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HEFFRRAY B T 5B BE AT FIBCH] 1.0><107° mol « LAY F,
B MERR FIRGEKBCAL 2. 01077 mol » L™ 1Y
PRER R . T 5 mL BLOA P HINA 2 mL FLE FAR
VAW A — 7 S NIRRT R ol e 2 1 723 73 8 o e
BRA M BE 43 3l S 0.25X107°, 0.5X107°, 1X107°, 2X
107°, 3X107°, 4X107°, 5X10°°, 6X10 " mol « L', ¥
EIRRARET 37 CHHIBRFA T 2 b7 43IHE 25 C
Fe 37 CHAT » WM 281 nm., BEETEE 5 nm, 7 300~
450 nm i Hl A I A2 SR I G R HGTE, M ER 3K,
BRUURE 200 pls DLRUE MIMHERR BP0 s ELR IR 5640
7T - LA pH 7.4 Tris-HCL 28w e i R AR 1. 0 X
107° mol « L™ AYMIHERR I, il T 494l 300~450 nm
[l i UV IO s
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Fig. 1 Fluorescence quenching spectra of milk protein (MP) by caffeic acid (CA) (25 'C)
emp=1.0X107° mol « L™, cca=0, 0.25X107°, 0. 5X107°, 1X107°%, 2X107°, 3X107?%, 4X107°, 5X107°, 6 X107° mol « L™ (from 1

to 9), (a)—(e) stands for the spectra of caffeic acid with ¢Casein, g-Casein, x-Casein, a-Lactalbumin, B-Lactoglobulin, respectively
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1.3.2 FRAP %

Fe™™ -k g = I 18 1] g A il v 38 J5L 40 030 DA — A AT
X, BRI R, FET 593 nm kb BA R, MRS
KN ERE SRR TG 3R 55 . (DFRIL 1.55 ¢ = /KA L
FREINA 8 mL vKESER, LUBAI/K E A E 500 mL; (2) FREL
0.312 4 g TPTZ, LA 330 pL #ihfz, IFBLIKEZRE 100
mL; ()FRIL0.162 1 g FeCls , fiINA 30 mL #BAK RS
DL S RAR AR 10 2 1 s 1 IR & BC I AL FRAP T4F
W LB AR ECHNY 0. 05 mg « mL ' MIMERRYA R X FLEE S
WA 5 R B 20 ¢ 1 TR A AL VR A FEINA . B 2 mL
FRAP LAEBMARHH) 100 pl, 37 CHILE 10 min, T
593 nm A E RS . ARSI E =,
1.4 IS

RS, TG RN TE E fH A Origin 8. 0 #1044k
VR . PUAIRFRES RN T hi e 2=, I E 45
R HI SPSS 17. 0 B sl Sy AR A (. T A5 50 e Al iR 5
WNHERR -4 W 2R 25 A W B A ARTE TR, p<<0. 01 A A R
BEES.
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TR PE AR T RAEATG S ELUGE RO RO A S B D I AT 2048 B
4 Ui R IRIRFE M A9 25 & I h gk R R R FLEE
TSR R AT BN L Sl HERLR R i 2 KA L
AL BRORURFERIIMERR 5 8 o B 1L B8 O JE R
K 39% . e BREEE 51060, «FLEE . BFLERER 6200, %
KA A AT RE -5 INERR — L A SRR A K
2.2 DIMERRS|REFLE B RAY AR

PR IR S PR R 5 O R HL 58 4 M 4 R A6 oy
TS TR . PEIGERE AT RE R A T KR 5 56
RIS S T Z R EAR T do ] G A 2B TR IR 5 94

SR I FEAS 43 T 2 IR AR AR . A — A AR Dy s A
Ky Ja—Fad B AT RS . Pt sr T 58 K Z 18] i FE
KRR Stern-Volmer J5 e
F,/F = 14+ Koto[Q] = 14+ Ks [Q]

b Fo ME 535008 5603 -5 7 OGRE RTHT JS B9 9658
B2, LQIEWPERFNMEE » 10 FPEIGIAAFTER 90600 T 1) 73
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Stern-Volme #%8% .

AT T Wi E AR — FL A 1 Stern-Volmer J5 R Y 2 1%
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Table 1 The Stern-Volmer equation of the combinations
at different temperature
G| 25 C
MMERR — o B Fo/F=1+1 0966[ Q]
mHHERR —B-EE I Fo/F=1-+10 254[Q]
WERR — e B Fo/F=1419 499[Q]
MIHERE — o LA Fo/F=1+23 164[Q]
miHERR —B-ALERE 1 Fo/F=1+21 071[Q]

37 C
Fo/F=1+10 148[Q]
Fo/F=1+10 023[Q]
F,/F=1+20 279[Q]
Fo/F=1-+22 649[Q]
Fy/F=1+21 874[Q]

2.3 NHBREAZANEEEHREEMSH
WHERR X FL AR SR KBRS R, 1
B W R IGR ] 25 A ik X
log(F, — F)/F = logKx + nlog[ Q]
X PLQIAMIMERR B IR . Ka WA B HEL n HEHL
SBCE L B 2 nnmERR S LR A4S A B R =L FE 25 F1
37 CHZME TR, ITRgsRmEE 2 R, Hep, 25 CTFm
MRS o« BB BEEMA . «HEH. «AA&EA. BFLER
TR Ka 405020 0. 109X 10", 0.025 5X10*, 0.362X10",
6.050 10", 0.802 % 10" L « AL RS A

0.773, 0. 616, 0.835, 1.099, 0.914, 37 C FMIMER S o %

HA. FHEA. «BEH. L BEA. BFAEREAR Ka
A5k 0.087 5X10%, 0.017 5X10*, 0.483X10", 1.120X

HaR

mol !

