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Abstract To investigate the effect of ovalbumin (OVA) encapsulation on the stability and antioxidant activity of polyphenolic compounds,
OVA was used as a delivery carrier, with the hydrophobic polyphenol kaempferol (KAE) and the hydrophilic polyphenol tannic acid (TA) as the
active compounds. OVA-TA, OVA-KAE, and OVA-TA-KAE composite nanoparticles were prepared, and their physicochemical properties and
antioxidant activities were characterized. The results indicated that OVA exhibited good encapsulation efficiency for both KAE and TA. KAE
enhanced the thermal stability of the nanoparticles, while TA improved their structural stability and antioxidant activity, leading to better
encapsulation of the two polyphenols by OVA. Particle size, zeta potential, intrinsic fluorescence analysis, Fourier transform infrared
spectroscopy (FTIR), X-ray diffraction (XRD), and scanning electron microscopy (SEM) results showed that KAE/TA were effectively
encapsulated within OVA, and the three nanoparticles were structurally stable and uniformly dispersed. OVA formed a good bond with TA,
resulting in the highest protein structural stability, with the protein maintaining a stable three-dimensional structure. Differential scanning
calorimetry (DSC) analysis indicated that KAE enhanced the thermal stability of the nanoparticle's spatial structure. The total phenol content,
DPPH radical scavenging activity, ABTS" radical scavenging activity, and FRAP antioxidant activity, measured by the Folin-Ciocalteu method,
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revealed that OVA encapsulation inhibited the degradation of polyphenols. Among them, OVA-TA-KAE exhibited total phenol content and
DPPH scavenging activity of 141.33 mg/g and 4 909.36 pmol Trolox/g, respectively. This study provides new insights into the loading of
KAE/TA in OVA nanoparticles and evaluates the effectiveness and feasibility of OVA encapsulation in protecting the antioxidant activity of
KAE and TA.
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Fig.1 Flowchart of ovalbumin-encapsulated nanoparticles of kaempferol and tannic acid
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IE R CYEHMAER, AT E>12.5%, T3 EEH>80%, FHX 75T RE/NT 1000>80%, 4.43~4.66 pl;
4fiF>80%). DPPH (1,1- —ZKFE-2-=RHEZEME) . ABTS (2,2-FR%-XU-3- £ FE A FFEmEIbk-6-flE ), JbiiZsk xR Fl
FARAR; LM GEELE —FE#EE, >97%). BT (299.7%) IHERH (299.5%). ZREALH (=99.0%)-
ToK=F Mk (297.0%), EilghRr TAEMRRERM AR AR Folin By, AIEEEEDRHARAF; Hih
ST AR B B2 A A R A A .
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KQ-400KDE #rikbsEes, EIHF SR /AF; Scimitar 2000 FTIR, 3EEZ#ERIEA R AT ; 90Plus
YRR E AL, SEEATE TR SRR AT Ultima IV X BHERATHMY, HAEE2:fR0S4E; 970 CRT %6606
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A DSC ##, M@ F3E, TEMEME, WILEA 20 C, S5dURAE 200 C, Hi#EFE 15 C/min,
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It CuKo FESFIHIRE S I SRS M, PRGN 5~50° (20), FAHGEEE )Y 109mint™, X G R A s
FLIALR LA LR 23 4 40 mA AT 40 KV
146 HAFEE4L

{5 P B 7 24%%  (Scanning electron microscope, SEM) MEERE T IO Sk o I B T-IR S4B T 4
AbFE, AERESERLEAE St 7E3.0KkV RN, DAAEMBOR A0 SRR S I A HFIE .

15 B ENE BB e &

145 0.2 g/l KAE/TA brtfEIE, Wik A FRIREE, BMREEREL 1 mL 5 1 mL 0.25 mol/L Folin-F 78
IIRA, SHIRACE 3 min J A EIRVE AP 2 mL 15% Na,CO5 i, 7870 #2505 = iR & 30 min, 7E 760 nm
RETIEIR ' RE b RE I 2 (L 15% Na,COs /ES It i) MO, A3, JI%E 1 g/l OVA 9aKhL T
WORRE, FHARIEEbRE 2T E R R R B S



