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Study on Fingerprint of Different Coffee Liquid Based on 3D-EEM

LIAO Zi-yu,HONG Zi-shan, HUANG Ai-xiang, GONG Jia—shun, TAN Chao
(College of Food Science and Technology, Yunnan Agricultural University, Kunming 650201, Yunnan, China)
Abstract: In this paper, the research was carried out based on the three-dimensional excitation—emission ma—
trix (3D-EEM), the fluorescent fingerprints of three kinds of components characteristic of chlorogenic acid
(CGA), caffeine (CAF), and trigonelline (TRI) in the raw and roasted coffee extracts from different varieties.
The results showed that CGA, CAF, and TRI had specific fluorescence peaks. The fluorescence peaks of the
extracts of different varieties of raw coffee are scattered, and the main fluorescence peaks were distributed at
A/ A =(359~450) nm/(365~761) nm and A,,/A.,,,=(750~860) nm/(450~560) nm. After roasting, the fluores—
cence peak of the raw coffee extract changed significantly compared to before roasting. The fluorescence peak
red—shifted to A,,/A,,=(380~600) nm/(450~750) nm, the rayleigh scattering was significantly weakened, and
the two frequency —doublet peak lines disappear.The fluorescence peak displacements of different varieties of
roasted coffee extracts were distinctive.Preliminary 3D-EEM quantitative analysis showed that the CGA content
of green coffee beans in different varieties was 0.685% ~1.377% , the CGA content of roasted coffee beans
dropped to 0.057% ~0.105% , the CAF content of raw coffee beans was 4.121%~8.372% which decreased to
1.713% ~2.354% , and the TRI content of green coffee beans was 0.075% ~0.101% , which decreased to
0.035%~0.077% after roasting.

Key words: coffee; the three dimensional fluorescence; chlorogenic acid; caffeine; trigonelline
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o R AR 1 UK A2 B AT TR 35 % o SRR
(chlorogenic acid, CGA) . W HE A (caffeine , CAF ) (BH A
EL3 (trigonelline , TRI ) A2 Ml v 5 22 (¥ 49 Jo , 52 W) 35
mHER R AE L . CGA R 2 TR S WA E K G
JRH R Z A A o5 MY BT AR 6%0~12%",
ST bR A S 2 — 2, SR A IR TR
CGA TEHLERS T 28 Strecker [ A I IV 43 fiff >y WITHE 7%
By BIR 55 22 JE R , [ 4252 We N M B 28 O TR I, O 77
WA A S S R R T, CAF 2 — ol 8 I 04 A W) el A
B, I b R A XU A I, SRR 5 W)
WA e ) PR JRRORT VR EE R, TRG y Je Sz HY Bk iy
Yy, B A 1A DA ) 08 T f R T — A% iR (micotina—
mide adenine dinucleotide , NAD ) 1 i i it 122045 — 4%
TR W2 (nicotinamide adenine dinucleotide phosphate,
NADP )G B A7 1y , Tk e 2 WM A TR, O S FL
FEATIRLE,

YO R IO IR TR IR N BUR P - R
P A7 B 1 PR, B = 4 5 3 (three—dimen—
sional excitation—emission matrix,3D-EEM ), B HEWE R
A WK (excitation wavelength, A,,) FIABFE K (emi-
ssion wavelength,A,,,) [F] B A5 £k B 1) 2 S0 B £ 2.1,
YIBURIR] FEDO G AR, 3D-EEM BA RAFHY 4
P R AT A BB T BE T e b 2 B
PEUF 3 SO A5 A B A 0 A A ) v 5 3]
J Tz BYRCHT, EET RFHE R o A A T ik A
fR AR 2,35 7 (high performance liquid chromatog—

raphy , HPLC )®" SBZ0AE HL K FL AL A R I RO
A {03 — T ij%?j&(liquid chromatography—mass spectrom—
etry , LC—MS )1 53 56 B2 0745 | {H 350 2677 A i
FIRAL BN 52 2 BB, ST AFAR A 3D-EEM 7E4= AT
i PEPPANUS P2 55 B A AR T G g A -2
G P E AT B Z Gl , TR 3D-EEM &% ik
BT ISR

ASCHET 3D-EEM X AN[R] fty B A= B A% uhnndf:
BARM O OGO, FIRRIET CGA LCAF .
TRG #2372 3D-EEM P FEFFAERE , 45 & FHAE IR ST
He s Bl AT, Sy 2 e g PR ) L R nhn e
5L CGA (CAF TRG 5 PRy Il % 2 It — i BLIE K
I A S

1 #R57E=%
L1 MRS

5 FIOASTR] S AROINME (2016 7222 ) . )M AFH 280 52
DA BRI s CGA ARifEdh JTRG AndfEdh . bifgdi 24
YIRHEAT BRA B s CAF BRifedh . AR TEGEA] AR YL
AHIRAF],

F97Pro RIS O EE T : FIFROGH ARG R
5 X2 D RE R O AL < AR TIT IR Y H A PR 2
7] ; SANTOKER R500E HUEE AL : = 2 MmERFEY 5 Cof—
fee Roast Analyzer RA =710 Bz B 3 Y : Acronova
Technolog.

