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Effects of Chlorogenic Acid on Formation of Fluorescent Advanced Glycation
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Abstract: A model system was constructed using chicken myofibrillar protein (MP) and glucose. The study

investigated the effects of different mass concentrations (0, 20, 40, 80, and 160 pg/mL) of chlorogenic acid on MP oxidation
and formation of fluorescent advanced glycation end products (fAGEs) in the model system. The fluorescence intensity of
fAGEs remarkably decreased from 14.29 to 8.89 (P<0.05) as the mass concentration of chlorogenic acid increased from 0 to
160 pg/mL. Meanwhile, the carbonyl content significantly decreased from 30.34 to 22.30 nmol/mg-pro (P<0.05) at a high

mass concentration of chlorogenic acid (160 pg/mL), while the thio barbituric acid reactive substances reduced from 17.11 to
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0.08 mg/kg pro (P<0.05). Consequently, the chlorogenic acid prevented oxidation of MP and intramuscular fat. In addition,

molecular docking results showed that chlorogenic acid inhibited fAGE formation by binding with lysine and arginine in MP.

In short, chlorogenic acid shows great prospects for application in preventing fAGE formation in meat products. This study

demonstrated a new method to inhibit MP oxidation and fAGE formation in chicken meat.
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Table 1 Effects of oxidation time and chlorogenic acid mass concentration on fAGEs in model systems

SR BR = RJE/(ng/mL)

AALET 1] /h

0 20 40 80 160

0 13.99 +0.02 12.54 +0.03% 11.41 £0.01 11.28 £0.01* 9.14 £0.01%
3 14.63 +0.03™ 12.68 +0.05"° 11.67 +0.00™ 11.59 +0.01* 9.08 +0.01%
5 14.29 +0.06™ 12.23 £0.02° 11.77 £0.01* 11.26 +0.01* 8.89 +0.00°

E: TBRFH (A~C) AT HEMBEE S RET AR BN AZ R ALESE LR (P<0.05); REFH (a~e) ZTHEAF
FALE A T RE R EREZ B A ERF 257 (P<0.05). &2, 3F.
R 2 SR EMERERERENZREHELHZIN

Table 2 Effects of oxidation time and chlorogenic acid mass concentration on residual lipid oxidation

E4bnt ) /h

2R B 2 IR /(ng/mL)

0 20 40 80 160

0 1.35+0.07% 0.42%0.19° 1.69 +0.26% 0.67£0.19" 0.63 +0.13"
3 17.11 £0.19™ 12.98 +0.51"° 8.17 £0.19™ 10.79 + 0.48" 0.08 +0.07™
5 9.44 +0.26™ 8.38+0.26" 4.13 £0.19% 1.14 +0.25™ 0.42 +0.15™
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Table 3 Effects of oxidation time and chlorogenic acid mass concentration on carbonyl, sulfydryl and surface hydrophobicity

FALEFE /b R IR /(ng/mL) B /(nmol/mg-pro) FiA/(nmol/mg-pro) K& F KM ug

0 21.41 +0.05° 87.65+0.56"  93.07 £ 021

20 21.61 +0.06* 89.05 + 0.46™ 93.56 +0.18

0 40 21.65 +0.02° 86.40 + 0.67° 82.83+0.15°
80 20.13 +0.06%° 7471 +0.842° 62.46 + 0.395¢

160 20.16 +0.09% 80.22+0.92%¢ 3818 +0.31%¢

0 26.49 +0.03% 77.50 £ 1.44%  107.88 +0.39"°

20 24.48 +0.03%° 87.65+0.78%*  102.34+0.324°

3 40 24.39 +0.035° 82.87 +1.78%° 86.73 + 0.24%¢
80 21.19 +0.03% 67.50 = 4.61% 69.85 + 03249

