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Abstract

Chlorogenic acids (CGA) are important bioactive compounds in green coffee
beans and affect cup quality. This research examined chlorogenic acid composition of
147 green coffee samples from 2016 Taiwan Specialty Coffee Evaluation and
performed correlation analysis between their processing, cultivation altitude, and
cupping scores. In green coffee, 5-caffeoylquinic acid (5-CQA) and
3,5-dicaffeoylquinic acid (3,5-diCQA) account for the majority of CGA. Washed
coffee displayed a lower 5-CQA concentration at 58.32 mg-g™* dw in comparison to
natural coffee's concentration of 62.51 mg-g™ dw. Coffee eliminated in the first round
of the evaluation showed a higher 3,4-diCQA concentration at 2.06 mg-g™* dw and a
lower 5-CQA concentration at 37.11 mg-g* dw. Cultivation altitude correlated with
several CGA groups. In natural coffee, 5-CQA concentration showed a high positive
correlation with (r=0.76, P < 0.001) altitude. Cupping scores also showed high positive
correlations (r=0.43, P < 0.001) to cultivation altitudes. Although cupping scores were
not correlated to total CGA concentrations, 5-CQA and 3,4-diCQA were highly
positively correlated (r=0.36, P < 0.001) and highly negatively correlated (r=-0.39, P <
0.001) to cupping scores respectively. By stepwise forward regression analysis,
3,4-diCQA,5-CQA and 3,5-diCQA had been included in the cupping score model.
These variables were negatively, positively and negatively correlated to cupping score,
respectively, and gave a combined model R? of 0.331. Concentration of 5-CQA was
positively correlated to several attributes during cupping. The most significant one was
fragrance (r=0.44, P < 0.001). As such, concentrations of 5-CQA and 3,4-diCQA were
better cup quality indicators than total CGA concentration.

Keyword: Coffea arabica, Green bean, Chlorogenic acid, Cupping, Altitude,
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Correlation analysis, Stepwise forward regression analysis
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3 (Introduction)
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diCQA Rlmig ¥ 4 £ -

De Bruyn % (2016) i * & A % e “Typica® = oeee% F 07 5 4L v fiew
FRIL 2 fiteria b2 B AR EARY 0 BT R EF DS A B S 4p
AT ow FEESEE A W EARE ke (16h FERNFEE ) REPE (H A)
MR L FRERE (36 h soFpE )~ p B (46 Reneh P iady > ¥ A
W R fpE) o BERTRE D EEORERESHRE-LEE 5T 5-CQA
¥ 35-diCQA “ » 2 H 48 (3-CQA, 4-CQA, 3,4-diCQA, and 4,5-diCQA) ik & 3
WK AIL o F T Lt R EEPEE 2nde p FAIL o 4R F S0 0 4 CGA
% 5-CQA ik A » T4 053 p il b R4 R ol 5 %% M ¥ 4 IR
PAREEEES R T ARATR] - BARES  BMEARFLoERkE

A o

w o~ el B R RS 4R R S OB

SRRt B0 R BR PEE [ B R el % KA
A G ORCRE Lo bk x dFRIPF DR sk zrge > Tpavk (Phenolic) | 4 ARG i
- BAHTAR RIEE o G F PR RLG OFEFESET b RN LB RS

R A P A E R iRt FRR SRR feth A | 6

(=) SRR EE R A g
CQA £ diCQA #-k¥ e F i pE E 5 0.05% £ 01% > % vé‘ g

ZAGREGERT 0 F T6% (22129 1) fhstgE i R 2 Wi et o o
9
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- W A4 0.1% diCQA v £ S IR A S 402 3 3 chEip (Bitter
lingering after-taste) © &8 A i LRl%? » XFEF R P 7t =
A wlE_0.1% CQA ~ 0.1%diCQA £ - pFiR & 0.1% CQA ¥ 0.1% diCQA » #7
%% - ®ins 0.1% diCQA Lk itehiwns > G 8 & 0.1% CQA § 253 s¢

£ # 3 0.1%diCQA sk = (Ohiokpehai, 1982) -

(=) *FHAEEBEREOPE

De Menezes (1994)#-= & # Jefm it + wheet > p ¢ LML RBE A X 7 B3
FBenfa > ¥p8 CGA JER » %% CGA -~ COQA -~ diCQA ¥ & umi
WP ERFESHAREP MY > 7§ CQAMICQA P R EF + #im 1 2 &
7 CQA/ICQA ' 3 CGA k&R » { ¥ Mids vt R R gtk 5 @ -Kix 8 hilclE
5 VPP RIE R

