P VEY 4R 2024, 45(5): 1007-1020
Chinese Journal of Tropical Crops

ETEBEZRATHEAEEMLFITEFENSEAEMREK
WMHE =

BEHZ T O£V BpER, #xa™, 28T, #Ee

L TERSEE M SHEN 2B, TREEI 7500215 2. FEPGT AR A B T RWCRIT ST, W#JTT 5715335 3. =
A AR B BE A G 2B AE YRS T, 2RI 6780005 4. ¥ FE 24 R (0 HHE AR 35 BN T 55 il A ) 5 A
Y, WERITT 5715335 5. EEE BN TREORPIT L, T T 571533

O AR AN = 6 e S SRR HEC XL ) A& ILnEEC FS ) B0 WnHEC QH ). TP BLA IS miME( YSL ),
BEl 1S unnfe (MS1). Bl 2 Sl (MS2) (9 FE B REFE S $EATRIFGY AN ] 7 b v 5% 5 [ 3% DR R AIE 1
ST E R 25 . T BRI R BB X R 6 FROMAE S A RAE AT X W R G BR R AE B 53 1Y
R, FFEXT 6 FOMMEREAT X 4o SR FHAR S OB AH L Ik 2 6 Ahoinnle b 8 FhER IR ER . WmMED . H AR K 8 A
MU B F it 5 R FH S 7 58 B G20 335 — Mk w22 55 30 000 5 Wil At o 0 ) A B % 5 i 5 R FH 4 S 3R R 0 BT (S0 22 A3 i
FIMRA NS it WIS REERI 6 Fhoinnle i dE R i A 7 hi 22 S 3, WO DR R = L & b 3976 B 2 % (MS2)
e R, FEREIL 15 (MS1) Wi, ZAERR S ARG (QH) Urbhm, SFERM MR & R7E3E (QH)
S, GRERTE 6 FPnMELLES G i EEIUT R . iHEBEZE TR (CQAs) >FTELEEZE TR (FQAs) >min
FiiZs TR (diCQAs ). 6 FIBMMERE G i A 8 i B skl 3], JLrp UM & E i . 458 F a4t (PCA) i
e /N3 HN 5381 (PLS-DA ) fb2EitE 245007, WK 6 ikl 43, Forb gl . S vb Bia g mmmE Lk L — %
WA ) B A A AR R, FREA T R AL = A A T B T RN R M e . S5 SRR, Sl Ik
BT BETE RE A X AN [R5 s E AT R A IX A o IR BIFSE IR R T AN [R] 7 O ) £ 2% 4 R JBTREAE X ol XU
SR T B R R 7= i 114 i 8 T 6 ) B B

EHER: WIMEY; FEHIMNR; TR EE; it

FESES: S571.2 XHEkFRERAD: A

| dentification of Hainan Robusta Coffee Origins Based on Main Taste
Compontents Finger print and Chemometrics

ZHAI Huinan'?, YU Fei'?, TANG Yumei**, DONG Wenjiang2’4’5*, LI Ya'nan® *, HU Rongsuoz""5

1. College of Food and Wine, Ningxia University, Yinchuan, Ningxia 750021, China; 2. Spice and Beverage Research Institute,
Chinese Academy of Tropical Agricultural Sciences, Wanning, Hainan 571533, China; 3. Institute of Tropical and Subtropical Cash
Crops, Yunnan Academy of Agricultural Sciences, Baoshan, Yunnan 678000, China; 4. Key Laboratory of Suitability Processing and
Quality Control of Characteristic Tropical Crops, Wanning, Hainan 571533, China; 5. National Center of Important Tropical Crops
Engineering and Technology Research, Wanning, Hainan 571533, China

