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HH(BSA) AR, B 25 4 Ak 22 50 A R A
Al - RALE, R AR A BRA R 1, 1-
TORK - R A 3 (DPPH: ) (46E>97%),
H AR oA T 24 ) 5 Hee iR 41 5 o i 4 2%
] 245 4 A Ak R AT BR A A
12 EE5EE

R-210 Jié# % 78 KA, B 120 Fa5 A B2 W) 5 10Kd
IO, L E% A A Centrifuge 5427R
& 20 A VR B O AL, 7 SCAR BB I 4y /A W UV-
2450 ZEHM-1] WAREEEETE, H AR B A A 5 Zeta-
sizer Nano ZS90 gH Kk & B AL 43 M4, JEE SR
SR AT BR S 7] 5 S—-4800 Al L T B A E, H oL
ERFA T,
1.3 RKEH*
1.3.1 MAEE L2 e aife  BOE s 8 A,
FERPR L R 1:20 fi0 A 70% & B W, K7 60 °C,
PEEC 2 h, Fh0E W L0 R 2K K, 50 CHET &
fEEE 19 3 2 ByRLEE ) PO A 2 25 B oK
e I A A P b RO IET
P 22 UK 2 M (AP DA /NEI K ) 2 BROHRRIZK AR 28 i
JE e G 7% K ,50 CHE T Z=E 8, 13 20 A kA
(PF) . S W B (DF) | 2R Z s AH (AF) (1E T P
AH(BF) FZKAH (WF) 25 .
132 Z@E& & & DPPH-EBIEHERIE R
JH Folin—Ciocalteu % L% £ F BR J br E &, I
JE &AW Z W & i 2% Tslam S 75 DU 8
KA B DPPH - W BRIEPE o B & i B s T
FBUHIAE J A BT 4 CCRY VKA OB R
Mo
1.3.3  AUAE AL 22 By 48 K JOURE B i 25 S A 31 32 7y T
E % Li AR E IR RMAE S, #F BSA M -
FRHLEE T 30 mmol/L 1B 2 25 i ik (PBS) 77, 1R
EHA BHIET 50% B BB EL A L B 1.9
mL 1 BSA—v— R LI E 5 W KB N 20 min,
B HVE I, A 0.1 mL BBV T, P g iR TR
B 20 s, TR AL 22 B 40 K BORL . HC— 22 2 A AEAE
16 22 T 900 K R B A8 08 Wk 4 B9 0,4 CTF
8 000 r/min #.0> 50 min, 15237 25 A RUHE 1€ £ B
VW, W0 U S 22 W it #ea (1) T

%7 %%A‘L‘»E‘ %%g%i
2 ()= &

1.3.4 MADAE Z By 9Ok B AN R L8 AR T
28R . PBS B pH H A 6.4 v~ R ALK 5 BSA
My BT o 4:15 BSA 5 A i el 7:1 BSA
Jo R S 2 mg/mL K IR NG Sk 80 °C., 7E H:
EHREAZMWEL T, %8 PBS (9 pH H 4 51
5.6,6.0,6.4,6.8,7.2;— R ik 5 BSA (145 & oy
B 0:15,2:15,4:15,6:15,8:15;BSA 5.4 i
BN 7:1,14:1,21:1,35:1,42:1;BSA J&
BN 0.5,1,2,3,4 mg/mL; /K I B E
43514 50,60,70,80.90 °C, #EATRAN R SLL | %
TR A% PR R 78 22 A 1L 36 f) 52 i

1.3.5  AUAE AL 22 M 40 K UL e 7 T34 76 BRI
R IR I, #55 BSA FiE KN 1 mg/mlL, 7K
TN B Sl 80 °C, #EHL PBS 1 pH(A) W Hi1
5 BSA My JE L (B) BSA 5 MR (C) R
Z R Z | DAL HR Ry [ {E | AR 4l Box—Behnken
S RN E RSP g B L e S b ) A T
MRS, IR BB T2 IR 5Kk
1,

F1 MEEKERZSKE

Table 1 Factors and levels of response surface experiment
o % B 7K
-1 0 1
pH(A4) 6 6.4 6.8
—Faik s BSA RE L (B)  2:15 4:15 6:15
BSA 5 %4 i # e (C) 7:1 14:1 21:1

1.3.6  MEAE AL 2 W 40 K JURE 45 1 F 5%

1.3.6.1 K2l Zeta LAY E  FH KA EE
FL A7 43 BT S0 AV A AE 22 B 40 K UL 14 7 4% 43
i CEYIRI AR B Zeta BT, KIS0 L K
633 nm, HLES fA 90°, i BE 25 C, W £ {4 &b AE D
P 2 min,

1.3.6.2 RGBT A 5O AL AR
1622 W 9K ORI ORI 45 . BGE B FE 26 U T 2K
FEG AT RS, Ik 5 kV

1.3.6.3 ML mEREHRXE KRE I
REAE AL 22 19 11 22 1 44 K SBORE (22 193 Wk B2 A []) 3531
TR IR R IR OGO K A 60 °C Kk K
%80 CIIREE T, # e 9h, MAEREmr. J5xt
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DPPH - 15 BR 15 P 9 25 Ak, 40 Wi £, 3 420 380G A AT 48
Z MR R S
1.4 HIESH