160 22.13 £0.03%4 71.77 £ 0.13% 4229 +0.324¢

0 30.34 £ 0.10%° 72.72£0.92° 10526 +0.245

20 25.87 +0.044° 82.06 % 0.66°° 99.87 + 0.24%°

5 40 24.69 + 0.034° 74.09 +2.08° 87.50 +0.09™°
80 24.14 + 0.06™ 66.69 +0.51< 61.16 £ 0.24%¢

160 22.30 +0.03A¢ 61.10 +1.01%4 29.05 + 0.24°

22 SRR IR R R R

w2, fEXTRA G, ALK A )55 3 h,
TBARS M 1.35 F+ % 17.11 mg/kg pro. {EAHEEHIZ
7E 5 h %EAIE R T, TBARS FEEEAL R ZE K,
M 17.11 F# % 9.44 mg/kg pro. X Al GE /& H T 78 3541
2T, BRI EIR B 5 B A i 2 BRI
i A I Y B SRR R (VR N, TBARS A &
LT BRI R, fEAA 3 h R &R T, TBARS
M 17.11 P& 2 0.08 mg/kg pro ; fE4U4L 5 h A F& 1,
TBARS M 9.44 [#% 0.42 mg/kg pro. PL EZEREIR,
SR R T LA Rk 22 e T Rk . o = RIS
T 5 Ff R B0 22 By 2K Jo et PR 1 & 10 g 7 8 Ak A 4 1)
YEF . 2B 280500 g 107 A R A ) mT DL 37 e
1 H 22 R BHL BT I 0 S8 1 1 el SRR A R I B, AT
DIE I il R BB i1 g s 1 A2 A AR

23 HREBANEGFRHKIEWN TN

WK 3 s, fERSRRIEAT AN, BEEA
Wr N B AL TR], SR A RUREE S RN 2141 THE
30.34 nmol/mg pro, H I & L F+ (P <0.05),

Akt A 5 A NI — . SEURE BTt
{1 J5 Rl — 5 T 2 R T 2 R R BRI B A, )
—J7 K BRI EAIR G =) (LHRN ) 5
FIEMMEE RN S5 & X EIIE T fg i B L
SR, EESERIENL (Sh) KRS, HEHESE
W% R B R FE e #1160 pg/mL, RIS EM 30.34 &
% 22.30 nmol/mg pro. & [ )5 Bk 7 5 b o 4% 5 R
JR IR P B T T B, IR SR A A G SR R BHLIKT T R
F 5 L (A B 42 . Qiu ZEP BT 5% b R B R
BRI, AT CUA R i il 8 B o Ak, BRIk
B,
24 ZEBNEARETAN W

W 3 fn, AESRERRII IR PSS =R
87.65 nmol/mg pro. Ffi#F AW FEMLEL, ST
AL 5 hJE RFE T 13.86%. RN S-H 3EFI7ER
Wi R AN T EisE . 7E7 20 pg/mL %5 R I
A G &R, FEEE E N 82.06 nmol/mg pro,
T AREGEERBEL Sh) KR, ERERERE
SRR RS, SESERI TR, £
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43 R R SR B IR ik F) 80 pg/mL, REAFAL, ik
(3 h) B, AL (5h) FiAld, SESEHMN
W PR, (HEEEESEM TR 7 10.73%. XEg5 R
TR S S R ) B R A I EIE R, EATRE
FH T B S TR AE S8 Ak 2% A T 5 3 2 A s i e 2%
e, T SRR . Cao BT TT
WSS AR, R OO0 S R % iR R ) VAR
SR N B, X e g L3R 0 41 5RO A e 4% R
SR .

