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PR BB AT BRA W Ry B8 (), 1
2GR ML G A BR A R LI s B (Ll =
95%) , b RO % B A HEE(1:3 000) |9l
(USP %) , BT T35 A BR 2 | 5 He e JepLi ) 34
W F ] 24 8 AL 2 iR A BR A )
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Prominence LC-20A & % AH (53 R 48, H
A Shimadzu A FR 2 7] ;Nano ZS 90 B & K k7 & |
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SYEAT AN, EE AT 5 AXS A R ] F-7000



104 hoE g

ol

2025 4E5 1 1)

BT, HARH LA,
1.3 BEABEEANKFRMNG S

30 S A0 I R 1 o A 1 B R 1 A R U
B EORBEE B R AR SEELL 1:20 (mim) T
80% (VIV) L BEAK W, 78 43 1+ (800 r/min),
FEFLLL 1:4(VIV)IZ R IAK (pH 4.0) 58
e J5 dk B4 P 60 min,, il FH €SS 78 & AXTE 50 CliE
7% 30 min f5 , YA 4 000 r/min & .0 10 min, B &
WA E E AN 199K R, HEER
BEfC R R K S BN LI B E H 9K
ORI 2o 3 B T 80% 1 LB W Y, St
SYIRENG HE 1:4(VIV)ZTE A 4 Fh 8 K IR
e, HAREAER B, B E T 4 ChE A,
Pl AE T 2V R T R

W T AR f 40 B A 44 A ZRNP (F K B 28
YK ikL ) (CRNP (i 8 1 BR GM 40 K kL ) SRNP
(KEEEAYOKER) WRNP(FLE 5 B E A
YURIIURL) o H T LR B G A A
A A TR IR
1.4 BEAEEANKFRINRL
1.4.1  RiAR N Zeta BTN E  BE G 2088 4
VI R e B B KN D w2 B S ) o 1A
FEAC R R AR | 2 4 M 48 0 (PDI) T Zeta
HL A FR B A GO 7 i e, RS S R R
B EDEENE 3K,
142 HAEPEAHMERMINE 2% Syahdi
AU P B I A T R RO €
(HPLC) 2514 it 3 A 0.19% H R HE 2K (V/IV)
NG 5 LA 7525 (VIV) #4755 B2 BE L 5 €295 A
Waters C18 #£ (250 mmx4.6 mm,5 wm); ji # 0.8
mL/min; F: & 35 C; #EFE & 5 wl; & )% K 306
nm; 73 AT I ] 20 min; #E A E T 4 CF, HEEM
A S 7E 0~50 pg/mL Y5 Bl P L 4Pl 6 22 AR 3G
W T BN A o v B O SR AR i & R =
43970x-18.81,#HC R EL R* 7 0.9995

W 45 85 AR K 2 O A Millipore 68 38 25 .0
B (3 ku) B0 10 min DL 2 Ui 25 142 EE %
Ui 5 1 2 I 5 DR O 4 ) R B R S AR
i 0.22 wm JENE , 4 HPLC 43 M7, 43 3 0 A5 B & v
22 P B 0 U 5 D K B, R (Encapsula-
tion efficiency,EE) A & 1 2 % (Load efficiency,

LE)IFEWT,
_ M-M,
EE(%) = X, x100 (1)
_ M-M,
LE(%) = T %100 (2)

%A MO R R A e M, R
Rt T B U S A g ML, R T A R
FI 22 5 B TSN A, g s M oA il 4% 3 R T ) B Y
S pe.

1.43 2% (FS) FEMhAMaKmBEEEA
R R 0.5 mg/ml, @ik F-7000 7661
T2 13 8 % 9% K 280 nm, & 5% K 290~500 nm),
FHEHEFE 1200 nm/min, FHEFEIFE 1 nm, #0k Pess
5 nm, ZH AN 5 nm,

144 (ER AL INEE (FTIR) 8 T 40K
ORI BB B AR AR T, R TR AL S 2E P AR
i 38 3 FTIR D63 4 53 Hr 1. 20 [l 4 000~
600 em™, 73 FFR 4 em™, SKFE 32 1K,

1.4.5 X SFFLATH S (XRD) B R T RE B AR
i XRD 43 A1 e ff AR A 55 BI04 3L e 40
kV, HL 7 100 mA , F1 4 3 B 0.05°/s, 14 117 5 £
20, AL 5°~40°,
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1.5.1 INFOGEST #t &AM A 77 1 Hi4l
B {H LW (Simulated gastric fluid , SGF) F1 /N7 16
AL (Simulated intestinal fluid, SIF) (¥ Bc 1 a0 2 1
iRt

