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Table 1  Phenolic hydroxyl O—H bond lengths and C—O0—H bond angles of EGCG and theaflavin
BT EGCG M sk ARU R B R AL EGCG Bp#z 5k AE R Wy dk
O0—H #/nm O0—H #/nm C—O—H #fa/(°) C—O0—H#H#EM/(°)

C,0—H — 0.096 1 C,—0—H — 107.9
C,0—H 0.096 0 0.096 0 C,—0—H 109.7 109. 8
C,0—H 0.096 0 0.096 1 C,—0—H 109. 5 109.9

C; 0—H 0.096 1 0.096 4 C,—0—H 110.0 107.6

C, O—H 0.096 4 — C,—0—H 108.3 —

C;, 0—H 0.096 6 0.096 1 C;,—O0—H 107. 4 109. 2

C, 0—H — 0.096 7 C,—0—H = 108. 7

C,, O—H 0.096 4 — C,—0—H 108.0 —
C,0—H 0.096 5 — C,—O0—H 107.9 —

C;, O—H 0.096 9 — C;,—0—H 109. 1 —
c,0—H — 0. 096 2 ¢,—0—H — 108.9
c,0—H — 0. 096 6 C,—O0—H — 107. 4
C,0—H — 0.098 2 C,—0—H — 107. 4

R IR AR DO R
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(PE R AT C,—OH B A Fr 7 Rk,
Co Pl 2 HE T 5 ok 2 & i+, B EGCG 1y Cy o7 AT
[P NN X VA=W i L ORE VALY P8 9<E 3N
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Table 2 E\yyo, Eyoyo and AE 0110wy Values

of EGCG and theaflavin eV
ﬁ? ELUM() EH()MO AE‘( LUMO-HOMO )
EGCG -0.05 -7.35 7.30
KHEE -1.13 -6.80 5.67

HOMO LUMO

a)EGCG

HOMO

bAREHR

B2 EGCG A%k A &) FMO £4 5
Fig. 2 FMO structure diagrams of EGCG and theaflavin
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—3, [FAF, B 3 ME T R T MSEP {4 fi i
il ,EGCG FI4S i Z 19 MSEP {f 44 5701 75 - 80 ~
40 kJ/mol , i X [a] 53~ 3R 1 A 43 1) 7 5 3R AR A
70. 65%F1 66. 46%

2.4 BEHREFBRYLEISH

2.4.1 HAT HL#  ArOH it O—H Wi 296 1
MERTFHRHBAEEE AR (R ), EREE
RH FIE % A i3 (ArO " ), BDE 25X —#LHIH
KBS BDE BUR , P AL TG A

