP H 2 5 e 4 A1 2 (W 58 SRR S &, bk im
U955 PO 48 B A2 Y S R ULRLZ 1T V6 5 T
BERAE TR M IR h 25 M AR AR R A K, DA
AT 25 53 A2 B R, 76 pH 7.4 45
PR e R &5 7 & B AL, 5
TR B ) 248 5 TR R 555, BT DRI A 110 S BB 4 FE R
KEEAG, T B e 1 JEREAR S ) & Ak, HL
it 25 B[] A S S b 22 0 A R
2.6 LFPM HIF&EEEMH

) 2 BAT Z R A s, SR 5 2 A
PR 2R o' IR I B s ) AR e R AR 22 W B Bl
N, B 13 24 LFP LFPM £ A R 30855 5 0 R 14 22 i
PRERZER ME 13a AT, Bl 5 I R E K 7R AN
i) (90 B 46 44 F ,LFP .LFPM 1Y £ B {4 B8 K 1 3%
W, HAER — AT, LFPM Z B B %
¥ T LFP OGRS MG 258 7 K MiE e 2
B 1) U8 B8 R 71.75% , AUAE A6 22 B S0 4 11 7 B3
RN 93.42% ML T IE IR EE BT, A
KA 8w DR B 5, 00 il A 83.53% 11 95.39% ., LA
ARV EOCH A R T 2 B A, H 2
2o BEAF AL SRR M KRB i AT A 22 1 1

E 10 LFPM A EEE
Fig.10  Scanning electron microscopy of LFPM

40

N
KRz
= £
8
&
[ 0T VRN TR
25 30 35 40 45 50 55 60 65 7.0
(DYELS TR
Microcapsule size/pm
11 LFPM #i12 5 75 &
Fig.11 Particle size distribution of LFPM
100
80
I
T
W = 60F
B —— it
5 2 —o— JiAi
%5 oaf
&
20
0 .
0 1 2 3 4 5 6
I 11)
Time/h

12 LFPM {fR5M 378 5
Fig.12  Simulated release in vitro of LFPM

I 4 R 85 A7 R 22 W 0 P A

& 13b 4 LFP 1 LFPM 78S [R) B T 22 {4
PRI A Bl R R AN B (R) B 22 4K LFP  LFPM
(1) 22 Wy {4 B8 S 5 i i T B, BLAE TR — IR A& F T,
LFPM £ M {3 B ¥ & T LFP, £ 4 CHF,7h J5



216 hoE g

ol

2025 4E5 1 1)

LFP Fl LEPM {3 B 253 51 28 97.44% Fl 97.6% ,
Ul AT 2 22 1y B A e 8 AE IR UL PR 58 F A g 7E
25 CF,7 h J5 LFPM [ % B R4 LFP 2 5 T
2.48%, 1€ 80 CH} ,LFP Z By {1 B R AL N 55.51%,

—=—JLHALFP  —A—JELFP
100 - —e— JHLFPM  —v— ELLFPM

95-%
"

90

85

80

e
Retention rate/%

5

70

AT

T2 3 4 5 6
I 8]
Time/d

(a)

i LEPM ({15 B RN 75.66% , 4215 T 20.15%., LA
R AR R R T 2 5 At e, B 2 15
Sy tE I T A, SR S T
A6 22 B 1) 08 8 1k

—=—LFP (4°C) —A—LFP (25°C) —&—LFP (80°C)
—e—LFPM (4°C) —v— LFPM (25°C) —<—LFPM (80°C)

100
L WF .
IS e
E N
M E 80F N
B g ~.
KE qf N
i) A
= ’
60 |- N
~
50 . 5
1 2 3 4 5 6 7
I [R]
Time/h

(b)

B 13 ARExE(a)BE (b)&Z M43 LFPM B2 E N
Fig.13  Effects of different light (a) and temperature (b) conditions on the stability of LFPM