Y- B> r»d BRI E S EBR NS R 2 ~ o Ramalakshmi %
(2007) = g 4p > A m AP ARILE (kRSP E) EERME (P F AR
TATEE) R LR B RS R R FIREBR D2 B ok > 3 R RET i
REAA B RFERALE MG M o

Mazzafera (1999) Rldp 12 FfEFGER 2 & > B RAFEES T F > AR EZ
7R BERD 5-COA - 2 2R F M 5CQAKLRE " F2 2 WRT 2 2 BR
5-CQALRH T &7 % o

Franca % (2005b) ch# g » jifr — =k en® @ B £ 4 2 HE N7 FRBR A
K> T2 5-CQA thz B 4147+ 2% L Z%%EL 8 i 5-CA EA -
R B 5CQAER AR ARZERITETIF MR o LEET & FA

~= E1
Ae =k

x\’i
gl

oA o AR EREDARE S FE A T TR
Fle P B o 2Ep o EREWPERKERM - ¥ - >3 7 > Farah %

(2005) Fe 45 * = & [r it + et 2 84 2 c0 CGA B ¥ B 30 B e
10

\’m
3
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WHHZ e CCA MEFMHELE » L HHAET &2 CCGA AR -

(2) BRrEpESETL{PH

Farah % (2006) ~ 47 = & @ 7 Fpx &2 veretd B > ¢ £ 7 B % % (Soft,
Hard, Rioysh, Rio and Rio zona) eife 42t + ehert 2 — fa e # 27355 > S5 B7 S0 ¥
per T > 5-CQA TR R AE ST = o Ap B A 175 % 8T 5-CQA fririfl &
T(rs)t 3RAAM (r=-09) » 34-diCQA RI$ & ARl 4 h (r=088) >
s = B 5 48 CQA #1222 vk (Rio-off-flavor) § # &2 49 » 34-diCQA -
35-UiCQA RIE R f 4ph - T4 2 8 COQA RARAF > RISFARL - &

diCQA A% P & iRl &A% & o

(r) BPRBEEEFTIEIPH

Avelino % (2005) # % = % I+ 2 % (Orosi~Santa Maria de Dota) 2 e*vrf-
FALE A BARASEET 17 & 18 Bikw M - 2e ~ BHAE 2k
FOREEEE o RS A HE Tt F] SRR EBEAEN SRS A
ARDOPREFTAE > P HEL7 240k > Ra B A~ 45 (Principal
component analysis) I k35 J1 14 8 8 2 ¥ vk 2 [ HBE B o

Steiman (2003) £ E * &2 F A% ~ 7 Sfhizvnetd 5 T H L
g hovh2 BT B3 314p M 4 7 (Canonical correlation) - 1 & K 35 ]
Wl 8 AAp bl chit Fdgih > (T Zhwmy RE > WRFRFHMIL CGA
WAt hehjpbidt s PR v A E8ROREP > AP TR ZEE CGA $Hhrhz
AR

Zanin ¥ (2016) ~ 471 32 Bk A T F 2 B A F - AJLZE I F RIS T O
et B o AFRWEAT O HEZ CGA £ 5CQA LA B3R~ d 4 F A

T2 AR 0 R B RIEE ARG M IR WA R g
11
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Frome22d ¥ R AER Vv B FBIR 2 B 0 85 FIREF o COGA RIE > K 173 &
#hehEFE CCA 7 ¥l »a AREFLTRIR* §EEAPRDE F > 9F

MENER T FET AR ESE

i

12
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g = ;x (Material and Methods)

ok
AR 2 ot F e 4 & (Coffea arabica) % % p 2016 & = 5 5%

FORFA PR R RS2 R Ap 2 (105 & B 4 B R A M S iR E)
(R RN SR S AR R E LRI F R AR SRR
ZAREL EARR BB TTER S SARE S 1L Fdci 2015 &
T 2016 EA kT § £ REFTER A 163 2 A o ) f#ﬂ ?FiE A B
B R MRIBE R PRTELR S 16 T A 0 JE 4 suir Rl A Bolichh 147 £ o it n
AT G iR 2 N R 2.0

Brt o RAuEfifed Bt fifeang i f L F v+ (Coffea arabica
var. Typica) > @78 B X p L FE%RRIFIRSLIA S 4pg ¥ L 5 d 303
W AR BB FED o A AR At e

