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Effect of Chlorogenic Acid on Qualities of Grass Carp Processed by Different Cooking Methods

LI Junke, SUN Xuemei, LIU Quanwen, TAN Xiaomian
(College of Food Engineering, Ludong University, Yantai 264025, China)

Abstract: In the present experiment, we investigated the effects of cooking method and chlorogenic acid on the quality of
grass carp. Four cooking methods were evaluated namely, roasting, pan-frying, deep-fat frying and grilling. Chlorogenic
acid was added at levels of 0.015%, 0.030% and 0.045%. Changes in the texture, color, cooking loss, heterocyclic amine
formation of fish patties were determined. The results showed that addition of chlorogenic acid significantly increased
hardness and elasticity (P < 0.05), but had no significant effect on chewiness (P > 0.05), and reduced cooking loss. It
resulted in a decrease in L* and a* value and an increase in b* (P < 0.05). Deep-fat frying could improve the quality of grass
carp meat most obviously among these cooking methods. Compared to the control group, the incorporation of chlorogenic
acid significantly decreased the content of heterocyclic amines (HCAs) (P < 0.05). The inhibitory rate was higher than
50% with the addition of 0.015% chlorogenic acid and it increased up to 94.85% at an addition level of 0.045%. These
results suggested chlorogenic acid addition could evidently inhibit the formation of HCAs in grass carp meat during high-
temperature cooking, improve the color and texture, and decrease cooking loss, which provides a theoretical basis for
improving the quality of processed foods.
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DK I [4,5-A W2 Ik (2-amino-3,8-dimethylimidazo[4,5-/]
quinoxaline, MelQx, CAS No. 77500-04-0) . PhIP
(CAS No. 105650-23-5) . 2-FFL-3,4,8- = H Lk mg jf:
[4,5-f] 2k (imidazo[4,5-f]quinoxalin-2-amine-3,4,8-
trimethyl, 4,8-DiMelQx, CAS No. 95896-78-9) .
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Table1l Preparation of fish patty samples
AR i BERENE% A O SRR INE%
1 ks 0 9 e 0.030
2 Hiks 0 10 Fiks 0.030
3 i 0 11 T 0.030
4 W 0 12 U3 0.030
5 I 0.015 13 e 0.045
6 Hiks 0015 14 Fiks 0.045
7 i 0.015 15 T 0.045
8 etk 0.015 16 Vi 0.045

132 e

KW e fE T #k . nHEMES ANdERR, AT AR
AR . eS8 RAPSOMIIR K, TFIEFERATE
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200 A /s,
133 EieA el e
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KRR K (0.5 mL) AN, TS b 5
fIC ok, HAEH2 mLEEEMS mLAE K T3 —b 4
oo TE5 — AT EE M C b F X 4R %L (20 mL,
0.5 mol/L, pH 8.5) phyfesuwiffi FHIPRSAE, K Ak
MR KA R B AEPRSHE . B Ja, AT mL & /K- g
(1:9, VIV) PhieBiNC bt W, RABE G
11022 pm /e e FLIEIE AR R, HEIRAE, FF
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Table2 Changes in texture of fish patties with cooking method and
chlorogenic acid addition

TR SRR IR/ % il /g FE/mm HEL I /m)
0 77.734£1.49° 5974025 5914023

0.015 79.24+1.12° 6.474+0.18™  6.04+0.19"
s 0.030 81.47+1.85" 6.684+0.26" 5.9440.09"
0.045 85.16+1.48" 7.2240.03" 5.8240.19°

0 77.90+£0.17° 9.344+0.74°  3.5240.15"

o 0.015 79.48+1.43" 10.74+0.16° 3.67+0.14
¥ 0.030 80.5442.18" 10.9240.08" 3.60+0.08°
0.045 82.19+2.68" 11.20+0.23" 3.59+0.03"

0 88.41+091¢ 4.75+0.07° 7.55+0.12°

A 0.015 91.45+1.89° 4.934+0.16° 7.62+0.07"
pFs 0.030 94754243 5.06+£0.34° 7.59+0.12°
0.045 98.47+2.54" 52740.12"  7.63+0.08"

