MR EmBE Modern Food Science and Technology 2026, Vol.42, No.2

bRiE & B B LU RER AN B TER 4N K BRI Y
I R E AT

BEREYY, TR, SR4RAE, BRI, (EUZ, B, BERT
(LT RF TR T, Fm Tk 315100) (2. T RFAY ARG IAZERBAFFIR, AN 310058)
(3. RRA AP A hnd], ATk 315100) (4. Bk K FRBAFE TR, TTF4M 121013)
(5. WL iy X e KARM P s, HFiAL 311208)

HE: HERIPFHEE (Ovalbumin, OVA) &3af % Br R4 T 6944 T M dn BALF M 4% 7h, 7 XA OVA 1Fi# i
HAR, B Z B LA (Kaempferol, KAE) 5 KM % B % 78 (Tannic Acid, TA) A& MK &3R4, #14& OVA-TA.
OVA-KAE #» OVA-TA-KAE L&A, st L mALK R At B it TR AR, 2R AV, OVA #f KAE A= TA B4 4
W) @A EOR ; KAER &5 T A RBA ) AT TA RS T A LM T AR EAEE, 12 OVA 4T a8 At % B,
Fit2Fe Zeta WAL, WIBRMR O, G Eet BRI bE. X FEITHFea s w504 RE W, KAE/TA #iR4Fe) &3 T
OVA ', ZAPRRBALEMIEE . HA5H; OVA 5 TA 4684F, BOMEMBTRRE, LEARRFT LG =%
M), ETAARBEREIMNEY, KAE R T AT Z R EMOGBAE T, EBEEMIBMNEF MW LY, OVA &
HAH T B E, L+ OVA-TA-KAE #) %84 &4 DPPH A6t 251 % 141.33 mg.g ' 4= 4 909.36 pmol Trolox/g. %
BER A OVA 4Kk 71 8, KAE/TA #4467 #7 ILAE, 3745 7 OVA 4 51R 4 KAE Fo TA L AMHE 694 20 o> 4T14,

KA A E G AREE; LA BT KR, RAKER

MEHS: 1673-9078(2026)2-230-238 DOL: 10.13982/j.mfst.1673-9078.2026.2.1664

Physicochemical Properties and Antioxidant Activity of

Ovalbumin-encapsulated Nanoparticles of Kaempferol and Tannic Acid

CAI Luyun'?, WANG Yuxi', ZOU Jihua’, JIA Jianghua®’, WANG Yi’, Shi Hang*, Cao Ailing>

(1.Ningbo Innovation Center, Zhejiang University, Ningbo 315100, China)(2.College of Biosystems Engineering and Food
Science, Zhejiang University, Hangzhou 310058, China)(3.Meikang Medicalsystem Biotechnology Company, Ningbo
315100, China)(4.College of Food Science and Engineering, Bohai University, Jinzhou 121013, China)
(5.Hangzhou Customs Silk Testing Center, Hangzhou 311208, China)

Abstract: To investigate the effect of ovalbumin (OVA) encapsulation on the stability and antioxidant activity of polyphenolic
compounds, OVA was employed as a delivery carrier that encapsulated hydrophobic polyphenol kaempferol (KAE) and hydrophilic
polyphenol tannic acid (TA) as the active compounds. OVA-TA, OVA-KAE, and OVA-TA-KAE composite nanoparticles were
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prepared, and their physicochemical properties and antioxidant activities were characterized. The results showed that OVA exhibited
good encapsulation effects for both KAE and TA. KAE enhanced the thermal stability of the nanoparticles, while TA improved the
structural stability and antioxidant activity, thereby enabling better encapsulation by OVA. Particle size, zeta potential, intrinsic
fluorescence analysis, Fourier-transform infrared spectroscopy, X-ray diffraction, and scanning electron microscopy indicated that
KAE/TA were effectively encapsulated within OVA, with the three types of nanoparticles exhibiting structural stability and uniform
dispersion. OVA showed better binding with TA, resulting in the highest protein structural stability and the maintenance of a stable
three-dimensional protein structure. Differential scanning calorimetry analysis indicated that KAE enhanced the thermal stability
of the nanoparticles' spatial structure. Analyses of total phenol content and antioxidant activity revealed that OVA encapsulation
1