BRARBELFTHERZ KRR F 5> d ARP JeitF B2 (= ER
FREL SRR A ) 1R 2R B A KA FTHRE A A - £ He Google
Earthz* 5 p /3o F o A0 e 234 A F &3 2 1490 2 2 s M 2 34 o> <

THEB12.7 2% e BN B S RS Jooulil 1215

whe AT P T AR

AEBR2 12 LARRIFF RS AR R L € R EF T ASTHE > L2 W
CQI e i 8 ¢ 22 Q Grader fE4rplfr » d LR 2 4 Zg (X
H)E A PREEG WA SRS R SR F R R Rl
e E R et g TR 2 R R 2 T 2 {7 (Specialty Coffee
Association of America, 2009b) » w47 B4 (7 2w & 0 5k 3 -

R+ SCAA MRl (f4r 4) esrt i » 479 B Lmihs

13
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Ji

%A IE P 0 &% 5/ (Fragrance / Aroma) ~ Bk vk (Flavor) ~ 4 3f
(Aftertaste) ~ p& 5 (Acidity) ~ % & (Body) ~ — & 4+ (Uniformity) ~ & g
(Sweetness) ~ 5z B (Clean cup) ~ T = (Balance) 2 3= (Qverall) » & 38
200 A 543t 100 A o HP - R SAR ~FEREZ BRP 0 L HETEA
AT G A hrAS B AL R AR 2 dpth 0 — 4P 3 0 M et R
PEaE@as B0 /) F2RAAERENEEEIS, QA1) o B

AZRHKY 0 L WALEN RIS ERGOB L ¥ aETRRS DTRY L

W

A ié’!-;"l‘,!f P RE A R A A o

& R e 5

verd AR &4 R gok S Bk d 0 B~ 0.4 g 52k 2 40 mL 40% 7 fg ok
7% > 12 300 rpm ¥ R AT F B~ 20 min {8 > 12 Whatman No. 1 g A B g I
g * 30 mL *-KiE% o 4 » 1 mL Carrez 3% (0.3 M KoFe(CN)s + 1.0 M
Zn(OAC)z) » i8¢ Fv B & < Ao uk > DB i gk o 241 100 mL o
M L3034 Ssects4EE 10 mine 2 ¥ 23 ;X PVDF i85 B (13 mm, 0.45 pm, Jet
Bio-Filtration Co., Guangzhou, China) i /g {4 i& {7 & 47 °

SRETELITERFA L4 0 T F 2R AP A 47 5 5L (Agilent 1260
Infinity series, Agilent Technologies Inc., CA, USA) &7 » 11w 4p - & §if
(Quaternary pump, G1311B, Agilent Technologies Inc.) & #:/ié=4p > T i i§
ODS-C18 %~ 7 ? 1. (Waters Spherisorb ODS2, 5 um; 4.6 x 250 mm, Waters Co.,
MA, USA) &7 4 8 > ~ 458 11 * 328 % (Column compartment, G1316A,
Agilent Technologies Inc.) p » B & #4173t 35 °C o ek = 4L 5| i jp| B
(Diode array detector, G1315D, Agilent Technologies Inc.) i ;& £ 325 nm» &
VR T G M SRR 2 B RME S (3-CQA 4-CQA, 5-CQA,

