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Fabrication and Stabilization of Hyperoside-Soybean
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Abstract: Hyperoside (HYP), a flavonoid with potent antioxidant, antitumor, and anti-inflammatory activities, has limited
applications in pharmaceutical development and functional foods because of its poor water solubility and low
bioavailability. In this study, hyperoside-loaded soybean hydrophobic peptide-based nanocomplexes (SPN-HYP) were
prepared using a pH-driven method. The optimal HYP loading concentration was determined, and the physicochemical
properties and bioaccessibility of the resulting nanocomplexes were systematically characterized. The results showed that
soybean peptide hydrophobic aggregates could be used to construct HYP-loaded nanocomplexes, thereby improving the
water solubility and stability of HYP. The nanoparticle dispersion was yellow in appearance, with an encapsulation
efficiency above 90%, a loading capacity of 18.88%+0.033%, and a particle size ranging from 160 to 180 nm. Scanning
electron microscopy (SEM), Fourier transform infrared spectroscopy (FTIR), and Zeta potential analysis confirmed the
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successful incorporation of HYP into SPN. After storage at 4 °C for 15 days, the particle size variation remained below

10%. In vitro simulated gastrointestinal digestion showed that the bioaccessibility of HYP in the SPN-HYP system was
significantly higher than that of free HYP (P<0.05). In addition, the SPN-HYP system effectively preserved the antioxidant
activity of HYP and improved its stability and bioaccessibility during gastrointestinal digestion. Therefore, the soybean

hydrophobic peptide-based nano-delivery system shows promising potential for enhancing the application of hyperoside in

functional foods and pharmaceutical development.

Key words: hyperoside; soybean peptide hydrophobic aggregates; nanocomplexes; stability; bioaccessibility
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Fig.1 Embedding rate of SPN-HYP composite nanoparticles
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Fig.2 Loading capacity of SPN-HYP composite nanoparticles
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LA W B3 EFF(P<0.05), H 9.61%+0.012% 3401
F] 33.43%:+0.034%, 2 mg/mL B fi 2% 284 18.88%+
0.033%, FH 4 T 5 =2 50 44 oK ok b far 28 188.80 pg
HYP, Wil WL &I, & 24BN 3. 4 mg/
mL B K IBOR A FA R, 24 h 5 A DITENT Y, X A fE
J2 FH AN KA oy 28 4 22 Wk HLAT MR A, TTAS RN
B R 0 R IR £, 0 A R, i 5 A Rt
TFFEEEIAML . I H A 22 Wk AR 55, BEHHIE 519
G ZZ BB RENS AL H 2R | fur 4% S 8 55 1l
ATy, B LR A5 ECR P A 2Bk e o 2 mg/
mL A KPR T /e SFahr o AT o

Ko} bl LA HZ 38 TT A5, ASHIE ST T il 25 114 29 K ok
HAFEE EE. LA, XIHa 25950 ) 45 1% 4 22 Wk i
HE TR NEG8/ 70 SROMH 1 2H B2 aN KO, AL S5 RN far 4538 43
2R 84.19% 1 8.81%, (R AEHI &I PR T A
HLAT LB, TR ERSERY Hl 25 10 G 22 B N K G544
HE JBT 38 A AL 35 R 1] 3K 89.92%, 1H #k 245 B A K
3.37%. ASHFFEEY SPN-HYP 14 5 75 #E oA HLIE )
A IEIASE, ZRAS T 4 i A s SR g 2 i, T S 24Pk
BRSO T —FI AT AT RO T s
2.12 BEE5WYH Dz, PDI Fll Zeta B8 57 [ IE 3 1]
H1, 107 2% A 22 WK 1 G KIBURE I A% 43 A fs S v, H:
BLAE TN Zeta A EC PR ¥ ILFR 1. SPN By RLAR Ny
169.03+5.85 nm, 1 2 & ZZ Bk 5 1Y SPN R AEBE A
AAk, BTG, X T REAE T SPNS A 228k 1Y 5k
FKAHHAE B SR TS, 21 4R S 22 Bk
B£2} 4 mg/mL BPRIAR N 193.11+7.73 nm, ki fL
B 2 (P<0.05) . Zeta FHLAE H FH TS F196
ST AnT, FRAR AL AR 22 Rl A B AR
B, 15 Zeta HLALIE F WA 38 i F 5 I BH IR R T
AL, TR BAARSHPY, G KITRE ) Zeta HLAV )
A HEI T 30 mV B, GKBokiAb FRga e IR,
AT ) SE B ER TR , BRI SPN 5 faf 2k 4 22 1k
HHE 1 mg/mL Al 2 mg/mL 1) SPN Zeta H,{y/ 22 5
AN (P>0.05), Z°8 24 mV, i35 4 2 WEHE ROHE
R AF] 4 mg/mL, Zeta B 40 XHELZ WAL, [RIHTRL
ARIEI, BEHH IR SPN AL H AT T AN, 1 & i 4x 22
BRI 7T GBS B KRk R e e TR, Ah, 52