PR AR i 38T A0, T 1) 10 mL A
H A 8 mL SGF,0.005 mL CaCl,(H)0),, # pH
HZ 3.0 J5, A 2000 U/mL 5 & 1§, finkE 4k
% 20 mL, B T 37 CHR %K 46 1 LA 200 v/min 53
SR N 40,80, 120 min,, 2 W5 7] 20 mL & 64
A 16 mL SIF,0.04 mL CaCl,(H,0),, 74 pH {&
£ 7.0J5, A 100 U/mL LA K 179.45 mg 0
b mABAiK & 40 mL, & T 37 CHR G M,
P4 200 r/min 4351 5 160,200,240 min,

1.5.2 FEE P EERECR A TUE B ) ] B ) A
PUE WS AR RE S, I IR pH A IR S
THAAT R o T 45 il V1 Al ik A v R T 1 i 2
B i, J7VRIR) 142 71, IR BEREHCRIT AN
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Table 1 Compositions of simulated gastric and intestinal digestion fluids

B F i SGF(pH 3.0)

AW % SIF (pH 7.0)

S WK JE [ (mol/L) - -
# % 0.4 L/mL R JE/(mmol/L) H 4 0.4 L/mL W/ (mmol/L)
KcCl 0.50 6.900 6.90 6.80 6.80
KH,PO, 0.50 0.900 0.90 0.80 0.80
NaHCO; 1.00 12.500 25.00 42.50 85.00
NaCl 2.00 11.800 47.20 9.60 38.40
MgCl,(H,0 )6 0.15 0.400 0.12 1.10 0.33
(NH,),CO;4 0.50 0.500 0.50 — —
HCI1 6.00 1.300 15.60 0.70 8.40
CaCl,(H,0), 0.30 0.005 0.15 0.04 0.60
W “—" IR SIF A IZER R 2
RES(%)— ]‘})]WI XlOO (3) %/D 30 mln,@i(%(&(ﬂ”%ﬁﬁﬁ@?ﬁi,ﬁ%

b M, R R T A R b R i S 1 B
PR L g M, SRR ST AT BRI U S
e My, R SR TE AR TR B i g
1.53 ARMBEHCE 2% Jarunglumlert 177
ﬁ%,@%m~M%@%MEﬁ%ﬂﬁ*ﬂm%
Wi B & FL R (Free amino acid ,FAA) & &, LISk
PEAG R AR R T o Hlmﬂ%%:%&&
5 1 mL 0978 6 £ 5 R 4,8 000 t/min & > 10
min , DLITHE H P A 8 71 AR 4K, B 200 wlL
FWEBE 600 pL 0.15 mol/L i = i % ¥ A1 200
pL 0.4 mol/L ZMREMZE MK (pH 5.0) IREG )5, 7E
80 C T E 30 min,, 8 o BAR U AE P4 570 nm Ab
WSRO, FERh R B EER S EERSS
HCL W (pH 2.0) TE7K il 8 IR &, 78 105 CIn#k
24 h JEIRE  HRAE G B X R bR o B
bR E 28 0 y=6.1115x+0.0024, 15 R % R?
7 0.9982, FAA BRI QR

FAA(%O__};XIOO (4)

L B, SRR T A A AR R T i S R
TR & i, me; PR AE S IE ALV P BB R % & mg
1.5.4  DECHRAPEARAE  WOER T R (R] [ B ) 4540
B WE AR, SOBAUKFE R R A R
9 0.5 mg/mL, il i F=7000 %¢ 56 6% AL &1, Iy
BeA 1.4.3 95,
1.5.5 AW Kt 2% Gan FMM T K
S IS A] [ B (9 452400 15 17 8T8 AR A A #E 10 000 1/min

[[ 1.4.2 75, A9 0] KAk (Bioaccessibility , BC) 1155
mr,

mmm:%%@mm (5)

T*ﬂhﬁﬁmﬁ%FL@@*ﬁ% i (1)
s My AR TH A ET I RE Y U S A,
g%ﬁﬁmﬁ%@*ﬁﬁF%%ﬁ%&&

1.6 HiELE

JH Origin 2019 %4 317 248 M K18 53 B
SPSS 19.0 ¥ Ak 47 77 22 53 1, Duncan 5 5 J7 7%
(P<0.05) Xt 45 SR L AT 25 P70 A7, B A R i 249 °F
e 3 I,