2.5 HREBAMEEKNIFEEEARN P

WM 1a iR, BERMGRE, EARKRK
SR T I B PR X R B R S
FEC 11 25 11 9 SR A A 2 1 5 110D 2 ) 8 A RN AR PR B B
A, IS8 T B E IR E B R A )
W22 3 43 B E R B ER (] 1b), Sk (3 h)
(K 1e), &b (5h) #A (1) Hh, BEE
SRIF R R R IR B BT, VR M (R O R B
ik X W] RE A S SR B A ER 1A 5K A AN B R A
gif, MR TEARMSELER, BT NIEES
IR, Cao Z [ 50 Hh B8 195 1) 2 1) 465 44
IR 2% S R H M ON T R A 2%

2,6 FRBXEEFRE R AR R

W3 o, EXFIRA T, B ST
4 (0~3 h), BPB 454 & M 93.07 F+ % 107.88 pg,
FFT 1592% s fEEASh)E, X H 107.88 BF &
105.26 ug, FFET 2.43%. XA[AERATEELLIE T
L FEAE N B K R A 2 R R, T3 3R
BPB M4 & & Thm: BEE AR ERARNE, &
HRRES TG, THEER, okt
TEWH, RMGKMER T B 7555 R R IR
Bieb, RTHE KRR EK. /£ 160 pg/mL
SRR AR T, DOREANFSE AL 3 h, KIHHIK
PEEFET 9.72%, T SR B A5 AL b 3 T B
KM BT, Li PR RILE AR
FAGRT R IR R T, fEsmE R, R
B KR NREES. BERESNE, RHAT
SEIFRFR M 0 ) 160 pg/mL, R G/KMEREE FET
58.98% (P<<0.05). XA[REZH T 4R R7ESFHEA
JRAC R BRI T 3R K SE [ ax gt AR ENIE T 4%
RS EARES, FETHRMZL. 7AW
FRY, REFRIFSFEARKELK, FETE
THT 57 7K P R B A
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Table 4 Correlation analysis between oxidation time and chlorogenic acid concentration and each index of MP and fAGEs

JRERIE FALET 1] fAGEs B FAk TBARS  A@FAKM4

JRERE 1 0 -0.67** ~0.43%* ~0.42%% —0.54%* -0.62%*
FALET ] 1 0.25 0.82%* —0.74%* 0.09 -0.59**

fAGEs 1 0.66** 0.02 0.58%* 0.38*

Bk 1 ~0.40%* 0.46%** -0.25

AL 1 -0.00 0.58%*
TBARS 1 0.35%

R B 1

ErRTEFRE, P<005; ™ EAFEFMEZE, P<0.01.

u0-0
03 ..
i o 06L ® ® Surface hydrophobicity
3 16058052 :205_0 Sulfydryl
2r 160-3 33% s 1\;16265_52 40-5 3 o 04y
L 160-32 8025 3 7 @03 53 g g »20-5
1 1603 1 80_3&2“‘%52& p20s2 03 CMa0S3\ A 400 — 02F fAGEs
& 0 80- g #2321 G40 = TBARSe g
= 160-0 2 160-03 203182033 03128 qa05 a 00
-1k 80-0 1D160-0 1 40 o 03
80-030>80-0 207 >80-0
oL 40-0 lﬁ;‘aﬁ 02 #80-3 -0.2 - som]
01 w0.0[3 m0-03 *80-5 Carbony.
-3t oo ©160-0 04} °
-4 L 1 L 1 L L #160-3 -0.6 | | 1 1 1 1
<4 3 2 -1 0 1 2 3 » 1605 =01 00 01 02 03 04 05 06
R2X[1]=0.442 R2X[2]=0.366 Ellipse: Hotelling's T2 (95%) R2X[1]= 0.442 R2X[2]= 0.366

t[1] p[1]
2 BREEXT MP ISR fAGEs MK ER 547 (PCA)
Fig. 2 PCA of effects of chlorogenic acid on MP oxidation and fAGEs

7E: 0-0: XTEBLAE; 0-3: AL 3 h #gaFEBLE; 0-5: AL 5 h a9t iB4E; 20-0 1 4 20 ug/mL GRERM R AAIKE ; 20-3 ¢
420 pg/mL ZRB AN (3h) 4R %R 20-5: 4 20 pg/mL SRRBRAG AL (Sh) 4R % ; 40-0: 4 40 pg/mL R BREG R BMAR F
40-3 : 4 40 ng/mL LR B A AL (3 h) 4R % 40-5: 4 40 pg/mL 4L RBR4I RAL (5h) KA ; 80-0: 4 80 pg/mL 4E/RER4Y
REMAKE; 80-3: 4 80 ng/mL LERELAGAAL (3h) KA, 80-5: 4 80 pg/mL S/RER GG B4 (5h) 4R E; 160-0 : 4 160 ug/mL %k