140 1 —=— SPN

—e— SPN-HYP 1 mg/mL
120 1 —— SPN-HYP 2 mg/mL
—v— SPN-HYP 3 mg/mL
100 1 —+— SPN-HYP 4 mg/mL
s
< 80 A
iéi 60
B 401
=
20 A
0 4
-20

(') 5'0 160 15'0 2(')0 250 360 350 460 430
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13 SPN-HYP &G4 KWUR LA 34 1]
Fig.3 Size distribution of SPN-HYP composite nanoparticles

E i) PDIAEIIET 0.3, BEHAR R 43 A ¥ —3,
I, HYP #)J3 <3 mg/mL W 7] DI4ERHA R a1k .

%1 SPN-HYP & & YK Bk M L AL

Table 1 Size and potential of SPN-HYP composite
nanoparticles

Ffh #if% (nm) AL (mV) PDI
SPN 169.03+5.85° —23.52+0.78° 0.23+0.03°
1 mg/mL 173.98+3.64° —24.45+0.78" 0.25+0.02°
2 mg/mL 174.92+3.99° ~23.78+0.7° 0.24+0.02°
3 mg/mL 175.89+1.15° —22.27+1.64° 0.25+0.02°
4 mg/mL 193.11+7.73* —19.81+1.50* 0.24+0.02°

TE: [FFV R AR R ING FRERoR 41 22 5 .35 (P<0.05) o

2.1.3 H¥iH 7 BB (SEM) L SPN-HYP E &
4N K BURE 1Y 3008 45 A4 38 i UL 8€ HYP. SPN,
2 mg/mL SPN-HYP & & ¥ HOIES K T 2 &
WK TR A OIS, AnTE] 4. TFES & 2406 (HYP)
AR R G, O TR HYP LA
TR, ERAEMAIEAFAAE; YR T/5 19 SPN 4514
SRR, X RN pH GRS P ESR AR
KM T SR S P B 2 2P, SPA TE AR T RIAR R /N
H 4 A He e ¥4 50 19 R G IR 3L 90 K 0K (SPN) , 5
Pan ZER fiff 5T 25 AR IUR 25 AR ; Tarak e 22k
4 SPN IR AR S SPN AHARL, R EUFCRCIR, HASHL
ARG 2, JokiA BOIR A Z5 4, 7T BEJE R R TR
m), 52RO B £ 4R 22 v R W FLER R 1-EGCG-
175 B BT PR 4N K FIUR 25 SR AR 525 9N K IBDR AR S R
PRI L5 — 2

- ‘. b iy i
LIl ot ‘.\.\.‘ﬁ_‘
bt - A N O e T
WPy ;

Kl 4 SPN-HYP & & 4AAR0RLA 140 it 1~ T il Bad
Fig.4 Scanning electron microscope (SEM) results of SPN-
HYP composite nanoparticles

E: A, B, C 41y SPN-HYP, SPN, HYP.

2.1.4 EEH5YLIMEEFTIR) 4787 Kl 5 - FTIR
WL 4 2 mg/mL SPN-HYP gk . HYP F1 SPN
RO AH BEAE I I . 228k 7E 3447 cm™!
&b AT BB I T & T i C-fip 45 PR B T I g, 1344,
1592 cm ' AT REJE & 22 k1 P R IR Y C=C, fh4E
@ B % it g U2, SPN. SPN-HYP 44 >k il by 75 g
1344 cm™' ¥ B BARL A FRAE g, SR 45 SPN AR
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Fig.5 FTIR result of SPN-HYP composite nanoparticles

It , SPN-HYP iy £1 #b W f 3% & £ 1522, 1601,
2355 cm™' AbHH IR TR A g, H SPN-HYP #Y4T
ARG % B 5 OSPN [y M 0 ka BAH L 7E 1000~
2000 cm™' [d], SPN-HYP & SPN {1 W 52 i 7% 3l .
SPN-HYP g5 HYP a3 AAaE], 2591
3400 cm™ BT YRR IRCH AR S SPN A58 78 5,
IR 5~8 em™ LIRS, X ELREASfL LA T2 &
YR Z T 4IRS N SRS S VR nT e 1Y i,
TE B T 58 B 43 () & R 25 270 DAL AR AR 5 A
HYP 8 it S A B AE D 2T SPN G Kk
Fem, A HE M ER s s SPN-HYP ki AR 5
SPN FChiAHIELEL, Ui HYP faf#kfe SPN I,
2.2 SPN-HYP & &4 KRR I GEF E M