MR SR A LR 1.

F1 MHEERER
Table 1 Sample of coffee beans

i ai P AR pas FRRI%  WREIE PR
A o LR A FE(=H) UM, R |5 BURF A 13.54 733 LR
B Geisha B 5 A [ Mt SERIRR AT W 14.12 62.3 TREERERS
C (TETAIA S Eje i KA R BERA AR PRI 50 ) A 15.14 56.7  HIRMUE
D BT b A o BRIEML LT B, S R TR 20T eI 13.47 64.7 ML
E IR BAWEILNT AR ICR DR AP RIS ) 14.94 69.7  TRBEHLES

1.2 5k
1.2.1  HBESh SR UE Sl %
WEAE 5L KRS SRR S T UP KA ik B

2.5 mg/mL IR o A Bl B2 0.5 mg/mLL (1)
4%l CGA .CAF.TRG .CGA—CAF-TRG{&AFRI 1:1:1)
R
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1.2.2 DMl S

minmEE 2R F SANTOKER RS00E #EASHLHLRS &
710.5 kPa, XU] 4, 545 60 r/min. BHR A K 250 g, HEES
e KRG R RITE 13.47%~15.14%., HERE TR G FlE
56.7~73.3 HAR T 65 Zidy  $5EE T R EEMEES
1.2.3  CGA .CAF.TRG —4E5 ) D eHs SRS
N 5 e o PRl ) e ST

1)CGA .CAF TRG =4SN AT AR 8 ST
K A.,=200 nm~900 nm, i & % K A,.=200 nm~900 nm,
TP 10 nm BRI, Y 30 000 nm/min,
WOR SEAE RS TEM A 10 nm , JEHLS AT 25 (photo—
multiplier tube,PMT) =900 V &1 , AHA A (] { ZhUCHL, 2
18 CGA .CAF .TRG =45t 45158 8 53 ST il 2%
414 CGA .CAF \TRG HRERS AT CGA .CAF \TRG 1R
PRER WG T =944, d37. CGA .CAF TRG =
PO AR BRI . LA R 2tk 2 v g

2)CGA .CAF TRG W) —He ot sk & (R
B ) < 0 2 AR Ry AT, R O I R
Bl 1 R PR A, 535124 : CGA 457 nm; CAF
681 nm; TRG 380 nmo A, EIGTEL 5724 : CGA 320 nm;
CAF 360 nm;TRG 280 nm. A, 2 1E UK 50 5 K
CGA 420 nm; CAF 480 nm; TRG 360 nm., 45 15N
300 nm/min, RT3 R 0 s, B Y8340 10 nm,
R GE 4R 10 nm, 3 45 (PMT) ¥k 15 £4(900 V),
M 1o B (8] [ SHUCRC, [ St T A A, B2 —
W R EFEHR 05,
1.3 Hdsabri

K HH FOTPro TS 430 B 11 12 v i 1 5 K
PEIEAT B GE FIAL B, 5 3 P47,

2 BERE5NH
2.1 XFHE AR S SRR 3D-EEM SGiEERE
& 1 R iR s SIRFR 3D-EEM SGisriEE
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Fig.1

3D-EEM spectral characteristics of reference standard and

mixed standard
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2 SRR AR LUK R 5] PRIt 45 Al K A
25 0T REZEL P v DA D e A s P ARHER 3 43 S AT i )
S (rayleigh scattering) $7 2 HJ (raman scattering)
AL . TERG AR T ASDE S Y FIA
R R AR, B R IR AU A AR R] 5 EE R A
SRR R 107 4% s hr S U B TR B 53
VA BRAT 2 LA T I 225 L5 R 1 RE R, B IR e A
MBS A= 1Y, SR BE S ASHGHR BE 1) 10°~107%, hr g
S i A B 5 K R B VR B VAR G A5G
S AT S LAY . X 4 SIS E T,
B LASN AT DL 96 ek alivds, LA T4, 450 m
0.5 mg/mL CGA .CAF \TRG #5ifE it B B8 ) BURFIE 26
W, CGA FENIT AL/A,,=(340~400) nm/(390~600 )nm,
A.,=371.0 nm, A,,,=457.0 nm Zb5EG(E S, CAF F
S IS 53 AT AL A, =(363~456 )nm/(640~
750) nm F1 A, /A,,=(460~527) nm/(508~586) nm, fEA,.=
411.0 nm, A,,,=681.0 nm 1 A,,=499.0 nm, A,,,=538.0 nm
WSSAF TR, TRG FEALT A, /A,,=(280~410) nm/
(345~550) nm, A,, =330.0 nm, A, =380.0 nm Kb 7¢ 615
SR RS WE N 0.5 mg/mL i CGA .CAF . TRG
3FRFRUEIR S , D606 K A T AR A B — 0, 2R
B F A /A, =(357~410)nm/(390~595 ) nm, A,,=380.0 nm,
A0, =457.0 nm AbFENCAF TR . FECRHIEIEIE R R
T CGA &L,