3,4-diCQA, 3,5-diCQA, 4,5-diCQA) & B + = B % L% S B 47
14

e
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¥ ehsL

= B

B % (R2>0.9999) o

S a8 5% pp Sigma (St. Louis, MO, USA) - i At 80%

10 mM & ¥ f&-k% 7% (Citric acid,

g o iR B

4L > 1

qu

A=

13 # 4 2§ 2 Bop >

M 6NHCI# B pH 1 25) £i2 & 20%7

TR o iR R E Ao & ArT

0.01 min

100% A+ 0% B

19 min

100% A+ 0% B

25 min

80% A +20% B

35 min

80% A+ 20% B

50 min

60% A+ 40% B

60 min

60% A+ 40% B

61 min

100% A+ 0% B

A 4

L %'{( i £ 163 i eberzt

LERE B PIE2ERERTT L

Ptk = 1481»o7f’=7‘5mxuv§r;4\+fr 8 BEon FE P (4

R? (& i » g * 7 ﬁ{ﬁj‘ﬂ = HFEE T 2 BRI DS AR R

‘é‘L"S ;2"% o

Bt

b A s kS R A4 6 B RRE R T

gi—r LE =

Mo AL P %> A T(ANOVA)EE F 127 f o B

Eiz B

* 147 &

BRp W eng REORRRRE o Pl RoEip L gE - BREL

Fl'g 23 I B F ootk

140 o 2% 7 & B4k (FHORA RO EamEk § 10 ¢ T 5 £ A

WL o kgt iR > AR P 1B

’F{ 1Ei T o

L mE R

31 » ANOVA #3* it

A M SRR AR AT LR L TR

BT (R RFA) 0 ERECA G R E R (R 1) v L i K

LA

(Analysis of studentized deleted residual) -

15
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(Studentized deleted residual > 2) 1§ i B4 5 2 F|f o gl FHLBEL S B
t O5%FF R H B b o327 - & 5"]",% o TR RYET P ARG E 0 R d
FATHER) RS TR 0 OB%TERI T BT R 0 F AL - AR AR L
i e R 99'1“,%%"/’:\ kel (B 1) 2XmiFo = %‘J“f G R
PR Ep e RREZHF % > vt L5 5 AT ) o B Rk
ﬁ%ﬁ%%mﬁaﬁ%’f:ﬁﬂ%%?##hﬂ”Jﬁw B ERTH
$4) (B 1) Flarp% s e % hp ¥ R fF o472 EH L e W EF S
oo i R iLMf EVE I SR LR R S fEé’v‘J‘,% » e ORISR R
FELTAL TR
i * izt gic k8 CoStat 6.1 (CoHort Software, Monterey, CA, USA) » 1 = >
S 3K 3+ (Completely randomized design) i& = # %] % = & 47 (1-way
ANOVA) » # 1 & | &g ¥ £ 8 ;2 (Least significant difference ; LSD) w35 &
e (P < 0.05) 0 A8~ 3t Rpiz 4p Bt > Pl12 Pearson correlation
coefficient Wi fy 5 s 4 Ap B 122 47 > e i€ * 2t 4048 CoStat 6.1 o 4 Heeie
B AR L TS ?Ji%)i ’ érj"l",ﬁ% s T“f”'l",ﬁ% AR E >2 HF RS 0 B
i - = st fF (Simple linear regression) £ i% % & w i jF (Forward
stepwise regression, F-test base) & 7 4 7 » & * i3 g Bl #c 48 SigmaPlot 14.0

(Systat Software INC., CA, USA) - 5§ Bl4%2:%# * SigmaPlot 14.0 -

16
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2% 233, (Results and Discussion)
- A RERIEE AT 2. % Bemrd B SRR
(=)~ 7 I AULE 2 4 #pened & 4 Rk

4 et 8% st (CGA) R A % 5 51.13 - 69.50 mgg? » Tk R &
59.78 mg-gt dw (# 1) o vwrfip 2 R e (CQA) k& £ % ¢ CGA » it 77.85% >
JER A F 4 38.56-55.02mggt Tk AR 5 4653mg-gtdw H ¢ 12 5-CQA i
ot B R R s Tk R 2 37.75mg-gt dw (% 1) = enetfip 2 R Ak (dICQA)
HER = B nCGA» 1k 2215% kB A~ % 5 9.25-17.53 mggldw > T2k B 3
1324 mggtdw: # @ 12 35-diCQA 5 ittt £ F ehf 44 > T35k R 5 9.37 mgg?
dw (% 1) &=tfcit chwnrd 8 CGA~CQA-dICQA LR » A R B EF A
(B 2o ARRATRIE NG RERR G o H RN PR F e §
#c g 4p v~ & (Clifford, 1985; Farah and Donangelo, 2006; Ky et al., 2001; Ohiokpehai,
1982) -

X105 &£ R A e T @it g s S B KE B H w AT - e AR Y 7
MH IR p 2 FRIZE P RERIL S AR R 2 JERILE AP R o VT
2 oKk s BEIE - PPz fEeqN e 2 ThA ks A w4 8256~ 727.9 ¥ 917.7
m > 7R A HcA w5 81848208 27 8201 A > SR B AN A G LMEELR(R
) MR ABEA T AT iE Bty L AFIRR B F SR AL 2R
BTG R R REILE Bt AR A RRBE DA N (£
2) o

o d gerd 2 CGA -~ CQA S diCQA ik B » Bim AR 2 s li ¥
ZB(P<00l)e mApst>H i gut e » 2 9§ AITA P g AT 0 R R AT
24 &% Mz 3 CGA kR 58.32 mg-gt dw ~ #iiz. CQA ik & 4529 mg-g*

dw 2 fi <2 diCQA kA& 13.03mg-gtdw (% 2)o % 4 ¥ jrrndy d p 2 § AT

17

doi:10.6342/N'TU201900226



2 CGA kR B>t kike (F, 2017; De Bruyn et al., 2016)

o

PREETF B
CQA/DICQA 1+ & 3.77 » *t ki 0t @ 351 (% 2)» f 2% & A 75 (De
Menezes; 1994) 2 4% 4pF > P it R Fl i A R%R KA A A A 2L iELR - 3