Abstract: The main taste components of six different coffee beans from various regions in Hainan, including Xinglong
coffee beans (XL), Fushan coffee beans (FS), Qionghai coffee beans (QH), YSL coffee beans from Baisha Yushiling
(YSL), MS1 coffee beans from Mushan No.l (MS1), and MS2 coffee beans from Mushan No.2 (MS2) were studied.
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Differences in taste composition and component content of the roasted coffee beans from different regions were com-
pared. Based on the chemical characterization of the beans using the fingerprinting of the main taste components, the
influence of the origin on the taste characteristics components of coffee beans was investigated and the roasted beans
were distinguished. The levels of eight chlorogenic acids, caffeine, trigonelline and eight organic acids in the roasted
beans were measured using ultra-high performance liquid chromatography (UPLC), while the composition and content
of monosaccharides in the coffee samples were determined using pulsed amperometry by ion exchange chromatography
(HPAEC-PAD) and the composition and content of amino acids were determined using an automatic amino acid analyser.
The results showed significant differences in the content of taste components among the roasted beans, with the highest
content of caffeine and trigonelline found in MS2 beans and the lowest in MS1 beans. The highest content of amino
acids was found in QH beans, while the lowest content of chlorogenic acids and monosaccharides was found in QH
beans. The content of chlorogenic acids in the roasted beans was as follows: caffeoylquinic acids (CQAs)>feru-
loylquinic acids (FQAs)>dicaffeoylquinic acids (diCQAs). Only eight monosaccharide components were detected in the
six varieties, with the highest content of galactose. Based on principal component analysis (PCA) and partial least
squares discriminant analysis (PLS-DA), the six coffees beans were successfully discriminated, with high similarity
between the XL coffee beans, YSL and MS2 coffees beans, indicating that the major chemical taste components can be
used to distinguish coffee beans from different regions of Hainan. The results show that the fingerprinting of key taste
components can effectively distinguish coffee beans from different regions. This study would provide information on the
chemical composition and quality characteristics of coffee beans from different regions and provide a theoretical basis
for improving coffee flavour quality, which is important for the screening and differentiation of high-quality coffee
samples.
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Tab. 1 Information on six Hainan coffee bean samples
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Sample Coffee cultivar Origin
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KA R IERG G aligoK s BhR . BERR A AN . BE
iz (AR) , J M43
1.12 MEL5#%%& 1290 Infinity % 550
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WIBS T Ac 61 | 55 [E Thermofisher 22 7] ; S-433D
B4 H B2 B o AL, FEE Sykam A F];
LXJ-IIB BB, Ll =Rl 223, AL204
BRI 7 RF, MR IE A Z 08 A RA W
PROBATINO Typ 2SSH AUmfjinie G HbasHL, 7 [
Probat {X#8 /N 73 VTA-6S3 BUnfiE G A AL,
MAHLKONIG {¥#5/2 w5 SB-5200DT %5
B VRAR, T UOH 2 YR B A BR A A
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ALK 500.0 g fommMEAL G EA T LR Ab B 152 L
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KRR AFRTELEE 180 °C, MU HUBR S K 1 1.7,
HEREBFE 7.5~8.0 min, f & HHRIRE N 208~
209 'C, 12| PAELLEE (CM-100 15 47#55.0~
60.0 ). HERFTTHES T HUAAL L (20~30 min ), RIE
JE St R R RS E s BUE SRS, RIS
KR 3~5 min, (HULR SIRBEPUERH 2 EE,
TN D0 27 R S W= S L [ 41 2 | AR
WHEAL T, i 40 B (425um) 5, T 4°CTF
HAEWAE, #H.

122 AMHBAZRBRAZEMNZ KM UPLC ik
WE 6 FhmmrEALR: G b A= P h (wmE P B 2
). ZRIRFRAL AN, A g/100 go (1) FR
MR L] . FEummER . B R 8 Fhak iR
KArifE i 3-CQA (Hr&r iR ). 5-CQA (&rJ5R ).
4-CQA ([R&tJAIR ). 3,4-diCQA ( F&EJFR B ).,

3,5-diCQA ( SFL4RJEZ A ). 4,5-diCQA ( FLEFTR
C). 5-FQA (5-FZRM:Z TR ) F1 4-FQA (4-Fif
Bt ZE TR ) FH BV MBCH A 1 mg/mL (fig 7%
W, 4R 100, 50, 20, 10, 5. 1. 0.5 pg/mL
FRUEIATR, PEAT UPLC A, DIARVE IR MR ol b
Ak, W AU AR R bR EMZE . (2) BRI
#14: %% CLIFFORD 2y 7 i @ 1k
FREL 0.5 g WMERY , A 50 mL 70% A4 FF B4 T,
Z A HLE 30 min J5 25 'CF 5000 r/min B0
10 min, B4 mL LW, 25100 A 250 mmol/L
KA WARFALH AW (R EG5R 1 AT 1 mmol/L
& 3% UK LRI — KA CRREFETR (KR 1T )
£ 0.1 mL, 5000 r/min %.0> 10 min PATTHERAIER &
FEAR, BCEWERGT 022 um JEE, 4 UPLC ¥
M, AFRREESSEATINGE 3 R, SR LIEI bR
fZEFR . (3) UPLC MlE S EiSHh Agilent
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WEIAH A N, BN 0.1%H BR/K . AR BRI
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1A 6 min, AR 25 C; W 0.5 mL/min; ik
FEGRRR 2 ul; AEW08 K 4RI RZE DAD il % £
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VRO R AR b, W T FRCA A AR 22 AR o R &
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Fig. 1 UPLC separation chromatograms of alkaloids (A) and chlorogenic acids (B) in six roasted coffee beans
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Fig. 2 Alkaloids (A) and chlorogenic acids (B) content of six different coffee samples
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TEPE MS1I AL, MS2 Gl