3 HFHig

AR R B FLE | LA | Vi 38 R o A 2 R
WEAE R A REM, 256 20 22 R 1 T 3K 55 A5 3]
AR AL 22 1 i 3 e Al 4 1220, SRR 5k
N 102, TG SRR I i S B0h 2.0% , 5¢ TBE T
HATECN 0.19% , FHALES T8 0 B0 1.5% ,pH {E
h 5.9, B AT il £ RS #8403 % (86.98+
0.25)% , 3825 5 (38.24+0.49)% , 1t T [ il 45 I
e ORI BE B BT A 3 SR 2 0 2 2 2 A £
PV A 3 Ao 41 i L B AR AR A3 BT, AR AR 2
Ty Ak i A ST DL BRIR , R T I 244 S TS P
A% R (4.92+0.74) pum 53 BT I SR A AR UL B o T
TR HCR AR AL B 6 h S L TEE B
I BCR 9 R 19.59% 1 82.53% , 3% 5 [7] il
BTN M AT R R B PUR I
JIE 1 AR AR A AR S AL, H LFPM HA
F DA O A s R TR R A il &
1) B0 2 PT HR A OR AP S M 2 1 2 8 TR R i, B
A T 0 ) 22 R AR s A, B M G 4 SR 1
WAL 22 B 20 5k Tl B e AR A B ), I e M
SR A BT 25 b AR T2 R H U
P T AR AR 2 B 1 2 B SRR e 1, i A
AR AL Z By R 22, S AEAT AL K AE ) £ B A
= S TT & K AR E T 255

& % x #t

[1] LIU Y L, ZHANG W N, XU C J, et al. Biological
activities of extracts from loquat (Eriobotrya japoni-
ca): A review[]]. International Journal of Molecular
Sciences, 2016, 17(12): 1983-1998.

2] Ewf, britd:, Bz, ML AL or J H 25

YERWEgE#E ()] Pz, 2019, 41(12):. 2977-
2981.
WANG H H, RUAN H S, CHEN Y. Research
progress on chemical constituents and pharmacologi-
cal effects of Loquat flower[J]. Chinese Traditional
Patent Medicine, 2019, 41(12): 2977-2981.

[B] #WrE, BB, U2, 55 MU IEZ W 91K Bk

i # L 20 h HRR TSR], Th R R, 2022,
22(5): 211-218.
XIE Z Y, XUE C, WEN Z H, et al. Study on the
preparation process and characteristics of Loquat
polyphenol nanoparticles|[J]. Journal of Chinese Insti-
tute of Food Science and Technology, 2022, 22
(5): 211-218.

[4] FkZF, WdAK, B, & TiEORASIE w2
WA E KA GE DL h R, 2012, 12
(4): 202-207.

YAN Y F, GUO C J, SUN J, et al. Identification

and content determination of phenols in Ninghai lo-



25 1

WABTE % B I 0 ) & L L B A AT R

217

[10]

[11]

[12]

quat[J]. Journal of Chinese Institute of Food Science
and Technology, 2012, 12(4). 202-207.

HUANG G L, MA J J, SUI S Y, et al. Optimiza-
tion of extraction of loquat flowers polyphenolics and
its antioxidant and anti-polyphenol oxidase properties
[J]. Bioengineered, 2020, 11(1): 281-290.
AHMADIAN Z, NIAZMAND R, POURFARZAD A.
Microencapsulation of saffron petal phenolic extract:
Their characterization, in vitro gastrointestinal diges-
tion, and storage stability[J]. Journal of Food Sci-
ence, 2019, 84(10). 2745-2757.
AGUIAR J, ESTEVINHO BN, SANTOS

croencapsulation of natural antioxidants for food ap-

L. Mi-

plication the specific case of coffee antioxidants: A
review [J]. Trends in Food Science & Technology,
2016, 58(1): 21-39.

ZHENG L X, DING Z C, ZHANG M L,
Microencapsulation of bayberry polyphenols by ethyl

et al.

cellulose: Preparation and characterization[J]. Journal
of Food Engineering, 2011, 104(1): 89-95.
ALTAKBARIAN B, SAMPAIO C F, FARIA D T J,
et al. Optimization of spray drying microencapsula-
tion of olive pomace polyphenols using response sur-
face methodology and artificial neural network [J].
LWT, 2018, 93(8): 220-228.