FedB it 2 et g T s AR E IR A 24P 0 ¥ De Menezes 2. p IR T A

Wt HRS AL ¢ 0 5-CQA Hrwed B8 5 (bt fF B R Kk
¥ AL p & ¢h5-CQA kB A % £.36.86 ~ 39.99 ¥7 39.17 mg-gt dw (3 3)> &
B% R e 63.2% ~ 63.4%27 62.5% (% 4); 4o% i diCQA 5 3,5-diCQA R
ik B 0 diCQA - /kik ~ B AJZ e p L & 1 5-CQA Jk & 4~ % £.9.52~10.04
¢ 8.08mg-gldw (% 3)> k4% Rk 16.3% - 15.9%% 12.9% (% 4) 257§ 2. %
RpEE AR A0 b0 29 4 v gei g dp ¢ (Clifford, 1986) -

PRE & kkEp ok 35-diCQA kA 81mg-ghdw £ ikt 129964 i1
o B HMERARER YRS R kARERY R (2 34 4)-
DeBruyn % (2016)7* g% 5] 3,5-diCQA #p e kR ke s M » & A= 7 455
R AHDE S TR R RPIT Il d ) o HRRBMEE 2
M B KRR E PR ARJE ) 2 - F A RF] T ,T}'iﬁap ﬂg%ﬁ’“ R C VA

Wt R F T G EA R B

(Z )~ PP A R4 B2d B R
LA Avrtd B Tiof a3 0 i 11150 m o R4 # 82.78 » F
Be A% (2 5)c L2%hvBAR > J CCAYAERFALE BT LA vr2d
B X AFAE AR oA BEHS CGA & CQALR (% 5)c & L Bivhrtd &
3 BB 7 diCQA Jk & 13.78 £ % i< 3 CQA/MICQA + i 3.40 (% 5) -
B CGA ERPXARABEL LA FARL LSS RkES 24 7

F i a4 4 F 3-CQA ~ 4-CQA - 34-diCQA LA i F » A wuif 414~ 5,64 -
18
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224mg-gldw: £% 4 % 5-CQA kA& 39.33mg-gldw g2 2 ®(% 6)

ENLEMERABIELSE B2 HEE > LEANAm2d 57 K3
5-CQA -~ 3,5-diCQA ikt £ & i1 :13,4-diCQA ikt » A %l % 65.1% ~ 16.2% &
2.7%; 3 F BhAvrd 83 &% 3-CQA - 4-CQA - 3,4-diCQA £, diCQA ik
o s w5 7.0% ~ 9.5% ~ 3.8% £ 23.0% > m K G B K0 5-CQA £ 1% CGA
ikt 60.6%42 77.0% 5 & AR A et BRI S BA F2 ¢ (7)o

% (013) BAEK - EE BL 3 BARAF  ThHAIRARLL 2 Y
REER G AMF LB - ARA T AF P EABR Y LR a3t o Avelino % (2005)
% Joét ¥ (2010) R g4 dp AR ER CAFERRFT 0 FREHF R

4P S RABREREFRET -

(Z) 2 Emz 4 @2t 25 RR

~ [FliA%E (Grade 1) 22 » F45:E 2 A » Fl/A:E (Grade 2) z vwerzi? & 4 & »
4k~ FiFiE (Grade3) I 5 & eh#:2ia 4404 % 5 1022 m953 m £ 740 m (%
8) - Avelino & (2005) 45 &1 % /A frerty G RIL R - H R B A TR -
% CGA ~ % CQA 2 R dICQA Tk RfrF mE T 5 83 Hdjp b - o gtk
BE BTl 3 F (£ 8) o ApRT R R 0 CQAMICQA v ¥ it { §
% E(P <005 CGradel 2 & 3 $ B <+t e 3.76 > % ** Grade 3 #13.50 (% 8)-
%% De Menezes %5 7 4p+* i (DeMenezes, 1994) -