2 HR5HW

21 FAEZEAXAFEHERGK B R ERN M
2.1.1  AN[ER FORE 2R s T 4 oK JB0RE R 42 PDI
I Zeta BLOLIGFEIT QN3 2 Fr/R, 45 BE S 5 2 40
KAR ZR B 431, Horp ZRNP /1T R4 s K 1
T S 70 2 i B 3k 2 rhOE ki 42 (102.67+0.23)
nm - H. 58 2 72 78 (PDI<0.3) Ay WUkE | 3% o 158 B H:
BAR R A A, WRNP RG> 5 &
FI Rl ARG, AR kIR R e e 25 . AR
FH T K PR 85, B B RORE A% (200~300 nm)
(R JIURE ., 25 8K 11 55 Ha S I 7E 4.5~5.0,ZRNP 7E iR P
EE N R AT, AR AT T &
1 5975 7 e, Horp ZRNP 5 CRNP (1) HL A3 4
XA R, XA F T 90K BBORLAE 2 100 1 Fa
TEAFTE
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Table 2 Effects of different proteins on resveratrol EIEE ﬁﬁ@}ff[zu, B 0 TC IR G  KAR &

e L LS A IR B D . 3 2 300 i B

e B PDU GBIV Rk 0 1A L B9 %

ZRNP  102.67 £ 0.23 0.27 £ 0.03° 26.23 +0.72° U B AT DU FE 0 T R R R4 T v

CRNP 374.15£10.35* 0.42+0.06® -20.77 £ 0.59° BOFE T 0 RE 5 o BN 400 4 o L BT 72

SRNP  268.10+6.22" 036 £0.05" -13.90 £ 0.87" ) 4 Ve ) 1) W, AR 5E 2k O U8 B0 A
WRNP 123.23 £27.94¢ 0.47 +0.01* -19.20 + 2.95¢

e AR TFEE R R A A — 35 B P R [ A B 2R R 2 B
FE 2R (P<0.05),

2,12 AN[RVER X 1 2 P A oK Ok B M R Y
S H AT R TR S R, — 2
KB VBRI ZEEL, 1 28 SR A B /AR
TJE ¥ s B9 1 R B AL % 48 HPLC 8558 4h
430 BE I s H 2 B B Y IR
2] BE i A O A0 BT 7R 9 K URE PN B 1 1 2 e o

HPLC = [F)0 2 11 22 2 B 6

W% 3 s, 485 0 38 I 4 R
ZRNP #cf, 7] ik (89.23+2.05)% ,CRNP Ik 2 , J
(81.89+3.10)%., iMii SRNP Fl WRNP ] iy F H: i it
JEE 22 R RS I A W) SR A
PR R oy AR RER A TR, R H
RMGAARFIHAL, SR T A2 B Y] &
PR ARSI R R, BT X 25 G
J7 LA RO AR AR — 2P R 5T

®3 AEEEVMEREAEAKRTHNEHERGAHENIZMN

Table 3 Effects of different proteins on encapsulation efficiency and loading efficiency of resveratrol nanoparticles

& 5 B R % R (wg/ml)

& , . b /% B AR 1%
ZRNP 492.15 = 13.05* 46.02 +5.17" 89.23 £ 2.05* 425 £0.10*
CRNP 502.43 + 14.67* 91.45 +13.52¢ 81.89 + 3.10* 3.90 +0.15*
SRNP 422.81 +9.67" 32.07 £9.15¢ 78.15 £ 0.10 3.72 +0.01"
WRNP 271.82 +45.14¢ 17.68 + 5.00¢ 50.83 +17.31°¢ 2.42 +0.42°

T AN A B8 R 1 A —F5 A rp AN (7] Ak B0 3 73 R o 2 ) AT 35 4 22 53 (P<0.05)

2,13 AN[RVER X B P K ORL SEOOG 1 Y
R 1 R, M EZE SRR T E 90K
SRR 5 R W AT (A ) 257 1 AN [) R B 11 2T
BIG, XJE R T R iP5 o Pk 3 hm i 5 | k2
e K iR . Hod ,ZRNP BT R G B s K HE
Mo ZLREBCR T B2, B 305 nm £ZL#£ ] 380 nm,,
X R W B K AR BLAE AR 8 S R A Y
FESTFAER T, Bl T EARWZEE K 63
A, 55— 7, 2R KRR R CRNP>
ZRNP>SRNP>WRNP,ixX 53 3 H 44 il i 2
Pt e 5 FAH OC I DR B 2 1 2 P I 0T A VAR Y
B0 e RS RGN, XA e 2R IR K AR
FH G5 | R L 5 G a i T o224