MK EEBHE Modern Food Science and Technology 2026, Vol.42, No.2
1.6 FEAMIE AT

1.6.1 DPPH A @ iiERE M

il £ 0.05 g/L DPPH ZBEHE AN 1 g/L Trolox ¥ . FHIC/K LEEHRE Trolox ¥, fHHIR 537108 40, 35,
30. 25. 20. 10 15 pmol/L. 4351%% 2 mL DPPH ¥R 2 mL ARG, 1C/ESERR4: 2 mL Fo/K 281 2 mL
AR A, IC/EXTRZL; 2 mL DPPH 3R 2 mL oK BRI, cER A4, ¥ 1R 3 iR AR SR
B 30min J&, 7E 517 nm AR, 45HLL pmol Trolox/g R,
162 ABTS A @A FHREK

¥ 7 mmol ABTS Je/K ZEEHHAN 2.5 mmol K,S,0, il A AR &, SiRBH I E 16 h J5 A ABTS' H H3&
B, FTCK CEERRE, 7551 734 nm AROGRE A 0.7040.02 1) ABTS H H13E TAEW . 205K 1 mL ABTS A1 3 mL
FEMRA, 1CESRIRd]; 1 mL oK ZEER 3 mL BERR A, C/EXTIE4L; 1 mLABTS' 3mL /K AERA, idfE
FEMH. Kk 3 RS T SO FIE 30 min, 7E 734 nm ALIEFOLE, 455LL umol Trolox/g %
ﬂ?[2]o
163 4B TiEREE
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KIBH L 20 min, BT 4 CUKFEAHEL, FIREPIFIIN 25 mL 10% =8RG 745, KLk 25 mLiRE
Y525 mL £EFKM05 mL 0.1%FMERRES, =i FRA 15 min, 7£ 700 nm AN EROGREE, 455 L1 pmol
Trolox/g FR1,
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TN WEMHAT BADEIE VNS B R 1. K 3A [ FTIR f7n OVA-Z g KBk A R EE 2 AN oG, A 55
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OVA-Z I Er b i T 52 BRI = MBI My, TIIERE | 50 B8 1R s b 1 s A AR AL o R, R Rk i
WL EE 0T A B R T | XA R o UG THIAR PR LU AT 545, 4] 2B JT, OVA ) et
fIE. pEEMATIE & 5N 52.66%. 21.42%. 15.60%71 10.0.06%F1 1.31%. a-SZHEAITCHNE: i HAE
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F 1 YERERLIAE FTIR XERIRARIERALE 5

Table 1 Location and assignment of the peaks identified in FTIR spectra for the nanoparticles

Peak wavenumber (cm™)
Region Assignment and remarks
OVA OVA-TA OVA-KAE OVA-TA-KAE
Amide A 3422 3429 3439 3446 N-H stretch coupled with hydrogen bond
AmideB 2966 2924 2920 2924 CH antisymmetric and symmetric stretching
2870 2850 2852 2845 CH antisymmetric and symmetric stretching
Amide | 1653 1653 1659 1659 C=0 stretch/hydrogen bond coupled COO
Amidell 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 Ill 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

214 ETHABERENT

ZRFl RN (Differential scanning calorimetry, DSC) &b IS 200 M Jride. BVRMERE (T
B R R R E T, IS T, X SIS AT RIA A (AHD B, T IR T AR IR
SEPE, AH E S RS T B 2 IO RE RS R K TR (23 () 25 KA. OVA-Z By K BTk T M AH LE 2,
Hr OVA. OVA-TA. OVA-KAE F1 OVA-TA-KAE A /MR . S—MRIIER R OVA HRABER RIS 7348 1t
¥, 5 OVAMEL, OVA-KAE. OVA-TA F1 OVA-TA-KAE HI5 A Ty K, AH 880 74 5~14 %, {EiX
BEGIK TR, OVA-KAE [ T Al AH #5051, Ui OVA i E MG, EAF S FHAaFPE/aEm, TG
Pk b, I S8 T R R S R SRR e . 4R, TA B FIT OVA-KAE [M1454; KAE [
TN LS T OVA Al OVA-TA fl#dase it

R 2GR AT EIRE (7) AT (AH)

Table 2 Thermal denaturation midpoint temperature (T,,) and enthalpy (AH) of nanoparticles