» 4 (Grade 1) z wwr24k 5 #F o0 5-CQA k& 39.40 mg-gt dw > %
# % e 3-CQA -~ 4-CQA £ 34-diCQA k& 3.28~4.84 27 1.71 mg-gt dw > iz
B R A B BTG AR (£ 9)e kAR & diCQA ¥ # 3 9 35-diCQA
Rlezpt maphd (% 9)o R it i » 4FiF (Grade 3) 2z evrzgk &> 3-CQA - 4-CQA -~
3,4-diCQA 4 CGA mikit iy (P<0.001) > 5-CQA it CGA i Bl # it

(P<0001) -t igd &3¢ 7 it 3 @ik (# 10) - Hjrt HALER 0 i
19
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AV P ARERRSAETORYELT F 5 P > CQACCGA £

diCQA/CGA x5 Bigikit>t » g B 57 -

20
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et B REE 2 A AT MG

Aofeit 2 e R g0 2 R A AR RS AR o A M Thlicr & 0435 5
F7 BRI ARM(P<0001) (£ 11)c AJZiE 7 § B 5005 308 o dic2 F ip b
kB AAE RIS HT BATAPM (r=048, P<0.001)> p et &
B AR A B R EERME r=034,P=0140) > g A& (r=0.29,P=
0.253) (% 11)c A £ A i kil 5 RE B £ 455 L Pl b vk higd o
R BRI rRAR D { FENE Wl B RS T ORE AL 5
SR Ao R 0 $ R vR R R A S

Rk IR RS2 A EH A B RERHES T2 £HRPE (3 11) - Joét
% (2010) * Al SR AR R R F 2 RES > PRI BARBELEREL
Rrerfphd e H 2% 22 AE% A F - & 2 Avelino % (2005) ¥ Bertrand % (2006)

A RAF LRI D BRBFRERBIERAER L BEEAFTL IR T A
GEFELEFTAARB I RARER O T RFVRIE S PR iFEER
T8 TR 77 Bt e o b iR E 2 27 Joét £ (2010) F 4 07 e o

TR A LH PR L B REEAOM G AR P ER RS
% %R pedn R (CQA, total CGA) &8 31274345 B AL 4 (P <0.001) 4p B %
Bor A w2 074 82072 0 WY P OERILE vt B o0 H P A AR
CDAﬁﬁﬁ@mi%&ﬁﬁ%’$%§mgéﬁﬁﬁ%(%1no#mﬁpf,
WEE ST IR R e RS R e AR B P R RB RS D REL
LELH o PR EFRERRI BT E S A EMARFT NIEL P
S F AR HFY R o

ki el R B GEA R E AP R L o IR A BB N RELE R R 2 A IT
BE A B2 (B 3 W 4)okE2h 5-CQA RS L RAKRT FALIMM (=
033, P=0.002)  p & 5-CQA &z a2 sp i+ { % (r=0.76, P <0.001) » -ki%

2¢13-CQA ~ 4-CQA -~ 34-diCQA kR RI& k% f 4k (P<0.001 ~P=
21
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0.002~P < 0.001) > ApB fhdgcr » wliE -0.38+-0.33+-0.39 p F & crudd L K
ok (% 12)c 3,5-diCQA 824 2 ikt 5% «hdiCQA» 2 ALz A » HIER
WEAEREEFAML (£ 12) -

A45-diCQA kR 224 Faenhf 2 > PIRESE 2 A 7 % ap b2 > Kk g2 &
¥ Lo 45-diCQA &a W B 4p (r = -051, -0.62; P < 0.001, P =
0.008) > p FAIZA E R ApM (r = 0.46, P = 0.039) (% 12) - &1 R hd_
4,5-diCQA ik CGA324% (% 1) 4r € FladZiz % b a 253455 B F rp b

B (F 12) 0 % 4 2 edn d > 45-dICQA ¥ i AT AL SR » ¥ ARJLEARY

\\;_

AT NG R E o AP RIS ETEE S o KR RIE (S e d

o]

45-diCQA KR § ~RF L2 R2tF A B HMEAMRBES PG o
AB% (Joét, 2010) - 7§ FIR > AP REIL 0 G P FrIL vt 2 0 H
4,5-diCQA ik & 2% (DeBruyn, 2016) - ¥ 2 4,5-diCQA k& £ AJ® %5 ~ 5 34
PF) MR EEEFET