inhibited polyphenol degradation. In particular, OVA-TA-KAE had a total phenol content of 141.33 mg.g  and DPPH scavenging
activity of 4 909.36 pmol Trolox/g. The results of this study provide novel insights into the loading of KAE/TA in OVA nanoparticles
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and the effectiveness and feasibility of OVA encapsulation in preserving the antioxidant properties of KAE and TA.
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Fig.1 Flowchart of ovalbumin-encapsulated nanoparticles of

kaempferol and tannic acid
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Fig.2 Changes in zeta potential effective diameterand and
intrinsic fluorescence spectra of nanoparticles
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Table 1 Location and assignment of the peaks identified in FT-IR spectra for the nanoparticles

1
Peak wavenumbers (cm ')

Region Assignment and remarks
OVA OVA-TA OVA-KAE OVA-TA-KAE
Amide A 3422 3429 3439 3 446 N-H stretch coupled with hydrogen bond
Amide B 2966 2924 2920 2924 CH antisymmetric and symmetric stretching
2870 2 850 2852 2 845 CH antisymmetric and symmetric stretching
Amide [ 1653 1653 1 659 1 659 C=0 stretch/hydrogen bond coupled COO
Amide II 1558 1550 1508 1519 NH bend coupled with CN stretch
1406 1460 1456 1458 CH, bending (scissors) vibration
1330 1336 1386 1384 CH, wag of proline and glycine
Amide III 1259 — 1255 1255 NH bend stretch coupled C-N stretch
Fingerprint 1033 1031 — — C-O skeletal stretch
929 954 — — C-H deformation vibration (carbohydrate)
— 877 889 — C-H deformation vibration (carbohydrate)
671 667 651 677 C-C Skeletal stretch

R 2 MARBHPHREEASRE (T,) FRE (AH)
Table 2 Thermal denaturation midpoint temperature (7,,) and enthalpy (AH) of nanoparticles

Peak 1 Peak 2 Peak 3
Sample
T,/ C AH/(J-g") T,/C AH/(J-g") T,/C AH/J-g ")

OVA-TA-KAE 54.59+0.30° 5.81%0.20" — — 167.60 +0.81°  80.43 % 0.24"
OVA-KAE  5324+0.64" 3.46+022° — — 171.31 £2.19 108.03 £0.67°
OVA-TA  56.86+047° 1.28+0.19° — — 157.19£1.91° 35.05 +2.83°

OVA 57.55+1.32" 3.48+0.23° — — 146.17+4.70°  7.58+0.80"
KAE 41.85+0.32°  0.51+0.04  53.80+040 3.06+032 17470425 61.08 +3.89°

TA 76.46+0.57"  8.75+0.37°  108.18+0.65 0.06+0.02  146.62£0.64° 52.94+1.25

A AP RREFHEATE P<005 HALEZEER.
23 AW F RMELSNT

GRE B - 2 M 40 K UKL 4 B L R R A
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pLAE, 4TIl s R Ty PR, SRk Bk R £,
OVA TEfL# TA il KAE B B A A [ (1 s ik i 2 &
HE YK A R R FIAREY, OVA-TA-KAE 49K
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219 2 um, OVA-TA-KAE FIEAZN 1~2 um, X5
FEAR IR 28 S R AR K /INAS ], DR T 79 A
TEAARE, o FRIEHTERAR. 48EH, Lk
=AhGRRL I 51 A B, RSE— 3, A WS EIR )
M,

SRC S R e e A
KAE M1 TA 08 A kA B2 T A0 £ il 82 Pt B

2.4

BAER, 1 KAE I TA 43§ (1005 B3 n] W SCE 042,
HHAEBAN T 5 AR i fh OVA 1L
MR, 1ZCiE S DPPH H B AR B . ABTS' B
FH 97 R v ME AR B T I8 J5RE /1 (Ferric Ton Reducing
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