Sample Peak 1 Peak 2 Peak 3
To/C AHI(J/g) T/C AH/(Jg) T/ C AHIIg)
OVA-TA-KAE  54.5940.30° 5.8140.20° — — 167.600.81° 80.430.24
OVA-KAE 53.24:40.64° 3.46:40.22° — — 171.3142.19% 108.0340.67%
OVA-TA 56.8640.47" 1.2840.19° — — 157.194.91° 35.05+2.83°
OVA 57.5541.32" 3.4840.23° — — 146.1744.70° 7.5820.80"
KAE 41.8540.32° 0.5140.04° 53.8040.40 3.0640.32 174.7024.25% 61.0843.89°
TA 76.4640.57% 8.7540.37° 108.1820.65 0.060.02 146.6240.64" 52.944.25"

i AT AR FEATE P05 KA ELE LR,
2.2 X G &AT4 AT

OVA-Z YK FTRLE X FHEATS (X-ray diffraction, XRD) FEEANE 4A fios. FFEER I XRD B4
PIANTHIE . 55—AMITHHERI T 20=5.76, FIGLKER A A FEE P, 58— AMITSIELE 20=21.34 ibRFs 5 5
KITHU A, X2 HT OVA MIZEy 2 ML |28, S53HA OVA-Z M KRTRiAH L, OVA-TA-KAE [45 5t LR
Ak, WREAmARAG e, dA)=12sing(=1.54 A), AHRN R d 65504 15.33 A F14.16 A. XRD [)%5[H]
A ARAFR AT TURT, 0T DU SR B TT RN TRFIER AP, 75 FURE A B B I e T 2R3 S AR K
R A E . XRD 58 4 OVASOVA-TASOVA-KAE>OVA-TA-KAE. X445 Al fe T KAE. TA A1OVA 2
PR 40 T 1) AR ], M PR T 5 785, SRR AR,

6



MR EmBE Modern Food Science and Technology 2026, Vol.42, No.2
23 AFE T BHFEL

G 2 -2 K R (3 T A 45 SR &) 4B FoR. TS, OVA-KAE R IUNEINI R ERRR, X
FERN OVA-KAE ZUK BRI pH EHE OVA 1) pU L, 73 FIaEH T IR, SRR ER, OVA 7E4
B TA R KAE I ELA S ) (0 RN £ 5 B AR i iR 2 AR FITEREY, OVA-TA-KAE 9Kk S B FA B
TEREF4E . 75 20.0 TR5BOK FAEE, OVA-TA HIKIZ 218 2~4 um, OVA-KAE [H£F-4E 55 212N 2 um, OVA-TA-KAE
T EARLA 1~2 pm, X 5 RAR AL S PR NN, JE BRI T PRI AN A, 20 [ A BAE AN
CEREH, IR =RCKBIRIS S, RSB, BRI RSP,

A 3000
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Fig.4 XRD and SEM of nanoparticles

24 KEreEMGLAME S

KAE 1 TA [T TE 7 A B i S RS AR, 1 KAE F1 TA 231 5 BTSSR Ak, Al
FERDE T S B A ER®, g il OVA AR, 12508 DPPH [ iR G TE. ABTS B R G T
AL T8 J5UBE /7 (Ferric ion reducing antioxidant power, FRAP) =Rl 77545 7T OVA-Z By gk ki bt A AL is 1«
WK 5 Fras, OVA-TA. OVA-KAE Fl OVA-TA-KAE [f] DPPH j&Ffit 1ol 4 7755. 3 106.1 Al
4909.36 pumol Trolox/g; ABTS I AE 1173 7124 4 066.2.1 740.36 A1 2 530.06 wmol Trolox/g; FRAP 4354 6 090.46
2 090.46 14 090.46 pmol Trolox/g. OVA-TA 4Ktk B A i) ABTSVERRAE AL IR IRAE S, RIPHDT
AATEMERGR. HA OVA-KAE Fl OVA-TA-KAE HUALIE RS, IXATRER RN KAE iR NLF4EIRGNK TR -
FRIER K Pt A B AT SRR AT SR AR, Li 251000 Tai £ 5 5 M SRR 012 FR LV S S KB AN -
A SRR A AL 253 AR T IX . OVA-TA-KAE HA s 1) DPPH [ HIEERRAE S, iR TA NI &
T OVA-KAE [ftéa b, E s A 2 By SUR et - i85 Folin Bkl I OVA-TA. OVA-KAE Fll OVA-TA-KAE
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AURURLIF S & 735 152, 130.67 F1 141.33 mglg, iXZH N TA Fil KAE iRARS, OVA FiE T H 215
FEEN, AYBRGPURBRL DR SRS R0, TR E R T AR Ba e /1, R TAHHT KAE 5
OVA [k g &, RISt OVA AEAIKT TA 1 KAE MR, 459R W, %N TA 4R T KAE il OVA
HIART EE G Re . ATIHGSE T A0KRBR PT AR B3 BE 7 RIS, OVA KRN T 2 By R IR
T A S

a
7000 - T /727 vota phenol content (mgre)
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