0 88.3240.96° 6.3440.15°  6.8440.27"

sk 0.015 90.13+£0.41"  6.91+0.02° 6.78+0.09°
0.030 91.084+1.95° 7.254+021° 6.96+0.17°
0.045 94.12+1.93" 7.82+0.57" 6.89+0.29"

e MR LRSI R T RERORZR B (P<0.05) . K3[H.
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(RE &L, #PEIAF11.20 mm.
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B, HER2AT WL, R4 PSS, SRR
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K, RMRIFTR. BEMRIGS R, LMERERRE
FE, MO~100fREHEEH; a*EMREBLOS S EHIEH
HILFIRE, a*(HBKARREE B, b*EMARE S
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SFIBL A, AT A LA A B M, T a*{E
DA K . H LHE BRI AT 2 e, xR
FewFE I T R B B B B, LA S/ R
NHRERE S, RDRTRE (R S 7E S A R LA R It
Ho WINSER G, BESERANMER LA, L*EmM
a* BB, b*E ETF, RIS TR, FEAH G A 3 o
o Mk F R TR I K 30.030%A10.045% I, 4% 7 R
STRE AT B (P<0.05) . a™EI/N AT RE 5
A2, mEILLE A AT Gt 2 A N a5 B A
FlEysm, sk R B AE A — P RARPUAAH], HIH] TR
il HH Ik I 4T 3R ) B A AN R LA B IR 2R i, R B4R
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#3 SFRBRLEXBEREMN (XLs, n=3)

Table3  Effect of chlorogenic acid on color of fish patties (xxs, n = 3)
IR SRR N/ % L* a* b*
0 3406+1.07° 9394023  11.67+0.30°
0.015 33.6240.89° 9.1540.19" 13.4840.23°
& 0.030 32.97+0.59* 9.01+0.08" 14.0940.49°
0.045 32.2840.71° 8.824+0.12° 1527+0.25"
0 37.3540.23" 11.1840.16" 16.84+0.18°
o 0.015 36.10+£0.28" 10.91+£0.04" 16.93+£0.02"
R 0.030 35.89+0.22° 10.53+£0.38" 17.03+£0.12"
0.045 352240.16° 10.20+0.17° 17.76+0.43"
0 36.61£0.62° 8.74+0.41° 13.79+021°
0.015 32.2840.12° 8.21+0.03" 14.06+0.15"
B 0.030 30.96+0.39° 8.0320.14" 14.18+£0.06°
0.045 29.46+0.05°  7.96+£0.02° 14.23+£0.17"
0 29.14+0.24" 10.58+0.11° 17.25+0.26
ik 0.015 28.65+0.15" 10.194£0.09" 17.53+£0.33"
0.030 27.9940.03° 9.94+0.21" 17.974+0.21°
0.045 27.554£0.12° 9.73£0.10° 18.000.14"

2.3 SRJRERX AN AR R

0 %% ([ xR = 0.030%%% 5%
70  O0.015%%EREE  m0.045% 48R
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Fig.1  Effect of chlorogenic acid on cooking loss of fish patties
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B, I 2 IR RS N R PR T i I A R O T D
0.045%x JR FR AL BE (194 FhFE - 20 #5125 9 47.69%
Ex HE AP 300800 T 8.17% . Forb, I #dit 2k B AR B K
[520.045 % 25 i 1R A0 BEIK) KA i, DA R T
11.88%; N FAA5R FEAR B /I )52 (R RE AR B K AP RS 1
AT3.51%, X AT HEHRE K PR (A0 At SR AR L LA 3 il
AN R A B AR, i A2 S SR R A W S

IR BRI D T FE IR, XA D kR
RRAF N PUAAT), fEEARAES R R ER, 1
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Wk w#, FE56~62 CZIal, PONAMILAR S, 2 2 27
IR, ARHE T AL h R
R BLE3 AR E,  ABL I T5AS

