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Abstract: The effect of baking degree on the change of seven chlorogenic acid compounds in 10
different origins (origin 1: Yunnan, origin 2: Africa and America) of Cardim coffee. The content of
chlorogenic acid, neochlorogenic acid, cryptochlorogenic acid, isochlorogenic acid A, isochlorogenic

acid B, isochlorogenic acid C and 5-ferulicquinic acid in green coffee and baked coffee were determined
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by high performance liquid chromategraphy (HPLC). The optimum extraction conditions of seven
chlorogenic acid compounds were optimized by response surface methodology. 100 mL 0.1% phosphoric
acid solution was extracted in water bath for 30 min, and the calibration curves of the seven chlorogenic
acid compounds showed good linearity with correlation coefficients of above 0.999 4 in the range of
2~150 mg/L. Limit of the detection (LOD) and the limit of the quantitative (LOQ) were 0.005~0.5 mg/g
and 0.02~2 mg/g respectively. The content of chlorogenic acid in green coffee beans was the highest,
followed by 5-ferulicquinic acid. With the increase of baking degree, the content of chlorogenic acid
and 5-ferulicquinic acid decreased significantly (P<0.05). The content of neochlorogenic acid and
cryptochlorogenic acid increased first and then decreased. The degradation rate of isochlorogenic acid A
was significantly higher than that of isochlorogenic acid B and isochlorogenic acid C. The degradation
rate of chlorogenic acid and 5-ferulicquinic acid was relatively stable compared with the other six kinds
of chlorogenic acid. Through the study of the content changes of seven kinds of chlorogenic acid
compounds under different baking degrees can further evaluate the efficacy of chlorogenic acids in
coffee, and provide a reference basis for the quality control of coffee baking.

Key words. coffee; chlorogenic acid content; baking degree; degradation; high performance liquid
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B —RAKREE, SRBENER, 4G Er
6%~12%""1, ‘B AT LA B SFAL R TLATT ST A A &2
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1 #RIFEZE
1.1 #Rt5iRF

R (optrat ). m)Nvape Rl A RA B
FR( 3 A ): T KU Ak 2 1R R AT B 7 5
O (ke ), HEE (ki ). J.T.Baker,

SRR . BRERIRIR . kiR . SRR B
SERER A FEEERR C (1000 ng/mL ). K HRA
IRERLE AR A A S-PIEBEZE TR (4l =
98% ): iR AE YR A PR A F]
12 UHF5EH

LC-20A SRR AH GG : HALHAF;
AL204 15y Z—WF RV En bR 28
F]; DISCV-1V-60 Zli/K &% : = rwHmisdt 0A
FRAH]; BRZ2 MIHEHEESHL . Colorette 3b E L mim
MEZ (A 2 A . VTA6S3 b nmEAIF 4 . f ]
PROBAT X &5/ H] o
1.3 FREBREH

HEBRFRIC S-FBAMEZE TR 5 mg FHH BA TR
EART SmL FRifH, FEWKE N | mg/mL; 43
BIBUF R DY 1000 pg/mL FRsR R Brak )i
2. F&FR A, SRR B, F&ER C s
HEVR A 50 uL, SEJRER 150 pL, S-BimtZsT
2 100 uL FHHEEEAZE 1 mL, 152 Bast iR . B
SRR . REEIR A, FAERR B, FEUERR C
W 2N 50 mg/L  5-Fal BRIEZE T R B 100 mg/L
SRIERR M E R 150 mg/L AYBRERE FIR , IF R Z
RABECHIL 2. 5. 10, 20, 40, 50 mg/L & 5-
BT AR I Zs T BR XTI 2 FF FNERIFFR XTI 3 A5k BE (1)
e M2 RPN
1.4 W REHEE

10 SZWHE &y 300 H 41 R R A T Rl
K, I Ml réy i e U S50 B B 12 AR SRy SIS A
fi s 10 SZOMME S (5 BRI 1,
5 HmurabE

W S50 R i 2 AR A 60 H AORE S, 1
BFREUHE i 0.2~0.3 g (K5 % 0.1 mg) T 100 mL
@i, A 100 mL 0.1%BEMRIER, Wk
HOim# 30 min, BRHEH 0.1%BERE R E A E