EGCG FZBRIEAR T Birh 3 #h A B 5 R
MU 2 S BO0LE 3, 3 3 AT EGCG 2k
HRIEANF A B #) BDE 1E 321.9 ~476. 0 kJ/mol
TN, X 530k 36 ] T A 2 1 25405 W1 BDE
HIEEARDL, % T EGCG, 78 3 Fi A R &1 F 1%
WA C;,—OH At BDE /)N, W4 EGCG S5ifik %
VB, 55 Cg A7 A 2 %) T ¥ 35 o B T 284, A il
SN A BT B, 3T 2 B A A R 2
BRHE ST ;C,—OH 4k BDE f Ik, W) C, i d & W 48
MESERT . X FASH R, 76 3 R AR F TR BN
C,—OH 4t BDE fiz/IN, B C., o7 il &0 B #5859 384T
HEMIZ IR 47 1Y [ R R0 BRAE 1 AR
C,—OH 4t BDE 5 K, R F/KE R 444 C,—OH
Ib BDE f5c K, A R B dE AT, Hoh R R
(C,) B BDE 5 fik, Rl IL , 25 ¥ 25 HA S 4 i bt 44k
T, H Co 2 H R I BRAV A5
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Table 3 Thermodynamic parameters for three free radical scavenging mechanisms of EGCG
and theaflavin in various solvents kJ/mol
) HAT L] SET-PT #L ] SPLET #/L i
¥ f\%% BDE PDE PA ETE
AR K i # K AMOE K MK 7K
C;—OH 374.0 369.0 369.1 920.7 -5302.0 -10804.1 1448.6459.1 145.0 236.6 323.0 387.2
C,—OH 452.7 456.2 372.8 999.4 -5214.8 -10800.4 1389.1423.2 145.2 374.7 446.2 390.6
C;—OH 390.1 453.9 370.6 936.8 -5217.1 -10802.6 1401.9 432.1 149.5 299.4 434.9 384.2
ECCG C,—OH 362.6 359.3 363.7 909.3 -5311.7 -10809.5 1353.9391.5 126.6 319.8 381.0 400.1
C;,—OH 340.6 337.5 339.1 887.3 -5333.5 -10834.1 1374.3 411.3 136.5 277.5 339.4 365.7
C;—OH 343.8 341.3 348.9 890.5 -5329.7 -10824.2 1392.4 413.8 122.3  262.5 340.7 389.7
C,—OH 362.9 360.0 367.5 909.6 -5311.0 -10805.7 1397.9421.5 133.9 276.1 351.6 396.7
Cy—OH 342.7 343.1 353.2 889.4 -5327.9 -10820.0 1362.6402.4 136.9 291.2 353.8 379.4
C;—OH 358.2 360.4 370.6 977.6 195.6 72.3 1344.9 404.7 152.2 324.5 368.9 381.5
C,—OH 365.3 363.0 370.4 984.7 198.3 72.1 1418.1405.2 147.8 258.4 370.9 385.7
C,—OH 442.4 434.3 450.2 1061.7  269.6 151. 8 1508.3 508.4 201.3 245.2 339.0 412.0
C;,—OH 364.8 343.9 344.1 984.1 179.1 45.8 1407.5 441.5 139.8 268.5 315.5 367.3
K#EFE C,—OH 368.3 364.7 358.9 987.7 199.9 60. 5 1386.2 441.6 136.9  293.3 336.2 385.0
C,—OH 332.4 321.9 337.5 951.8 157.2 39.1 1333.1410.6 122.3  310.5 324.4 378.2
C,—OH 425.9 436.5 476.0 1045.3  271.8 177.7 1333.1485.3 194.2 404.0 364.4 444.8
C,—OH 362.7 363.1 372.7 982.0 198. 4 74.4 1369.2 414.0 145.0 304.6 362.3 390.8
C—OH 353.9 329.9 374.6 973.3 165.1 76.2 1322.6 347.7 149.7 342.4 395.3 387.9

FERHE T 3 d 3 ArOH " " 7258 A0 e i
M ArOH " " #:358) Ar0 ", IP & 55— R
XK Z 4, PDE 2 5% — 0 RV AL S
BT EGCG RS RAUKEE R 1P 5301k
764.5 kJ/mol .6 084.1 kJ/mol il 11 336.2 kJ/mol;
K RESM EMAKBER BB P 50N
691. 8 kJ/mol ,577. 9 kJ/mol 1 461. 4 kJ/mol, 7]
A F AR IP B/ T EGCG, AR E R
FILEH FRE S5 T EGCG, 4XTHe, IP 5 HAT L
1Y BDE FaF AR, BHE T A B2 iy, B
XTAFPA BT B M PR R R, X T EGCG, R FIK
BRI 1P B3 T AT R 1P, R B L
HAD X268 — 28 BN 5% I 35K X T A 8 &R, K
I 1P W AR TS AR B i 1P, 27
R TR BT e E RS, Ik Ah, R
3 AJHLEGCG 78 3 Ay B 2514 T 19 PDE ¥92% C5—
OH AbfR/IN, C,—OH b fe K 28 8 R AE 3 FhA BT 2%
F R PDE 34} C,—OH Abfi/N (HS M & T
C,—OH AbFR K, AT I 4645 2R Bf oy i 235
iy C,—OH &b f K, X5 HAT MLl /) BDE it
Bk Hrp EGCG(C, ) By PDE £, IR,