PR EE 3 kUL L, R IBM SPSS
Statistics 21 {4 XF 1 56 %5 4 E 47 22 55 I & Pk 4y
BT (P<0.05) , % ] Design—Expert 8.0 #F17 M 17 i
R, R Origin 9.0 1A,
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21 BERMEZHEER DPPH-FRE MY

HEAE AL 2 195 R4 ) 2% 25 B 1 22 1 5 i I
DPPH -l BRIGEPEQNIEL 1 Frs . AF Y21 % &>
(424.49+1.54)mg GAE/g, 76 M [ 56 F ik BE T
(25 pg/mL) X%} DPPH - 175 B % 4 (90.50£0.44) %,
I IR, SR AR R 25
LY %
22 MBS BMAKBAABEERZEE
2.2.1 PBS ) pH EHXf Z MM 520 & 2
i PBS 1 pH {EXF 2 M A H R g 520 B % pH (A
Y 3G AL HE S A, Y pH {Eh 6.4 il 6.8
BF AR K W T3 22 5, ks in pH
B, 30 0 25 AR, X 2 R 78 PBS 19 pH
{32 9 42 30T 25 # SN BSA 5 o 7 =2 T Y A
AR ANGE | P e AL BRSO B i B H S Rl fE
TR R A, BHAT T FE i 5 8 A ot K 5
AR 456 . >4 PBS (1 pH fHECKET ,BSA 5 R4
JBE B W 5 1 s 55, 38 43 B 1 BT LA 25 A A AE , B Bl
0T - 22 R 2 S W Y B O A PR B O R
v Dy 1% BRI, By T I 0 A 1 0T ) R AR R
T BSA—v—F R UKL A A, A A B R A
222 — RIS BSA BT X2 By A R 5
M & 3 KPS BSA S b £ A HE
R, Y —RP S BSA Fia ol 2:15 &
4:15 BF EHRE K, W E R TR F 2R i —5
P —RHK S BSA it SRR LR 5 R
WINRH RO T W E 2R R T S a0
Z A B T e FAAL 3 3 B B Uk BSA HT & 45 4
B4 ok JR T kB 2 1 0T (] A SR AR AT B
BSA i BEO, SRR BFEI T R, LW ER S
BSA-K-R il  BSA-N—-R i [1] (19 45 & 5 034
o T 54 BSA [ 45 &0 8, R T 4F gk
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Fig.2 Effects of pH value on the embedding rate
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Fig.3 Effects of mass ratio of v—carrageenan

to BSA on the embedding rate
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2.2.3  BSA 5B i HG 22 6 2R ) 5 )

& 4 S BSA 506 T 6 LR 2 0 2 S Y 52
M, >4 BSA 5.0 M Biat by 14:1 F0 21:1 B 42
HRE R, MERTREER, SMHBEARKS
(BSA 5 M R LA 7:1) A (BSA 558
o b 281,350 1) AR 5 21 %) 22 1y 1Y) A0 1 R
BAK ., JRIRAE T, AR FR B I B S A R T
BSA—v—~ 7 J5 JURL T 22 W 1 e 12, T 3 v VR B Y
SN A A AR A ] BT, DT S 5B B SR A AR
224 BSA FimkEX ZH Oy Kl S
S BSA JiT 8 e B XA A6 2 I A B R A 2, Y
BSA JEE K E N 0.5,1 mg/mL B, AL R TG G 2%
25 W& BSA Bk B — LN, 2 A
A H W AR A B ST R ] Bl B B 1 0T o o vk
3NN, B 5T AR SR AR B Y38 3 KT BB AR
RAKBYIGE Y Jones MBS HE T H -2 0
UL Y- 359 A6 A4 B A R 11 ) JOE v B B i i B
K HEM B 22 BSA o o3BT Y KUk
H A FRG K A AANH T S 0 2 8, 25 b3
£ BSA BN 1 mg/mL A b 5 223 56 Y [
E A
225 HACILR X 2 AR Em K 6
PRk 38 X AAT AL 2 A B sE e i A
A B BE (9 T e, A3 AR AE I T e, A B
BT 70 Ca AR %, AR
W], BSA 7E AL R BEAE R T 43 Cf, SR
ZIFRE LA, MRESTHE E 65 Ch &
SIS o T=  d  Eil
TGRS0 B PR T A2 A 4 A A T R A
$E5 . Yazdi FFPIEG G R IH 4 80 CHAL PR 2F
W 2 8 25 1 2% T 3R 2 AR Ak B ) A 5 A T 4
T, AR RRE T T 2 A B A LT B A
it &, i b P or A A5 1Y 80 CAE
Ry I A 1) 1 S A
2.3 HEHBTE 5 a0 oK BURL A i B2 E AR 4L K IR