Joét ¥ (2010) #Z4pdi > A 2 ~ P REGH ~ ZAER T LS REER £ M
o RERBRICERT BB FOPM > R A BERREAEF IS NERERT H
FeogpM e AR O BHERERFEEFAMIAET IR X HARLIEYH
5CQA £ 34diCQA JERATR » * R 5 A 73 B % 4p P > &NF¥ 00
BAMEST A FRFFEM A ARPFRLER  FEHLEWERMS
WHr A2 FFRE AAFLP VATEARR > LA D T RM G B FEE
B AR AR R

FUELEME REER B B BIGEFRM AT T ETEER AP D

A8% » 3-CQA ~ 4-CQA - 3,4-diCQA siia b s 2 { & (% 13) ¢

22

doi:10.6342/N'TU201900226



£ H % REER (Total CGA) $241ipli A ¥ &
AL 0 RIE 2 B RS R R ST R R (R 14) o WA 2 R gt
Pl B2 BAREARERMIER > X RZFEIFAT  F b AILE X 27
ot A schirRlh vA L 2 (Avelino et al., 2005; Steiman, 2003; Zanin et al.,
2016)

% CQA ER 2% CQAMMICQA Wi » 223 &5 5 BF X ApRE - szt 4p
B fadicr &~ wlid 02122 0.27 5 3 kA diICQA RIStHrRl 4 3t § & B8 At
FPEFLM (r=-017,P=0.042) (% 14)- i&fs® 7 Ohiokpehai % ¢-%t% I
FEAF S R L R e~ oD AR R S R 0 RESR L TR e (E L AR 0 A

uj4c » CQA 22 diCQA » H 38 % 4 it CQA &R At ¥ 4 vk » @ diCQA Al

7 PR k>t CQA e atif i ¥2 £ Frvk (Ohiokpehai, 1982) - +* 4= % CGA ~ CQA
% diCQA kA - CQA/MICQA s+t g [ i & 5 vwesiad 3 A iy #(DeMenezes,
1994) > @ R R AL ¥ 5 Bene2 2 W5 F AL AP o CQA JE A 2247 R 5 A ojp
Mg P AT 2 B8 ki fod BURiE 2 THCQA B RIA s R FAM (P
=0.248,0.196) : @ p 2 R G A FNE4pM (=043 P=0036) 0 A L7 £ 2k
B RSLE S RS RI ST AN L2 2k (£ 14) -

AT 2 5 e B DN THAR 0 % 35-dICQA r1vh o & H B Rk
Rl A T3 BF2ApM AL (& 15) > M jf H ¥ ste jfie {7 4 17 5-COQA #t 4 ¥k
T ApBE > A 48 R?:iE 0.168 ¢ 3-CQA -~ 4-CQA - 3,4-diCQA -~ 3,5-diCQA 1%

#ch fAPM 0 AT B R? 4 Wi 0.155 ~ 0.143 ~ 0.206 ~ 0.0928 (] 5 §] 6) -
PR EHT R AILE A B REAR MRS BT B WS REE R SR
AR B A MR FIASEE B B hlA 2 0 ke 2 h3-CQAER BB RIR
A% RBEAAPM (r=-052,P<0.001) #%m § AL p L & 51 3-CQA &7 ip] &

BB 7 % A AR ¥t (1 = -0.28, -0.21; P = 0.396, 0.319) » ¥+ 2 ¢ % R ¥
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8> 77 g DA g (4 15) BRIIER AR A v}}%m S5 &4
P AT A N L HRSRBHR RS T ML G A e

HWSRpER B 2 RIAAL a2 (2 16) & H W% R EIER 7
Rl A 2 AP AR (& 15) > A HHafp Rl 2 3 5 #TR B 0 1 20 itk
51 5-CQA % &) » #5-CQA k& #c 5 5-CQA kA& fht » H 214 deehdp i iadicr
d 0.36# % % 053 (4 15+ % 16) &1 5-CQA kA& i1t 4p i 5-CQA kB £_{
BF A ﬁ(:}% = .