3,5-diCQAs 7 & (10.040~0.052 g/100 g ) W 7E MS1
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AR H A A VLR A G, 8 BRI R 1Y
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(7] 7= b P 5% 2 v A WL 5 kAR A X iy i e
FURSZ Ml R 2L, SR UPLC XFHERLR: &
A DLERHEA TN E , FAE i A HLIRR 23 B 15 141 (I
3) FR, 8 A ML % (R B B RIS AR IR 43 5 R
FR (5.612min), WA (6.076 min), Z TR
( 6.355min ). H R ( 6.661 min ). ¥ F R
( 7.089min ). & R ( 8.234min ). 11 R
(9.757 min ) LA K IEFHIFR ( 10.776 min ). 411& 3B
AAL, 8 A HLERTE 6 FhmmmE A% b 34 A 4G
&l 4 K 8 Fi HLERTE 6 FRmmmERE & rp 1) & 553
i, WA HAFIMMEA PR & A —E R, H
H, 6 FfmME A RLRR R L 0.130~0.335 /100
g. WAMRK 0.092~0.233 g/100 g. BTN
0.184~0.241 g/100 g. HZA 12.381~14.011 g/100 g,
SRR N 1.901~2.085 /100 g. ZFEH 0.204~
1.246 g/100 g. F7&/RE A 0.321~ 0.425 g/100 g Lk
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Fig. 4 Organic acid content of six different coffee samples
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MS1 B R & B he i,
MO SR (0223 ¢/100 g) BE. ETHRE
CGAs ) FE B[t 7= Wy, 2 W 25 B RT st 8] A1k 6%
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Fig. 5 Typical chromatograms of 10 standard monosaccharides (A) and component monosaccharides (B) released from six
roasted coffee beans polysaccharides

®2 BEREHZMEXRY

Tab. 2 Standard curve and correlation coefficient of mon-

osaccharides
455 wmi FEIE
No. Component R_etentlgn Regression curve

time/min
1 A #bE-Fuc 2.954  y=2358.6x+0.5001 0.9970
2 BZFE-Rha 4.939  y=1626.9x-0.1396 0.9938
3 BRLfAIHE-Ara 5.627 y=2547.2x+0.9826 0.9972
4 LFLBE-Gal 7.275  y=2709.3x+2.2822 0.9941
5 % HE-Gle 8.115  y=2413.6x+6.1824 0.9963
6 AhE-Xyl 9.404  y=2961.7x+1.0852 0.9978
7 RFREERZ-GalA  21.583  y=856.63x+0.3925 0.9971
8  EMIMR-GIcA  22.702  y=1420.9%-0.1266 0.9961

Wnge 3 npn, 8 Al AR 6 AR s
SR A A ARIE L, H SR MS

(11.386 g/100 g )>XL( 10.241 g/100 g )>FS( 9.936
/100 g )>YSL(9.724 g/100 g )>MS2( 9.368 g/100
g)>QH (8297 g/100 g ), H A& H7E QH i
&b, MS1 i ERZE (K 6), BRI R

(FS 1 MS2 & 53 BN S I A e g ), HiAth 2R
W& R ITE QH AKX, M2 HREA7E MST
TERE. WA, FIRARE. AN SERE
FIRE SRR E S T SR B B E A, B
BHAE FS. YSL Fll MS2 & & s i HZE R 50N
BRI RE AT fE MST Hp & i d s, 7E QH P = AIR,
5 XL. FS. YSL Ml MS2 Wik AH b 22 55 . 3%

(P<0.05), 1fif XL, FS. YSL F1 MS2 i & [q]
2SR REE ; XL A MST A i & s, QH
I YSL H & ik, 8 FPebilife 6 FhmimE S &
i BRI R e 2 FUME > AR > BT b7 A1 >
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Tab. 3 Monosaccharides composition and content from roasted coffee powder of different origins
S & Content/[g-(100 g) ']
Monosaccharide XL FS QH YSL MS1 MS2 ) ﬁ?ﬁf’lil%]
Distribution range