A SCHRF YK S A W I i RS e AT T ESE,
Kl 6A~E 6C 2}y SPN-HYP 4K TRITE 4 °C 5140
fitiik 15 d AT . aniE T LA H SPN-HYP 44
KAFRL 15 d P23V I B R, AT UTTERT H,
Vil SPN 1728 HYP 1] RAGS - b 2 5 4 22 Wk 9%
f#IE . 15 d N, SPN fif 2k HYP AYALHE SRR T B,
15 d SPN-HYP 3 355K 1K ] 86.29%+0.47%, H.
RiALARARE /)N, BEHH SPN %F HYP A4 i 2850 SR 45841
[FAT, SPA BT Bi/KVEF@EZE HYP, H 2.1.4 3R
BE WSy E S AR EAE A, (515 SPN-HYP 44
KPR ASE - 7E Han 550% (iF g b, DAH 402K
2. PE-b- TR (- IR ) Al 228622 R 50k, SR ARG
BV TR ZE A TR A A AR, 220 30 d B9 AT, Hyp-
NP PR T 91.4% & 248k, /K sh J1 K/NJLTF
P A4k, FHLE, SPN-HYP FFLH BB S 10 E M .
2.3 SPN-HYP E&4KFRMENIEME

B 7 RIS HYP 5 SPN-HYP $i &1L iE
MELR, SPN-HYP 510 HYP P A LR
AR BET, XPPUEPELL BB PTREVS T T DPPH H i3t
TR AR TR P A S A T, T R A AR LA R Ui B 1)
HYP 5% T 2.1, SPN-HYP 7E 2, B it £ B i 1
S AP FIE S 09 HYP 7E DPPH [ HH 555
R SRS 5 RN A RO B AR — 3, SREHUIFES
HYP #far2a NS5 mAS B T E e . 12855
AMUBGHUE T SPN YEA HYP 2844 0% 4= W AH 250, 55
s T IS RIVRE” i nT B o

g 60
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Fig.6  Storage stability results of SPN-HYP composite
nanoparticles
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Fig.7 Antioxidant capacity of HYP and SPN-HYP

2.4 SPN-HYP & &4 KBUR A IMERLE AR E M0
4R Rt

i AR MEAL I AL B P T SPN-HYP 2 &
LA A T A FR e e A= T Rt (I 8. & 9) o
g B, B34S N HYP (H#{A Z& (SPN-HYP) f9Fa
SE M B FEOLT R85 (P<0.05) , AH LI ES B9 HYP,
SPN-HYP g4 Kok 7 B iz By Be 34 2 8 e fa e
T, 78 B THALB BN B I & T AL BE S S 24 R e
B9 1.2 45 F0 1.3 4% (P<0.05), 1] g2 K & SPN
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Fig.8 Stability of SPN-HYP particle size to simulate digestion
in the gastrointestinal tract

FHARXT HYP a7k, LA K — 3% il U a0 A AH B
X HYP B8] T —E IR 1EH . BB IEIeT R, 47
B ok FL R e /KA Y HY P B A2y n] Xy, 55 F
Wi B W ORI #R53o Ak 8] 9 AT LA H, SPN-
HYP 9Kk e | B 0 Bes e A KA g HYP
eI B 22 Bk =2, 2T 142.7% ('8 ) Fl 30.9% (%),
U HYP fa7 2R 4 SPN J5 T L4 i H A= 4 R FH 2R
TE G TE AR S 0 4 22 WR e A A K HR 8 & BE P ik
EEAE B PR, AR T BerERE N, iX 5 A E S50 R
Be R U 2 s R — 3050, i a5 IR S
S RIS B IR, 12 A AR EE T K S B
RN G AT R 2 B A & 22k il 5 00 — oo 2 B,
1E pH3.5 B B EE T, HYP BRI 21.57% .
Sy AT IR DAy ) 8 - 22 W 5 R 1 B ) R L R T
A RESUARNTHICEA HP LT, TVER/ N IIR
5t

2 501 b

HYP SPN-HYP

K19 SPN-HYP 7el B RE AL ALl Lotk
Fig.9 Bioaccessibility of SPN-HYP particle size to simulate
digestion in the gastrointestinal tract
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