A B R 5

2.4 SRJEER NP AR AR I R
212 Fh A e bs B R bR vE R 2R, LRV T FE SR 4
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Table4 Standard curve equation

LI JiFE R
1Q Y=0.055 963 6X 0.999 9
MelQ Y=0.076 121 7X 0.999 8
MelQx Y=0.037 969 1X 0.999 8
4,8-DiMelQx Y=0.053 826 9X 0.999 5
7,8-DiMelQx Y=0.057 457 8X 0.999 5
Trp-P-2 Y=0.003 674 2X 0.999 1
Trp-P-1 Y=0.017 516 9X 0.998 4
PhIP Y=0.059 061 6X 0.997 1
AoC Y=0.005 789 1X 0.987 4
Norharman Y=0.011933 6X 0.994 8
Harman Y=0.019977 1X 0.997 2
MeAaC Y=0.008 865 76X 0.988 2

IE 5y BIAAN0.015% . 0.030%. 0.045% (1145 )58 )i
WVERL M SR & B, TR G2/ = (B H
X BRI IR & B — FEM R B 2 28D 1 LR AR ER
B aX100) , H 5T AHNE, WRSFR.

%5 BFEMHRARESROEW (X5, n=3)

Table 5 Effect of chlorogenic acid on HCA content of
fish patties (xxs, n =3)

sy PEMEAD 00154 ER 0030%4E R 0.045% 4R R

(ughg) BB/ (ugkg) HIE%I%C BB (kg MHE% AR (ugke) HHE

10 09440010 059017 3931 03ME014 6813 0218£0080° 7115
MelQ 1026541326 T0ME096 31T 39510252 6151 21360096 79.19
MelQx 135040630 0634048 5319 046940175 6526 021010086 8444
A8DIMeIQx 17657H2747 61451013 6520 263140054 8510 L947E0I7E 8897
78DIMeIQx 096340048 059140092 3863 023£0019° 7788 0162£003° 8318
Trp-P-2 - - - - - - -
TrpP-l 022520019 - - - - - -
PP 6331398 33TTEOGT 4666 15T8L0480°
AoC - - - - - - -
Notharman  ST41E1004°  1942+0041° 6617 - - - -
Human 63010153 3874+0041° 38890 146510334 7689 - -
MeAoC - - - - - - -
o 49805 24,154 51.52 10611 870 2564 9485

Ee FATARF B R ZR RS (P<0.05) « — it

23 DR A R TR MR A M A R T R BN A
P2l e SR iB R ) 1E 7 R R il [ R P S T bt 7N A Y = O
FRACHRFIRE R TR, AR AT 2 B30 . HFESR R RR A
IR, R R B E R, HIR T .

ol = ID0 I N SRPE N - Nl 0 S 7 N
4,8-DiMelQx, % F17.657 nglkg, R /N2 R I
A&Trp-P-1, & 8780225 pg/kg. SILFEIES, =5 XA
I3 P A R R 1 T, TQZ R BRI I A= Bl i
T AETQAY J PR ) AR i, 6o SR ZE R 52 56 4 35 AR A
Trp-P-2. AaCHIMeAaC, HJfEH JyIk3 Fh A3 iz )E +3E
IQR J3h %, FEA IR AE300 C LA L, ASZIGFE S
BILE180 CoAAF FAbFE, FEOX LA IALER = 4 Sk
B T & B A B U ) R A G P e A2 3 M R
EERRER .

2 B 4 R TR 40 1A 5 3 1 22 IR L 2 PhIP
NorharmanflHarman, NorharmanfI1PhIP7E0.030% %3 Ji
FR AL PRI ©JC A Y, Harman?E0.045 % %4 J5 R Ak 7 I
WAL E TVER & . Trp-P-15 & B40.015% % )7
PR MO HE 5 AR TR H PR, (H 2 (A R A ) Trp-P- 10 & A
ARAK, AUF0.225 pnglkg, HAS R HI T 52 2 Ji BR A1 ]
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