R 0.175£0.015"  0.154£0.010"  0.141£0.011°  0.158+0.009®  0.173£0.007*  0.150£0.021"  0.141~0.175
2= HE 0.176£0.003  0.217+0.005*  0.157£0.013°  0.225+0.009°  0.181£0.008*  0.221+0.026" 0.157~0.225
R IEE 2.267£0.016"  2.348+0.069" 1.837£0.093°  2.199+0.110°  2.607+0.100°  2.210+0.151° 1.837~2.607
A FUb 3.894+0.100°  3.758+0.046"  3.332+0.079  3.810+0.154°  4.336+0.070°  3.538+0.242°Y  3.332~4.336
R 0.307£0.013"  0.275+0.006™  0.203+0.008°  0.226+0.041°°  0.310£0.012°  0.262+0.057"  0.203~0.310
N 3.246£0.077°  3.022+0.116°  2.520+0.180°  2.973+0.151°°  3.604+£0.090°  2.793+0.260°"  2.520~3.604
2L R 0.041£0.004>  0.028+0.003°  0.020+0.005°  0.015+0.007°  0.038+0.001°  0.062+0.009" 0.015~0.062
AR 0.13620.008°  0.134+0.008°  0.086+0.005"  0.118+0.013*  0.136+£0.011°  0.131£0.023" 0.086~0.136
Mt 10.241£0.037  9.93620.041 8.297+0.064  9.724+0.066  11.386£0.042  9.368+0.104 8.297~11.386

T ARNE TR AL AL E 22 53 B3 (P<0.05)

Note: Different lowercase letters indicate significant difference among treatments (P<0.05).
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Fig. 6 Monosaccharides content of different origins roast-
ed coffee beans
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Y, 5 O SRR R A I AT A T

Ut 7 apgn, XfomEErR 17 M e SR R T

THHT, Bk 7 T E IR . R R (Tle ).,
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INE PR (Thr ), K2R ( Phe ) LA K i & R ( Lys );
10 FhAE AT MR : KA M (Asp). ZA R
(Ser). A& (Glu), A (Pro). HAM
(Gly). W& (Ala). KBz (Cys). FEA
M2 (Tyr). %R (His) VI AAEEIR (Arg ), Ht
S5 57 v B S LR S A AN, H 6 Ao
MEH S B A RS HLtASE] (% 4). XL A1 QH
MNE SR 2 B R o S, A, MST I
MS2 H 2SR B i 3K . F IR 37 A2 [ i
AR A, BN, EERR (Trp) MRS
FRAE | DL K 3-FHEERS[ b, 6 A R A
W Trp, PIRETEMLES SRR AR SRR, A
IR EAR R, BRI

LR ZIRAR], &R ] 4y M Efuk | it
bR R AICR IR A 5y, RAAR IS AR
SN R BB SR, AR TR R AR
SEEIR . ORDVER . T R N2 = W W) kv R
iR, B, BRI G2 E R .
HEM . HERUSLHRER . WS 5 H 2R
IR, LPRa AR 2A E, AIEmIHE S
F7= X . QH H 1Y) Asp 7 4 0.947 g/100 g, HiA
R EE T HAL X (P<0.005), MK 8 /LA
H, Asp i 6 FhIHE S B SR 1%, Ui
BH A2 AN 5] 7= 1l [|) 43 A 34150 H & 848 o [RIFE, Thr
£ QH(0.302 g/100 g ) H & S 475 A fe e HL A HAA
PR 2E S SRR AR i A S R A L
BAL, HbBZAEREEN 3%~4%. AR



1016 A AR F IR 545 %
oA —s70mm 1400 B — 570 nm
— 470 mm 440 nm
1200
> >
g g 1000 -
) ) Gl Gly
% %‘ 800F Asp Ser/ ’ o
S
S > X AlaA val  His
]ﬁ Hi] 600 Pro 7 /l ﬁLeu
o m lle A phe
=t BT |
200;JUJ VA v e w
10 20 30 40 50 0 10 20 30 4 50

{5- B4 s} E] Retention time/min

{% B8 i} 8] Retention time/min

B7 17#icESER (A) MESMEFEhSER (B) AR HER

Fig. 7 Diagram of 10 standard amino acid (A) and amino acid (B) composition analysis of roasted coffee beans