900

. Em68S Em724 | Em761

A g

800
700
600

500 [Fids

PR mm

400 =

300

R
300 400 500 600 700 800 900

K IFIEK nm

200

900 15t i

800
700
600

500 il o,

BRI nm

400 [0

300

200

300 400 500 600 700 800 900
KK nm
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CGA .CAF . TRG BRI RS RO LR B A
[f] ., ZEE8RIE . TRG>CGASCAF, TRG 7E A,.=330.0 nm,
A0, =380.0 nm ZbAHXT IO EHRIE A 1036.00,CGA TE A, =
371.0 nm, A, =457.0 nm &b A8 X % 5t 5% B 2 852.20,
CAF 7E5 31 A,,=411.0 nm, A,,,=681.0 nm AL AHRF D

SREE R 74.32,
2.2 AN[EEFRPAEHEE B $E 3D-EEM Jtik
FRIE

— e KM LR LR SRR KIS R
TR P ) 46, 3 3 e ) - 25k K 22 ELA L s
I FR BN B RILAFILEIIA R ARSI 32
SRR PR GZR I I K R B 23 R S A TR I A 2
I, WE 5 2R A

5 FWAS [ Al R A il SRR Y = R 25 N L
EILE 2,

& 2 AT, ST SR AR MR R IR O IR R
AL , F2 B S A A2 P, W A 5 oo A 5 I A
Ao/ A o =(359~450) nm/(365~761) nm JLHH, % —Peig
AR A /A, =(750~860) nm/(450~560) nm 3t [l .
W MEE G J5 12 B S 06 5 AR IR B VR ST
FEL I S e A= A Ak, DO G B v Ry —RTE AL /A, =(380~
600) nm,
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Fig.2 Three—dimensional fluorescence difference comparison of 5 different varieties of cooked coffee beans

RV R 2 R S Gl LT RS sk 5 RS o MRS 5 )
B 9Ot i 5 s A,,=401 nm, A, =480 nm, [7]
A..=480 nm, A,,, =550 nm £LF%, SUHES S AT R
PiAE FRILETIIEA R R 2D

A INME IR PR 1) 5 S 3 A AT, b5 e 32 12
TN AT B, E PRI TE 2 , 3D-EEM 451 £k
)6 28 R S B T P JE R e (R BE I R . i
H J5 AT o P TE B K, SO iR B AR /N o FRe iy
Ao BRALTH , 5 S K AR 2 8, 5 DU 2 ey T v
(1) CGA \TRG %59 [ o3 fife K L e v Ak & e Ak A
Koo MEREOMAMESS A AR P2 H DO B RS 1) R/
A

55 SCHR, DO BRI AR N B R K E 3D~

EEM A] DL B 2 DX 53 Wi E AR 5795 2 v RN AL % o 9 42
T, AELH T R 1) 5 A L A DX W & D T
BRI TRIME o AN [F] it i e A ot B ey WA B 2 7
RS IR 2.

F2 AE&MPIHEEERESIEEER TRRENR
Table 2 Maximum peak—to—peak value and main fluorescence
peak displacement table of 5 different species of coffee beans

ek A B C D E
AMIMET A, 401.0  403.0  402.0  409.0  409.0
Ao 4800 4800  480.0  480.0  480.0

PuMERT A, 4764 489.1  482.0 4750 4835
A 559.3 5654 5639 5577  563.9

AR 75.4 86.1 80.0 66.0 74.5

Now P 79.3 85.4 83.9 77.0 83.9
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2.3 FIH 3D-EEM XtumHER#% F CGA .CAF . TRG
FE AR
AT iy o A e AR i CGA (CAF \TRG 22