=

F1 10XMHENER

Tablel Theinformation of 10 coffee beans

P 77 ' e

1# T H o# I v AR B

21 W IH X TH# KIE)IH

3# PR L B BE X 8 HIe W e HBH = X
44 AR 1L B BH X 9# FHE LB 2 77 X
5# =y i) 10# UL 42 T 2

100 mL, i 0.45 pm /KRB IE)E, LW 1.5 1)
Tk SR AT IS ST .
1.6 fifEst

3 F: . Aglient ZORBAX ODS-C18( 150 mmx
4.6 mm, 5 um); H#: 1.0 mL/min; & : 35 °C;
Kl e : 330 nm; FHEFEEN: 10 uL; WA A:
0.5% L RIKE WL, st B: N, BRI
%2,

F2 HREZREBE
Table2 Thetable of gradient elution

BffE]/min i /(mL/min) A RSIAH/% B iRsIH%
0 1.00 95 5
20 1.00 85 15
22 1.00 75 25
25 1.00 85 15
35 1.00 75 25
40 1.00 95 5

1.7 NHEZ 4 S A A

10 SZMME 28 %l R HE RS e P 1 A ks it
LATFN ML | Pt | TRUESE 3 ADREEERHLE
RERELr e S22 WA S I, AT I E 3 K
e, BOFBME N EESS

HERFHIZE . K 100 g ZEmME SR ABLREHLA
WEME 4. AEHRE 160 °C, 2 min Bk [
5 130 °C, #EHIFE] 6 min; #HRJE 150 °C;
FEREITE] 7.5 ming FEFRIREE . 180 °C; RI#EA—
MR EC ML, BEECR 8~8.5 min, i HLIR
185 °C, — &5 AR G oA Rt ) B[] 9~9.5 min,
HERE 190 °C, At SO TR, i)
10~10.5 min, H S iRE 200 °C, (AETEE (AR
155~176; Hilk: 94~120; RHL: 64~71), L7 K
LTENLE 1,
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Fig.1 Roasting curve

1.8 HEERXW

D23t Ji R 1) 2 BB A Sy i IS A, X6 Wl R T W
IR A8 (0.025% . 0.05%., 0.1%., 0.125%.
0.15% ), WCRFEE (300 1,400 : 1,500 : 1,600 :
1,700 :1)(mL : g) MPEHUE (20, 30, 40,
45 min ) 3 NEZEHNRIFITELE,
19 HiEsE

& FH Design Expert 12 Fil ORIGINPRO %t {4k

P Yo A i Ak L Py R A T R R) 2R S R 3 T
I3Hr, RF ORIGINPRO #EA7 B[R & 75 22 40 #T
P<0.05 #/R AL % .
2 HR5H5H
21 HRETAESERRL
211 A E SIS

UEERR AT BN 0.025%~0.1%0, 43¢5
T2 110 12 Ik o 5 ol TR AR FR A B ) 3 i R, 2
WRBR IR TR /0 B gk et Kot , $REUR /i PR, £
FUEGRRA S — AR, RSP RT
L JEUR 1) $R IR, T R M O iR 2 T R R TR 1Y TR
fiff o W2 TRORE B B BRCRS [A] 38 K, SRS 34 Bt
Z EFb, BRI F] 500 1 B4R R R R EUE
TR T, W] BB FE IO IR BG i, 24 s
THE T LR IR 1 $2 5 K VA B U (8] =30 min B,
PEHCR I TR, N UL BE 2R IR AR R4 Bl
0.1%, WRHEH 500 @ 1, $REURHE] N 30 min, 3¢
LK 2.

40, 36 ¢
355 |
~ ~ 34 —~ -
> 35 \-\ > 32| o 350f S
E, 30| g, 30 + S, 345
Eﬂ Eﬂ 28| Eﬂ 340
8 25y & 2671 & 335
53 i 24 ¢ % 330
20 I :
® & % ® 35
sl . : : : : : 32,0 L— : : : : :
0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 300 400 500 600 700 20 25 30 35 40 45

BRRIATI %

FBBHL/(mL ¢ g)

PR ] /min

2 BEEAXBLHER
Fig.2 Resultsof single factor experiment

2.1.2  Box-Behnken M v [ 4L 5256

FERL RS n e Al b, DABE R 1R B4 2K
(X)), MR (Xo) FIEREREE (X;) AH 5K
Z, M4E Box-Behnken Wi i 2 HEAT =P 2 =K
PSR TE,  DASR R 1 4 R (Y) S i B AE
AT R T M o SEg iRt AR AR 3. B
Design-Expert 12 XJEHs #4722 5026 1 01 19 F —
ARG, B IR