R4 ARFHMHEEBEENSERARESBLLE

Tab. 4 Comparative analysis of content and composition of amino acids of roasted coffee beans of different origins

P B i [a] HAR FIEM A E AA content/[g-(100 g) ']
L

Retention AA

time/min XL FS QH YSL MS1 MS2
9.000 Asp 0.874+0.007° 0.844+0.021° 0.947+0.015° 0.853+0.009° 0.828+0.034° 0.817+0.074°
11.157 Thr 0.262+0.009" 0.263+0.010° 0.302+0.005° 0.253+0.009° 0.25440.015° 0.259+0.014°
12.053 Ser 0.309+0.028" 0.322+0.007° 0.360+0.009* 0.282+0.024° 0.290+0.022" 0.294+0.013%
13.733 Glu 1.758+0.093° 1.738+0.016° 1.956+0.031° 1.697+0.103° 1.671£0.110° 1.497+0.056°
15.355 Pro 0.432+0.014° 0.418+0.001° 0.469+0.009* 0.438+0.004 0.414+0.015° 0.419+0.040°
20.413 Gly 0.700+0.013* 0.665+0.004* 0.707+0.010* 0.667+0.003% 0.668+0.026 0.638+0.068"
21.720 Ala 0.498+0.054" 0.443+0.004° 0.494+0.008" 0.458+0.002* 0.441+0.017° 0.431+0.048°
22.877 Cys 0.138+0.001* 0.116+0.004° 0.113+0.005" 0.110+0.002%¢ 0.100+0.005% 0.093+0.017¢
23.816 Val 0.328+0.004™ 0.300+0.002° 0.346+0.004* 0.325+0.004™  0.316+0.009" 0.303+0.033%
25.787 Met 0.142+0.015™ 0.139+0.005™  0.143+0.007° 0.135+0.006™  0.126+0.000° 0.127+0.005%
27.880 Ile 0.227+0.006™ 0.204+0.001° 0.245+0.003" 0.222+0.004% 0.213+0.007% 0.208+0.024%
28.856 Leu 0.701+0.016™ 0.643+0.002" 0.743+0.010" 0.689+0.006" 0.652+0.021% 0.617£0.071¢
31.229 Tyr 0.362+0.009* 0.335+0.005° 0.374+0.005° 0.347+0.003* 0.347+0.014® 0.335+0.038"
32.461 Phe 0.489+0.008* 0.444+0.004¢ 0.517+0.017° 0.458+0.002" 0.42240.015% 0.407+0.044¢
35.984 His 0.637+0.053" 0.577+0.004 0.615+0.012* 0.591+0.019 0.558+0.017° 0.545+0.076°
39.229 Lys 0.146+0.055" 0.093+0.007° 0.106+0.002* 0.093+0.001° 0.093+0.003° 0.089+0.011°
42.440 Arg 0.083+0.005° 0.076+0.000° 0.098+0.002° 0.072+0.003° 0.070+0.003¢ 0.074+0.004°

it 8.085 7.620 8.535 7.691 7.464 7.154

T WS A /NG S R m A B 22 52 3% (P<0.05)

Note: Different lowercase letters after the same column of data indicate significant difference (P<0.05).

fE QH F1 MS2 rhpll & 4 fe i A AR & &2, H
i 5 H A e G ] 25 5 W 3 (P<0.05); Val 7E
6 Tl 2 25 SRR/, BRI S ) 4%,
FE FS W R BUEAK & A 0.300 g/100 g 6 AR
17 FhE SRR B 7.154~8.535 /100 g, QH
WNME S P A R R, MS2 R, A R
A QH>XL>YSL>FS>MSI>MS2, AS[a]p= [X X} i
M G2 SR 7 1 5 M A K, T W M 30 AR 3 52 T
17 Fo 2 3 R 70 B i &2 b 5 J oA R[], Herp

BRI ERE (1.497~1.956 g/100 g; itk
21%~23% ); Asp (0.817~0.947 g/100 g ) & mH
Arg(0.070~0.098 g/100 g ) Hrp & Ak, i kb 1%,
25 Sgitsr it 6 FhnME = 4F i KR
M EFERR

ZICHHr R, WFE S50 (PCA) Al
TR AR G T 25 5 1 XA R 56, %A AR SR
KB FE M bl DB, AR HEAF R, "
FH T RAG B A 0T 5 AL B3 22 (R A DG, B8
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