JRERH R BAAIR A5 160-3 1 4 160 ng/mL ZRRELGI R (3h) 4R A; 160-5: 4 160 ug/mL ZERELGGEA (5h) R A,

LRIIR

v AR
3 RIRES MP 5 F X H4EHL

Fig.3 Molecular docking simulation of chlorogenic acid and MP

> 4
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N T RERIR IR B AL S FAGEs A B2 8] 1)
PR, XFHBAT TS M. k4 s, %4k
IFIE] 5 MP $kFE . TBARS 23R # EAS; 53t
BERCRAE . R IUNE A OG, X SR I
RAESH T EAFREMGTEDNER RN KER
S-H ALy — ikt . fAGEs 5#3E. TBARS &
UM R IEA % $-IE S TBARS £HIM B IEA><.
I, fAGEs A2 B 158 Hh 2 1 o S IR ot i stk
K, AT RE R HEEAE W7 A A =Wy TAGEs B4R R
PR T E B TR S A A, [FI HE  AR
AL T MP (L. SRR S fAGEs. 5 i
PRI K TBARS FH2 [H] 5 7K 14 S A S 47 A OG5
g nm 2R EA DG, IXuegs R, &
JR BN AL & FAGESs FZE GRS T I ER ,
PRI T MP #1555 7 I IR 254

R T BRI 4 R R 5 1 A AL & FAGESs
MIER &R, X &R ARdEAT T E s> 704 (PCA).
mE 2, B5E (PC1vs PC2) (5 T7 %11 80.8%,
FREAR AR IR ST, B 160 pg/mL %% JF R 1 BE A
MIEAEAT o B T A, AR IR A 1 R A R%
TER S EAM, XERE SRR I 2 {44
AR FEMELAN. AT B H fAGEs. TBARS.
I REM TR OMMAN, 5&REKRE
(160 pg/mL) HIFEAR R EAH %, IXF I fAGEs.
TBARS. #5176 /= 03 & 9 B 1 4 JR R 2% 10 F &
K. Bk, 205 R Rk R R A &
fAGEs A= A i 4E .

BT BRI AR, R 7 0 B £k R
g #| fAGEs A2 i INLEI AT IR 9T . — MR UL, 43
T REEI 45 A Be /N T 0 keal/mol, X ANEE G 2 BEMS
RN EHN IR R AP SRR TR
BE T DU Sk MP FIE R, HEd
REMK T 0 kcal/mol. WIK 3 AR, SEJERYS MP fI45
HhLEAMERE (Lysine, LYS), Fi% 2 (Arginine,
ARG), K& & R (Aspartic acid, ASP), H & &
(Glycine, GLY) %5, DYVt 45 B 1 45 & fE 7
N -3.93. -3.11. -2.98 fil -2.79 kcal/mol. F: 1,
LYS 1 ARG & fAGEs 4= B [ 85 2 i 44 5 s (At
SRR ] fg i@t 5 LYS Al ARG KA FEILAN 454>
I/ B B LYS AT ARG B &, M| fAGEs
(A B o
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ARCE LT T AR B A & b i B A
J fAGEs A= it . S5 5RR Y SRR LA
BEAR IR DT O SE A RE R s B BRI E (160 pg/mL)
(2R JE R R DUA R BBk A FAGEs A . 701
MHERACREY], ZRIAR W BEIEIE 5 LYS M ARG 1)
eI A, SRANH| AGEs A . BRIk, 7EXSHA
I 2R JE R R L B 1 B ) AL AT FAGEs (2
J8, k> BEE TAGESs BRI AU .
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