Y=38.20+1.89X,+0.937 5X,+0.4X;-0.475X; Xo—
1.15X,X3-0.45X,X5—4.34X-5.39X3-4.86X3

XA BL R IR AT Oy 225081, P<0.000 1, F=
283.37, FRBHMIARLAY AT & B &, [RA,

JAUT P=0.106 4>0.05, Jolg &Mk, 1 BH e R {E
50N Z (B A B G BE AR AE B . AL
ORIGIN 12 fill 2% K 28 3¢ A FH %) e 1z 1 &1
nie 7 T 4B R A, R W R 3R % i 7 {1 ) 5 e
2N (13 B T A NN TS | O D V(=R A T S PN
G Sy TR A AR 3 5> VBOR EE > B 1]
2.1.3  HRAVEIE

3 O0F BT UH 5 R SR A, A5 38 e A SR A
T BERRIARFRECN 0.105%, WORHEL A 463.853
(mL : g), HEHUGFE]Y 32.812 min, FHIN A o 5
{80 38.419 mg/g., NI ELFRERIE, B Lk &R
B W TR AT E 0.1%, WROBHLE 500 = 1, $RIERAT
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Table3 Factors, levels and results of Box-Behnken experiments
s @éﬁéﬁi oAl R/ &m SRR A o @%ﬁa‘;w Al TORL G/ fﬁ;m SRR S
380 % (mL : g) I (8] /min (mg/g) 78 % (mL : g) i 8] /min (mg/g)

1 0.0875 300 20 26.4 10 0.0875 450 32.5 38.3
2 0.0250 450 45 29.1 11 0.1500 450 20 31.2
3 0.0875 450 32.5 38.1 12 0.0875 450 32.5 38.4
4 0.0875 450 32.5 37.8 13 0.0250 300 32.5 25.0
5 0.0875 600 20 29.2 14 0.1500 300 32.5 30.1
6 0.0875 300 45 27.6 15 0.0250 600 32.5 27.8
7 0.0250 450 20 25.5 16 0.1500 600 32.5 31.0
8 0.0875 450 3255 384 17 0.1500 450 45 30.2
9 0.0875 600 45 28.6

(I»

l/o/o

550

400, <

B 3 &REEXEMERKNGNEE
Fig.3 Response surface plot of interaction of various factors

] 30 min, FEZAAET, HEAT 3 UOFATIL R 50 EA
U REME . 25, TIEREUR 38.35 me/g,
EAN 2 0.18%, ML, KA
WA AT SR
22 BILEFHNERE

FEWKR THR-F . MR- s
FEHR . FEEIR B MRS ER A S5,
K 28— N VE A 3 s A 1 43 15 B O T W i —
BV, WOR H CR- NGB R TR s . 85 R R
7 FhaRIRIRAC G W oy B R R, MR AR SRR
T IEA T B AR R E TR PR T SR
JER & i 150 mg/L ) F1H AEAE o a3 1] DL I 4
23 FEWEZMETEEMNGHR

TR . KR TS, 7 Fh
SIFRR AW IS Lt R MR B
B BRI E R RPE LR 4. 7 MERIFRILSWTE
2~150 mg/L yu N B RIFMLME R, H 3 A%

20500,
20 : 20
600 o V600
2
"6

s |

[ TR NS | I
0 10 20 30 20

-3
— - — }L. A — ;A,TA_JLLa&/;ﬁS — S
0 10 20 30 40
Pl /min

LB 2. SR 3. RERERR; 4. S-PIBLREE T
;s 5. &AM B; 6. &R A; 7. &R C
1. Neochlorogenic acid; 2. Chlorogenic acid; 3. Cryptochlorogenic
acid; 4. 5-O-ferulatequinic acid; 5. Isochlorogenic acid B; 6. isochlorogenic
acid A; 7. Isochlorogenic acid C
4 REMEREK (RRBRSE 150mg/L ) (A) 0
iR (B) HPLC
Fig.4 HPLC Diagram of mixed standard solution
(chlorogenic acid 150mg/L) (A) and medium
baked sample (B)

fEMELL . 10 A515F M L TH 5 07 I i At BR A
FR, J¥EK R 0.005~0.5 mg/g, EFR 0.02~
2 mg/g, BEGEHHEEIMME 7 FhagEIRIL G Y E =
G HTHIEK .
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S VERCR AT BRI TR AR
SRATEIN 1.3 BARHERE A (L R iR . B
SRR . REEIR A, FAUERR B, FEERR C
WeRE Sl 50 mg/L 5-Bil AR IE 4 T R vk 4 100 mg/L
SEJF R A 150 mg/L AYFRERE FHI ) 500 pL .
1500 pL, #% 1.5 S8 SUAFERTAL S , 4% 1.6 BIALER
ST o BENESIKEEATIE 6 Ik, 11

7 FhERIERR AL A W (01240 T3 RV AT A O 22

DA S )7 IR R B RORS 0, 7% 0.1~0.3 mg/g.