AR, DA, AL, S WA A R
Z W T A i TR, 2019, 40(15):
155-160, 291.

SHI J W, MA C L, LIANG J Q, et al. Optimiza-
tion of the processing technology of apple—polyphenol
microcapsules by response surface methodology [J].
Science and Technology of Food Industry, 2019, 40
(15): 155-160, 291.

WG, WET, R, . BN AL O UK
BB w8 B R RSE M 5 BRI B IR )], B Lk
FH4Z, 2019, 40(14): 174-181.

MENG X Y, ZHAO Y Q, LI Y K, et al. Prepara-
tion of anthocyanin from Hibiscus sabdariffa micro-
capsules and evaluation of stability and release[]].
Science and Technology of Food Industry, 2019, 40
(14). 174-181.

KOO, A%, RN, % BB RURER
il & LA S FERe e B 0] B A Dk B 4,
2021, 42(23): 201-208.

ZHANG H H, CHENG X A, LI J J, et al. Opti-

mization of preparation process of lichi polyphenols

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[21]

[22]

microcapsules and its characteristic analysis[J]. Sci-
ence and Technology of Food Industry, 2021, 42
(23): 201-208.

GONG C, LEE M C, GODEC M, et al. Ultrasonic
encapsulation of cinnamon flavor to impart heat sta-
bility for baking applications[J]. Food Hydrocolloids,
2020, 99(17): 105316-105323.

FAN C, GUO M L, LIANG Y F, et al. Pectin—
conjugated silica microcapsules as dual —responsive
carriers for increasing the stability and antimicrobial
efficacy of kasugamycin|[J].
2017, 172(3): 322-331.
ZHANG Y L, YIN C P, KONG L C, et al. Ex-

traction optimisation, purification and major antioxi-

Carbohydrate Polymers,

extracted from

129

dant component of red pigments
Camellia japonica|)]. Food Chemistry, 2011,
(2): 660-664.

XU P B, WU J C, ZHANG Y, et al. Physico-
chemical characterization of puerh tea polysaccha-
rides and their antioxidant and a—glycosidase inhibi-
tion[J]. Journal of Functional Foods, 2014, 6(2):
545-554.

YANG J, CHEN J Y, PAN D, et al. pH-sensitive
interpenetrating network hydrogels based on chitosan
derivatives and alginate for oral drug delivery [J].
Carbohydr Polym, 2013, 92(1). 719-725.
TANZINA H, CAROLE F, AVIK K, et al. Algi-
nate based nanocomposite for microencapsulation of
probiotic: Effect of cellulose nanocrystal (CNC) and
lecithin[J]. Carbohydrate Polymers, 2017, 168(11):
61-69.

ZHANG R S, LEI L, SONG Q Q, et al. Calcium
ion crosslinking alginate/dexamethasone sodium phos-
phate hybrid hydrogel for extended drug release[J].
Colloids Surf B Biointerface, 2019, 175(6): 569-
575.

HILL M, TWIGG M, SHERIDAN E A, et al. Al-
ginate/ Chitosan particle—based drug delivery systems
for pulmonary applications[J]. Pharmaceutics, 2019,
11(8): 379-390.

ROMO I, ABUGOCH L, TAPIA C. Soluble com-
plexes between chenopodins and alginate/chitosan;
Intermolecular interactions and structural — physico-
chemical properties|J]. Carbohydrate Polymers, 2020,
227(10): 115334-115345.