ST L 3
254 3D-EEM % /34T, A& B0 A WnnEAE MR e
HIZ M CGA .CAF .\ TRG ZEGHEIA R I, @it/

F3 AEGMERMEESERT CGA.CAF. TRG =R 143TLL
Table 3 Differences of CGA,CAF and TRG in 5 different varieties of cooked coffee beans

} A B C D E

it VORML M AR% TOUE AR TOUE MAAR% T MM aie JOLE i
CGAAL /A=  ’EH 8002 0.94 688.5 0.81 585.4 069 11750 138 645.8 0.75
37204570 o 504 0.06 73.0 0.08 85.2 0.10 91.5 0.1 85.2 0.10
CAF £ A /N, = BT 3232 435 306.3 412 404.0 543 622.6 8.37 388.1 521
414.0/681.0  prge 1703 229 141.4 1.90 127.5 1.72 175.1 235 150.9 2.02
TRGA./A.= 5 836 0.08 83.7 0.08 79.6 0.08 106.4 0.10 83.4 0.08
334.0/3800 o 378 0.04 67.0 0.06 79.9 0.08 80.9 0.08 81.3 0.08

KITE, ARSI =% S Y TE MR T RRE
YA B WAL/ U ol R I 2 G WA b Y it VR L 75
HZAL S YA & AT LR OS] s FRinmEA: &
CGA &M 0.69%~1.38%, MK 5 T FEH 0.06%~
0.11%; WMMEAE &2 CAF &5t 4.129%~8.37% , 55 T
R 1.719%~2.35% ; WIMEA: &2 TRG % it 4 0.08% ~
0.10% , LB 5 R BN 0.049%~0.08%. 1T CAF 7E 3D-
EEM W& AN, RT3 b DL S A X
i, HIAF S AR AR T RE . BRILLISE ,3D-EEM 5 &
IMTEE IR S AR 4 K AP 4 T . B4 RO
FHHMAMHE S nEd] s CCA &1 0.32%~6.24% , A=l
ME G SKFEPIME G CAF 3 & 1.10%~4.62% , %5 Kb uinik
T>AMIEES ; TRG &4 0.09%~1.41%, A= WiHEE >
KRG UMME S, CGA 1 CAF R4 1 4 sr ik %
64.932% ,TRG K55 2 &2 840 DTk % 34.944% . 3D-
EEM X e £k & 4 i 2 1) $icde A8 fh i Sl A 45 2%
FES I BSOS Casal PYEE I F 58 W, CCA FEMIHE
PR , SZ RO R T 2, AR 2 R S B B L A
R . WIMHERR 559 5T 3 TRG 2 I )R i €O, L
KU, R, CGA F TRG 7EMIHERL R 5 & 444
TR, M CAF #ARR A M L, b 6 H 5 i s
ANK B TR R oK A3k & R EULRET ik
o CAF (AR & m TR &

H i, 1 JCHFH 3D-EEM P22 miiE- CGA (CAF .
TRG B4R , FI ] 3D-EEM bRl St 748 2 (5] 33
S, RS W RRIE DO G R i, AFAE — 26 R]
1) IZHARRE PS4 9) BA — e BRI, A ok 72 v s
MRS R OEME B 5 2) 9O R E & Z 2N E
ISEIR 5 3) 92352 BV B i VR 504 F 1Y
SO T 72 A ORI (35 T 1) 3R R 7 2 U )P,
VERRIHRA SO AR B IR 557 9 =M WG

5 AT AT IR P T R R BN AR S BN 1t
HMERE BT AR AR BEAT IR (A3 3, AR oK i 7 2k

3 &g

ASCRIER T A [R] A A o b ol = $ v
CGA .CAF.TRG 1 3D-EEM 43 #7 5k . & 8 CGA.
CAF TRG 4G RRAEZ G , AN [R] bt A 2B W A4 uf
MEIZFEWR ) 3D-EEM K35 EA 22 5k AR BRI
TERSHER R 365 nm~761 nm 5 Bl N2 H BUARAE 966
U, HASGIEA 25 F RS, 2 TIX 53 WMERERS 5 Y
TP DGR B o W BRI R SR 1) 37 T8
KIXEHEN, KB T oL MG, AN R ah A b g
MR SR G AL RS /NG 22 5% o FIH] 3D-EEM 45
B R NE AR B TR S MR P T 3 BIARRAE A
gy, A1 CGA .CAF TRG 7EMER G SR A T
% DI ,3D-EEM A] X A [A] b DX ofn M 32 £ 9 rh
CGA .CAF TRG F = #4026 530, AT LAW] . DX 43-nfi
ME A IR B IR AR I ME IR B2 3, 1E T s o0 11
S ANE XS b 7 Ty PRI ME

S 3Tk -
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