Table 2 Thermodynamic parameters of the caffeic acid-milk protein binding procedure
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Fig. 2 Lineweaver-Burk curves of caffeic acid and milk protein at different temperature

(a)—C(e) stands for the curves of caffeic acid with o-Casein, g-Casein, -Casein,

o-Lactalbumin, B-Lactoglobulin, respectively (—25 C, X37 C)

10 1.16X10" L » mol ', &5& NS 504 5120 0. 769, 0. 602,
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AG = AH — TAS
AG =— RTInK
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FHSHERIRER, BN AH>0, AS<<0 i}, 43T a]

YERM 12k B T# AR B K/E 15 34 AH<<0, AS<<0
N s el T (22 WAl i 2 = e R B BN = e T e Y (2
F715 2 AH>0, AS>0 i}, 2 F e/ J1 7T 86 5 K 1B H
J15 2 AH<C0. AS>>0 B, 40 F [ 4E ] Ji vl Ge 2 & i 5l
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X, Ry HARERHER AR E=50 Y0 (I FLBE B, S ubn
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Fig. 3 The UV absorption spectra of CA (1) and the fluorescence emission spectra of MP (2)
emp=cca=1.0X10"° mol « L', (a)—(e) stands for the spectra of caffeic

acid with a-Casein, -Casein, k-Casein, a-Lactalbumin, 3-Lactoglobulin, respectively

FLEE B OL 65 HERR 1Y 58 SN0 1 Y B 3
U 3 7 o AR 23 0 3 X 1] v Ol i 8 0 20 1 TG AROR

M ARG ESRY T 78 BRI AN BuE Nt
PR-32 R TG A 197 39 (8 K* = 2/3. Ir g Book
APIEFHME N=1. 4, FLEHZOLE 77 0=0. 15, f{
AGHRISR R 30 1o o R -5 Tk 3L 8 1 EE R E
L+ IS S YTt R B RE R A AR E, It 5

HOmHERR 5 7L A G AR I ZE S R, TR R AR
3. WIMERRS o SR BRRER . o MEH . «FLHE
H. BFLERERMAS S B 2% 0 2.91, 2.68, 2.72, 2.87
2,91 nm. f1F ro<<7 nm. FFEIARGERERFERE AT, 4
YCUEITIE R X 7L 8 A 2OEHE IR T AR O KO R BE
Py 5 S R ST
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Table 3 The binding distance between 70
caffeic acid and milk protein 604 ] = o5 -
i (em?® I]/- mol 1) ii; E :1011/1 g 301
MERR — o B EE 3. 4TE-15 7.94E41  0.115  2.91 ;«: 40
R — B R 1 3. 43E-15 7.85E41  0.174  2.68 o]
IR — S 3. 71E-15 8.49E-41  0.174  2.72 ﬁ
e — o AL R 1. 63E-15 LO6E40  0.160  2.87 a 201
R —pFLRER 3. 97E-15 9.09E-41  0.130  2.91 104
2.6 FLEBAXUIEEEE TR AL E R R0 ° qumrwgzl tas B il oTLA BRI
WMERR 55 LA 45 G s AR TS AR AR A 1B 4 TR .
PIFRPL A AL TR FR 1 22 B 2L AR 1 S WA M 1R 1) BT S AL T 12k T . o .
W AT AT A0 . DPPH 3 g5 SR, BR T B8R 1.0 1 =
H o FLEE SN, HAh =Fp 8 5 R MR ST A TG PR R 5 081
WA LA B 52 5 1 (p<<0. 01> Ll FRAP Iyt A8 bR s
BT BB, JUMIURTLEE A SIERRSS & 5 PL A IL S e
P ) SERARR AT A 0 i 3 25 SR (p<<0. 01D, 3 5 Aij 1 AR 1Y 4= 475 = 0.4
[ R R AR AR IV S 02
0

3 45 i

AR 61 B S ANRMOE TS BTFE 1 HERR 5 7L
HEAMAEGTEO, K E L5 N H S IGI R inERR
5 o MEEAZBIE RS 4G, 5 MER. «ALHEA
IS EVERIII NS, S oA, B-FLERE AU DK
PERIES G, I B S BEES <7 nm., 83T HLALm
MR 55 AN R LA AR 48 0T 00 ORI 5 7L i 2 T R 4%
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Spectral Properties of Interaction between Caffeic Acid and Milk Protein
and The Change in Antioxidant Capacity
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Abstract The interaction between caffeic acid and milk protein (o-casein, B-casein, k-casein, a-lactalbumin, B-lactoglobulin)
were studied in this work. The binding constant K, binding force, binding distance r, and transfer efficiency E were evaluated
by UV-absorption and fluorescence spectroscopy. The antioxidant capacity of the combination was determined using both
2, 2-diphenyl-1-picrylhydrazyl (DPPH) assay and ferric reducing antioxidant power (FRAP) assay. The results showed that the
interaction between milk protein and caffeic acid resulted in the endogenous fluorescence quenching of milk protein, which be-
longs to a static quenching mechanism. The negative sign of free energy meant that the interaction process was spontaneous. The
strength between caffeic acid and a-casein was electrostatic attraction (AH<C0, AS™0), and that between B-casein and o-Lactal-
bumin was hydrogen bonding (AH<C0, AS<C0). In addition, the strength of caffeic acid interacting with k-casein and B-lacto-
globulin was hydrophobic interaction (AH>0, AS>>0). The binding distance (+*< 7 nm) proved that caffeic acid lead to a static

quenching mechanism of milk protein. The antioxidant capacity of caffeic acid was inhibited by milk protein to different degrees.
Keywords Caffeic acid; Milk protein; Binding; Fluorescence and UV spectrum; Antioxidant
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