WA, TRaI, ARYE, AR R BCE/RT R R UK



218 S SIS = T SO 4 2025 R4 1 1]
PR AR AT M AR ST B T Rk, and characterization of slow —release microcapsules
2021, 42(18): 209-217. containing porous corn starch, sodium alginate, chi-
ZHANG Y J, XU J S, ZOU B, et al. Preparation, tosan and grape polyphenols[J]. Chinese Traditional
structural analysis and properties of naringin/limonin and Herbal Drugs, 2016, 47(13): 2252-2259.
microcapsules [J]. Science and Technology of Food [26] SR, AeAk=z, XINHE, A, W AEAEH 3R U 2
Industry, 2021, 42(18): 209-217. B MM T[)). B a5 R EE T, 2019, 45

(23] #0538, XUSCEE. BLAL Wl & o i 2 1 5 W ol ke 22 (23): 109-114.

B FORE M A SR [)]. BUAR B R, 2013, 29 GUO N, ZHU G L, LIU X Y, et al. Preparation
(2): 297-300. and characterization of blueberry anthocyanin micro-
YANG F L, LIU W Y. Microencapsulation of capsules[J]. Food and Fermentation Industries, 2019,
flavonoids compounds by piercing method and their 45(23): 109-114.

release in wvitro[J]. Modern Food Science and Tech- [27] YOUSEFI M, KHANNIRI E, SHADNOUSH M, et
nology, 2013, 29(2):. 297-300. al. Development, characterization and in wvitro an-

[24] XVRAME. VERy A5 2 Wy 20 A 1A i B ol B X S inobl tioxidant activity of chitosan—coated alginate micro-
SRR [D]. o8 . VL K%, 2018. capsules entrapping Viola odorata Linn. extract [J].
LIU T Q. Construction of starch —tea polyphenol International  Journal of Biological Macromolecules,
complex and its effect on postprandial blood glucose 2020, 163(5): 44-54.
response[D]. Wuxi: Jiangnan University, 2018. [28] LIU L, WANG Y, XIE H, et al. Enhancing the

[25] FléZE, Frbly, THME, 4 FRZAIER-IF R antioxidant ability of Momordica grosvenorii saponin
T 1 — 7 SR M — 81 7 22 I % TR 0 08 11 i) 4% B2 SR AE (). to resist gastrointestinal stresses via microcapsules of
Ry 2016, 47(13): 2252-2259. sodium alginate and chitosan and its application in
LIU X T, XU Z C, WANG T T, et al. Preparation beverage|J]]. Beverages, 2022, 8(4): 70-79.

Studies on the Preparation Process and Characteristics of Loquat Flower
Polyphenol Microcapsules
LIU Fenfen', PU Shoucheng', ZHAO Wenliang', XU Lishan'*
(College of Life Sciences, Zhejiang Normal University, Jinhua 321004, Zhejiang
*Zhejiang Provincial Key Laboratory of Biotechnology on Specialty Economic Plants, Jinhua 321004, Zhejiang)
Abstract In order to improve the utilization and stability of loquat flower polyphenols, pectin, sodium alginate and chi-

tosan were used as composite wall materials to prepare loquat flower polyphenols microcapsules. The preparation process
of loquat polyphenol microcapsules was optimized by single—factor test and response surface analysis, and the apparent
properties, in vitro slow release effect and stability of the microcapsules were evaluated. The results showed that the lo-
quat polyphenol enriched by macroporous resin had higher polyphenol content and biological activity, and was used as
the core material of this experiment. The best preparation process of pectin assisted embedding for microcapsules was as
follows: pectin to core material mass ratio 1:2, sodium alginate mass fraction 2.0%, chitosan mass fraction 0.19%, calci-
um chloride mass fraction 1.5%, pH 5.9. Under these conditions, the embedding rate of microcapsules was (86.98x
0.25)%, the drug loading was (38.24+0.49)%, the average particle size was (4.92+0.74) m, and the shape was near-
ly spherical. After 6 h of simulated gastroenteric fluid digestion, the cumulative release rate of microcapsules in stomach
and intestinal fluid was 19.59% and 82.53%, respectively. In addition, the temperature stability and light stability of lo-
quat flower polyphenols were improved after microencapsulation. The microcapsules prepared by this process can improve
the slow-release and stability of loquat flower polyphenols, and improve the utilization rate of loquat flower polyphenols.

Keywords loquat flower polyphenol; microcapsules; response surface methodology; slow release; stability