I ATTREN et S ELE U I R Uk € L i
T2 mH 5B, 19 3] 2 B AL HE R (V) X H A8 i
pH(A) WK Hi g5 BSA i & b (B) fl v R HL AR
55 BSA Jii i (C) B R 250 ] )5 )5 A

Y =82.17 + 1.124 - 0.90B + 1.03C - 0.0634B
- 0.27AC + 1.53BC — 1.41A% - 2.59B> - 2.56(*
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Table 2 Design and results of response

surface experiment

WARR L R N A5 mEA mEks mkc U°
PR 38 2 149 52 A PR O BE AL B L Y 7 Sk 1 = 1 R
T E A 76 0 KT I % B .C F 5 | 0 O w0
o7 T P A A e £ T o 7 T R A B i R A A 3 -1 0 1 78.23
2 B R BT IR R e T PR 2R [R) AS ) 2 3 19 328 BLAE 4 0 0 0 81.45
M., W& B.CZRHFEWRMZTIEN, X £ 5 0 0 0 82.48
Ry e AR 6 0 ! -1 73.02
S BT, AR A 22 B 40 K IO ) ! 0 - - 7915
10 5% P S . pH=6.57 o=k KL 55 BSA T i It ; ° ! oo
3.75:15,BSA M R I 14.95: 1 fEIL A 0 0 0 0 $.52
Z AR 82.52% , 5 IE PR H L T2 11 -1 0 -1 75.42
1ER :pH=6.6 ,.— R Fi X5 BSA it kb 4:15,BSA 12 1 -1 0 79.35
MBI 1501, TR T #1478 R 13 0 -1 1 77.94
25 0L 0 R AR K 22 B 1) A 38R 5 (82.12+0.48) %, 14 1 1 0 78.70
TN T e 2 U ] A L 15 0 0 0 82.64
BT A B OE R, A P T O A A 7 13 é 8 é gg
EA Y P S A SRR i :
*3 EAEEKTE N
Table 3 Analysis of variance of regression model
7 £ R o fo f WA e FL Pk FET
LAY 105.84 9 11.76 16.53 0.0006 *%
A 9.95 1 9.95 13.98 0.0073 Hk
B 6.44 1 6.44 9.06 0.0197 *
C 8.53 1 8.53 11.99 0.0105 *
AB 0.016 1 0.016 0.022 0.8864
AC 0.29 1 0.29 0.40 0.5460
BC 9.39 1 9.39 13.21 0.0084 *%
A? 8.34 1 8.34 11.73 0.0111 *
B? 28.30 1 28.30 39.80 0.0004 *%
c? 27.65 1 27.65 38.88 0.0004 *x
5%, % 4.98 7 0.71
K B R 3.84 3 1.28 4.52 0.0896
Hig £ 1.13 4 0.28
p i 110.82 16

T o RR 28 F R 35 (P<0.01) 5% 7R 25 5 35 (P<0.05) o

2.4 HLABTE & B4R K BURL I 5 1 53 1

24.1 hife | WO R R BT TR R AR
T AT il A AU AE 22 1 94 K0k, HORE 42
T3 Zeta HLOE A OWIE 2573 5l An &l 8 i o A
HOF R4 24 (126.0+5.38 )nm, PDI 2% 0.43+0.02,

J& T3l T A B A AN K ORI L S (<311
0.42)mV , HL A7 26 X {E K T 30 mV, 3 B B 1l 45 1)
G0 K ITORE (B 2 AT AR R M A R
i T WLEE 22 W 40 K 0RO SOUE A, R K B
BRIE
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Fig.7 Response surface and contour plots of interaction between factor B and € on the embedding rate
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Fig.8 Particle size distribution (a), Zeta potential (b) and scanning electron microscopy(c) plots

of loquat flower polyphenol nanoparticles
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of biopolymer nanoparticles created by heat treatment

Studies on the Preparation Process and Characteristics of Loquat Flower
Polyphenol Nanoparticles
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Abstract In order to improve the stability of loquat flower polyphenols, bovine serum albumin (BSA) and v-carrageenan
were used as wall materials to prepare loquat flower polyphenols nanoparticles by heat treatment. Single factor test and
response surface methodology were employed to optimize the preparation process based on the embedding rate of polyphe-
nols. The characteristics of nanoparticles prepared under the optimal preparation process were studied. The results showed
that both polyphenol content and DPPH- scavenging activity of ethyl acetate extract of loquat flower alcohol extract were
higher than that of other organic solvent extract, and it was used as core material. The optimal preparation process was
as follows: the pH of PBS was 6.6, the mass ratio of v—carrageenan to BSA was 4:15, the mass ratio of BSA to core
was 15:1, the mass concentration of BSA was 1 mg/mL, the temperature of heat treatment was 80 °C, the embedding
rate of polyphenols under this condition was (82.12+£0.48)%. The average particle size of polyphenol nanoparticles was
(126.0+5.38) nm, the polymer dispersity index (PDI) was 0.43+0.02, the Zeta potential was (-31.1+0.42) mV. Analysis
of scanning electron microscope showed that the particles were spherical. The DPPH- scavenging activity of loquat flower
polyphenols could be preserved better by embedding treatment, and the stability was stronger.
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