0.3~0.9 mg/g PIP /K- BEA T s Rl S5, i Y
o B AN mCRTE LR 50 7 Ik A9 RIS [
86.2%~103.0%; AHXARAEMZ 2.7%~5.1%; 5%
GB/T 27404—2008( 5 46 % ot f 42 | MLy £t 2
RN ) AR, W LR unME 7 Fhag R ik
E W E T

R4 THRERUSYHLIEEE. KEAE. RHRIEERR

Table4 Linear range, linear equation, detection limit and quantification of 7 chlorogenic acid compounds
A LR LR [l /(mg/L) AHIE R B K H R /(mg/g) 7 2/ (mg/g)

LR R Y=31 246.8X-22 679.8 6~150 0.999 9 0.005 0.02

e S Y=30 476.2X-8 919.14 2~50 0.999 9 0.01 0.04
ek IR R Y=30 064.5X-5 629.82 2~50 0.999 99 0.01 0.04
FEJEIR B Y=36 879.7X-13 883 2~50 0.999 4 0.05 0.2
SRR A Y=42 059.5X-18 732.5 2~50 0.999 7 0.1 0.4
FEJEIR C Y=40 065X-33 140.3 2~50 0.999 95 0.1 0.4

5-F R BEZE TR Y=3 065.8X-2 093.4 4~100 0.999 99 0.5 2

x5 FEMOWEREZE

Table5 Recovery and precision of the method

R 12 SR K GEALNE SR K
AR Jnbrf/ Mean/  RSD/  Jiibnit/ Mean/  RSD/  JifRiE/ Mean/ RSD/  Jiifii/ Mean/  RSD/

(mg/g) % %  (mgg % %  (mglg % %  (mglg % %
ey 0.3 90.8 4.7 0.9 91.4 3.8 0.3 88.3 4.4 0.9 93.5 3.4
Fe sk SR R 0.1 103.0 3.4 0.3 98.7 3.2 0.1 92.5 3.8 0.3 92.9 3.7
Bk SR 0.1 94.7 2.7 0.3 96.4 35 0.1 90.6 3.5 0.3 92.8 4.6
SRR B 0.1 88.5 3.9 0.3 102.5 4.6 0.1 87.3 3.6 0.3 96.4 3.7
SERJRIR A 0.1 87.8 4.2 0.3 90.3 3.1 0.1 88.4 4.5 0.3 89.6 2.9
AR C 0.1 90.9 4.8 0.3 91.4 2.9 0.1 88.0 4.8 0.3 94.3 43
5P B R 2 TR 0.2 91.8 2.8 0.6 94.7 3.0 0.2 86.2 33 0.6 93.8 5.1

¥ : MEAN R FEH R, RSD R AT bR e fn 22

Note: MEAN represents average recovery rate, RSD represents relative standard deviation.

25 AEFRMHEEHREREBRSEMEE
XF 10 SCAS [ 7 b g Wl A= 5258 )8 1 7 At Ji
ik G s aie, Hed 7 FatEmRib s e e
WY 85.8~105.3 mg/g, v )2 i 2w
105.3 mg/g, HUENKIMME 102.6 mg/g; %k
JEPRIE il 38.6~59.7 mg/g, M &R D
2 Ik 59.7 mg/g, HK & 22 WMHE 55.0 mg/g,
SRR Fr i 7 RIS W SR Y 42.9%~
60.7%; S-PiIBRMELE TR % i 25.4~38.9 mg/g, i
B B2 R BRI 38.9 mg/g, HUKJE 8 ik
35.6 mg/g, i 7 FERIEIRILG Y SER 25.8%~

38.3%. HIERIEMR . FRAERIR . REFER A 7
ZRRIR B AR EIR C WS 53N 2.2~3.8 mg/g.
4.3~5.7mg/g. 1.6~5.7 mg/g. 0.7~1.7 mg/g. 1.2~
3.0 mg/g.