2.1.4  N[RIEE EOR AR P T G OK UKL FTIR (9 52

M AN 2a B, 24 R PR A AT R 9K
B, BT 3 197 em™ (F2F-OH $i i) F1 1 583
em™ (Fi #2-C—C=Hiff) L & 1 200~800 cm™ (R 3
S5 ) 1 6T RRAE I AR AR BDRI) JF A 3 280, 1 630,
1 515 em™ BRI = AR AR, 4350 5 O-H Fi {4
B BRI 1 BRI BERE 11 3 B 6, X R 3
P B =2 08 AR R AR RN B KA A
FH I 5 b e £ 22 A8 52 G oK kL ol

2.1.5 NI EE 6 22 7 AN R BORL XRD 1 52
e AN 2b R, 2 R R EE G 3T AR 4K
Il , BAE 6.619°,16.369°,20.310° A REAE 45 i 16
TH 2R T8 LA W] Gk IR 04 1 i 0, X R W B
BN R ) b 5 2 A BAE W AR ok
UL T EL Eh 45 SR S A ok ToE TR
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1B 1Y 32 S BEAE SGF AT 40 min P9 PR B

W, B 5 B8  HE A SIF J5 B e b, X 2 i
TR AE SIF gk RGP EUK i, B A9 K i
WAE IR S AR e A IS oR R F i 18 R
W, X5 Yang SEUO7E KBV R X B2 AN
K FURE 1 A 0T Ak 3 36 45 A — 3, 4R ZRNP
1B W o TR IR BT b & A A Bk (R
PRI A A A T R EORBOR AR A
(33.95+0.98)% ., 1M SRNP H1iy 7S F1 118 Bk
LA K& WRNP () B-FLEREE H M a-FLIH & A, i
Wi B et P Ak, AT IR R
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ZRNP & FE S 7E SGF 1 1h i A& v i A% o L S A
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Wit 14 20 i 38 Hh R AT IR release rate during nanoparticle digestion
2.2.3  ORIFIEE [ 6F A2 P N oK ORI 1 i A o
PR ERO B W S PR, BE% B SGF A !
SIF BB ,ZRNP .CRNP Fll SRNP [ A, % A 5 7% | g | —
B A 1 G B T T WRND e L
o MBELTRS  BIE AR MIEH RT3~ &1 |
i ,ZRNP .CRNP Hil WRNP 7£i# A SGF J& , B T 14 & T Wl /)
FNE S TR R E L HE AW s | T
BB, SEFOLIR LN SRNP A SCF J5 9 2 A= o
JERREE W N, WIRIAEREAMOERT & . . i . =& WRiE
(1K 72 A e B i S ) 2 4 e T
% BiKAHBAE B KR, B2 &R AN Time/min
K S P S G S TR s R S BT AL 1 B A 1 A A B4 AEEANHAXRFRELIEFEEBRBERER
T, B U 142 25 W E S L B R SIF By Be MR
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Fig.5 Effects of different proteins on fluorescence properties during the digestion of resveratrol nanoparticles
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Studies on Bioavailability of Four Resveratrol Protein Nanoparticles
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Abstract Resveratrol’s disadvantages such as low water solubility and instability limit its bioavailability. The encapsula-

tion properties and in wvitro digestion forms of four protein nanoparticles were explored to investigate their effects on

resveratrol bioaccessibility. The results showed that resveratrol and various proteins mainly bound by hydrophobic interac-

tion and were encapsulated in an amorphous state. Zein nanoparticles

(ZRNP) and sodium caseinate nanoparticles

(CRNP) have an encapsulation efficiency of more than 80% due to their good hydrophobicity. During in vitro simulated
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digestion, ZRNP aggregation reduced the resveratrol release rate to (33.95+0.98)%. Whey protein isolate nanoparticles
(WRNP) have strong anti—digestion ability, resulting in the release rate of free amino acids was only (22.84+1.40)%.
CRNP and soy protein isolate nanoparticles (SRNP) can significantly improve the in vitro bioaccessibility of free resvera-
trol by more than 50%. Combined with encapsulation properties and forms of action during in vitro digestion, CRNP is
expected to improve its bioaccessibility as an encapsulation carrier for resveratrol. This study provides a theoretical basis
for improving the bioavailability of hydrophobic polyphenols and their further application in food and oral drugs.
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