AR T T EGCG HA F i rh A /kis e, B
Cs BTGNS . X T EGCG RIS H#E R, /K 7
1% PDE $58 F LT A ARE R T i PDE | B
JF R KBS ) < 700 < S, R, APk A 5 0] A
JEFRE . 546, %FF EGCG MZAS# &, KM &1
T, IP AT PDE KW SAH &A% SET-PT #LiI
i — 25 N B BB RN T A 2544 T 19 BDE
L IP ik, W] HAT P Lk SET-PT HLHIA PL 3 i
FIZAE T, PDE iEi i T 1P, 32 W] SET-PT #Li th4f
TP ROV R R e ) B A SRS ) T 7
%1F T PDE It BDE %, 3R W] SET-PT HLifi| Lt HAT
IR ESEY e

2.4.3 SPLET MLl SPLET HLH| £ 4% W5 45 2 b .
TESR—2 N, ArOH fi# 25 A B B F ArO™ LT F5
SR P O A BT ArO™ #5688 3] ArO
W PA R ETE , W] T ff By B 5L 09 & T AL R
LS, tha& 3 v, X EGCG, AR
R AT C,—OH &b PA £ /)N, C,—OH Ab PA #%
K KIBEFR & F C,—OH 4t PA /)N, C,—OH 4t
PA K, X FHRER,3FNTEMTH PA YR
C,—OH AhIRc A, (H A R 7 25 08 F R B o iy
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2.5 HREEZEESHOW

Z B2 Al BE T R R TS AR TR
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Comparative study on antioxidant activity of EGCG and theaflavin
based on density functional theory

XU Yucong',LI Wenzheng' ,FAN Maomei',BU Ying'®,ZHU Wenhui',LI Jianrong'*, Ll Xuepeng'
1. College of Food Science and Technology/National & Local Joint Engineering Research Center of Siorage ,Processing and
Safety Control Technology for Fresh Agricultural and Aquatic Products,Bohai University , Jinzhou 121013, China;
2. Liaoning Collaborative Innovation Center of Seafood Deep Processing ,Dalian Polytechnic University , Dalian 116034, China ;
3. Institute of Ocean Research ,Bohai University , Jinzhou 121013, China

Abstract: [ Objective] To investigate the structure-activity relationship between the antioxidant activities of
EGCG/theaflavin and their molecular structures. [ Methods] The molecular structures and corresponding free
radicals of the main functional components—epigallocatechin gallate (EGCG) and theaflavin—in green/black tea
were theoretically calculated using the density functional theory ( DFT) method. The differences in antioxidant
activity and solvation effects between EGCG and theaflavin were analyzed based on multiple antioxidant indices.
[ Results] Theaflavin exhibited higher antioxidant activity than EGCG, with a frontier molecular orbital energy gap
AE  yyoonoy of 5.67 eV, a bond dissociation energy ( BDE) of the C,,—OH phenolic hydroxyl of 321. 9 kJ/mol,
an ionization potential (IP) of 461. 4 kJ/mol, and a spin population of the C,—OH oxygen atom of 0. 218. In non-
polar solvents, sequential proton-loss electron transfer (SPLET) is preferred as the dominant reaction mechanism,
while in polar solvents, single electron transfer followed by proton transfer (SET-PT) is preferred. The C—OH of
the B ring may be the active site of EGCG, while the C;,—OH of the A’ ring may be that of theaflavin.
[ Conclusion] Theaflavin exhibits stronger antioxidant activity than EGCG, with the position of phenolic hydroxyl
groups significantly influencing its activity. The DFT method offers a novel perspective for investigating the
antioxidant activity of functional components in tea.

Key words : epigallocatechin gallate ; theaflavin ; density functional theory ; antioxidant activity ;free radical
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losses, severe protein oxidation (lowest surface hydrophobicity: (6.39+0.96) wg/mg; total sulthydryl: (1.49+
0.04) pmol/g), and most severe textural deterioration. RCF treatment formed fine, uniform ice crystals with
dense, homogeneous fibers, resulting in lower thawing loss and enhanced water-holding capacity ((40.49 +
2.89)%) , stable protein structure, and preserved textural properties. LNF treatment formed finer, more uniform
ice crystals with tighter fiber packing, showed no significant difference in thawing loss and water-holding capacity
compared to RCF, and demonstrated enhanced protein stability for better textural preservation. [ Conclusion] LNF
treatment better preserves abalone muscle quality by promoting fine, uniform ice crystal formation and maintaining
protein stability.

Key words :abalone ;freezing method ;ice crystal ; protein property ; textural property
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