MR A TR SRR B e, HOKOE 5-PTER
BEZS TR, Wk Srh 7 RhaRIE AL A
A TR Y 8.6%~10.5%, 5 ARIANAUMRIEZ,
R—8G HROE s-Baimezs e, vk s s-
BRI ZE TR o S A R R 2.5%~3.9%, 4
S 5 CLIFFORD AND JARVIS! 5% 45 BLAH L35
i, AR AT R A PR EUR FH e i A 2 R

107



mRER

.
WAL
e e s

E31% 2023 F F 45

FE4, T CLIFFORD AND JARVIS 58 Wi &
FR DA . TP Xt 7 Fhat iR A & i
M, ASURER & O, A RRRAFSE .
26 HMELTERFEERRATSETH
2.6.1 SRR, BRSREER . ek ER S a1

AN T BE R B2 2t i IR S A AR 1) 25 8 S S5 A v
S AR LSS R IE L 6, S RBR7EHLRT T FE
BEE ML REEE RO, 7 MRS Y a2k
DR B 5 B 2 AR (P<0.05 ); B B R AL 4
JRRRAEVRMERT , B FERIERR I Ak, Se s h B
LRIRIR , SRJ 40 F N BEIEATE A A R ot R R,
5 B B 2k D R R o i R Y A 1 B A L
(1) 146%~237%F1 185%~384%, gt lyrE G rp&
1Y 98%~154%F1 124%~247%, IRHEET, Bast)R
MRAH RS E R ERIK, 2ETSTEN
51%~72%F1 41%~116%; %45 F 53104 55 2100
W BUR — 2
2,62 SFLEIR A, SLRIFRR B FISFLRERR C &
AR

SRR A, FEIEIR B MIRSERR C A%k
et TR R, RERERR A TR IR
P, WA TSR 19%~26%, HHh

7%~21%, IWHE T F] 0.5 mg/g UF ; S4¢ 5 B

SR C M T ERIA T T EN 59%~
100%, HHEH 30%~72%, TRHETFFEE] 1 mg/g L
T EHLETRRER A, F2ER B M54
J5R C FESSH 225, 7 PRI &Y 04,
FTELIE 5, AT, SRR B TR R
C LR ERFRR A (4540 2 T — A RSt 5 O JLdiufk
F, DA =2 AR e B 1 22 S v g AL
RA K, WAHEBR I KA S
2.6.3  S-PuERMEZE TR & ARk

SRIRTR . S-BT BRI 4 TR AR VR AL L Rt
URME R (1) 2B i 5 LR S Bl S R A UL, LR 3
BORMRa e, WE AR S = AN LR R At RS A
HEGHgER WS B R 37%~52% .
21%~31% . 8%~11%; MMk & = A~ kg% B
5- B BRI 45 7 R I B it 5 AR T g R R 1Y LU E
I 63%~T72%. 45%~58%. 31%~44%. %&
B, MG TR E R . S-BTELIEZ TR &
54T RERIERR . S-FTERIEZs TR LL(E W] LIME N
—A> “SHE”, TR R T KAkt
SRR NI ARG AR . AL, UG R TR SR R R
SRR AR S T B CR

®6 MIEMHRERFAESETL

Table6 Changes of chlorogenic acid isomersin roasted coffee

i PURRE s Mot g A
SRR & it/ (mg/g) 38.6~59.7 18.0~25.9 10.1~15.2 3.9~6.8
SRR T A i 5 A O S /% / 37~52 21~31 8~11
[ R R R 5 B/ (mg/g) 4.3~5.7 8.7~11.1 5.6~7.4 2.6~3.8
W SRR AR A 5 A T P B o L/ % / 146~237 98~154 51~72
Bk R R 7 i/ (mg/g) 2.2~3.8 6.3~8.6 42~58 0.9~3.2
B R R R A i 5 2R R R (5 /% / 185~384 124~247 41~116
SEEERR B & /(mg/g) 0.7~1.7 0.7~1.3 0.5~0.8 0~0.3
SRR B S A G R E S /% / 59~100 30~58 0~30
SEEFR A &/ (mg/g) 1.6~5.7 0.5~1.0 0.4~0.8 0~0.3
SRR A R G AT A /% / 19~26 7~21 0~11
SRR C fE/(mg/g) 1.2~3.0 1.3~2.1 1.0~1.3 0~1.0
SRR C RAR RS54 T A 5 /% / 60~100 37~72 0~56
5- BT BRI 25 TR 7 5 /(mg/g) 24.3~38.9 17.5~25.6 14.2~19.0 10.4~12.3
5-Bu BRI ZE TR R Ay AR PO /% / 63~72 45~58 31~44
LR A /(mg/g) 85.8~105.3 60.6~68.4 39.1~47.7 18.8~26.5
SRR MR ARG A T S S H/% / 63~77 39~53 21~27
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