BAZFTY B fp kit € £ Farah % (2006) 1345 ° & @ £ Hpr g 4
Bh B o AT Rt 3,4-0iICQA -~ 35-diCQA & 5 & 2 4aM - 5CQA R
%R f 4p M (Farah et al, 2006) > @ ##7 5 Rl4p 41 5-CQA & = & 1 A b >
34-diCQA R R 4pM (& 16) - BHPLB 7w EF LT # ik * chEdfik
B> (n=3) > X AFRISFE P A4 (Categorical) @ 2hid F#ci® (Numeric)
BRI RBFLHETHT R I REZEFAT LN E o B R E
SR E GV GREF ST T EA A > B A WAR S BB L2 BT
r 2 g A Rio zona ¥ % (Farah et al, 2006) » iz 45z # * # 3 Farah %
(2005b) - FAvipE Al (AR E SR E ) OBOR B RE kA RS R - Zanin
¥ (2016) fp M B RADRE RS f o RIS F OB A7 NGB

bR B 2 B

3
NS
\ﬁ-
poN
]
=
|rml.
P
i
=g
=

oo BRI E F B GDERE Aok
AT B DR A et gend Bk a0 g% § & Farah ¥ (2006) 7% jek
FE AP

Fedrop) A B L HE CGA BB BT v ik ,Lgﬂpﬁﬁ/,,\ﬁ | ,%fggé\&&
£ & H%FF 5 34-diCQA - A %G B R JAPM (P < 0.001)» /it 68.9% -
B 52 £ L5 5 5CA 2 ARERF AL APM (P<0.001) Fei i
16.0% ° B2 2% 3,5-diCQA 2247315 J &4 i 44 % AR M o i 35 4B 3% 9 i fF ) o

*+ > 35-diCQA {67728 7 4 & = |3 3,4-diCQA 2 5-CQA &2 287>
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AR PSR R EE I o = FlF R OECR R R%:% 0.331 > Ep: 25N 5
Score = 82.379 - 1.304*3,4-diCQA + 0.0966*5-CQA - 0.176*3,5-diCQA (mg-g* dw)
(% 17) -

FRAILE A A WL v EH R PPkt A b £ & 4 CGA 7]
+ % 34-diCQA > & o @i 3 R f 40l (P < 0.001) > ?E)gkfié 90.9% - H=x » &

S F &%) S L 35-diICQA EA BRI ERB AL M (P

0.029) - Fjt Ak it
9.1% ° = A A 4 R%iE 0.363 0 H i fF o Azat L
Score = 86.495 - 1.801*3,4-diCQA - 0.148*3,5-diCQA (mg-g* dw) (% 18) - p =
BAJLE P F b ehiE S o v - B~ A HE 9 iE i FRCA 0 CGA FS
5-CQA - &~ i) $ &L 4aM (P < 0001)  Fjehit 100% > 53]+ R? i
0.242 > Hiw j#= 425 & Score = 74.91 + 0.176*5-CQA (mg-g* dw) (% 19) - %
WA R R RIEE 0 7 R RS ks R FRCAA 3 0 ER
34-diCQA sk » f2f#4 R?= £ 0330 PALi-kike2 otk pPELE
L & P 5-CQA 175 I i At o 4ok kg 0 M HCA] & PR RIER 6 4 24T @
AP RIRE 2 A BAR A A A RET o

FEING RS TR TR A ERERERT  RF NP DALY LR F ST
FRIAR 0 R & D EreeegR Sen B o U R ORI ARG PO [ 7 2 AT
AR AT RIAA L AR R EA R BT OV AEIF c RA g ER

SR EREEFRIEAS DT RM R F R SRR LR

P B Bt i d - A Ed B AR X Ao BEIE A B

ﬂﬂ%%*iéﬁ#%ﬁé&{ﬂ;’%u?iﬁﬂﬁﬁéﬁbg

»

4_/*‘»1% BT o W EFIAFT T ARG AL BARFTRLEL 234
- BAEEsEm o E (R RS 2wl e
ig- A~ 47 5-CQA 2 34-diCQA ¥iripl# + = B FH @R P © 3

FoRR SR CRE BRE ~ TR ST ARM L < MAER R A
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AAp (4 20~ 4 21)o5-CQA ¥t iRl A HIE P F % F BAEZ D An i (P
< 0.001) > #¥# % § (Fragrance/Aroma) 3 % rp B 42 ( r = 0.44) > &2 T =it
(Balance) 7 & Medp it (r=0.27)> & 2 Had2iz 5 @ o 4B Tedier = 4 ;F‘;rs:g
3 03 B 4t7 P AULE 2 8 0 5CQA % A E Rl e & HE (2 20)-

34-diCQA $> 475 fipl» BT P ¢ 5 BB F i M (P<0.001)  #7 s
ih (Aftertaste) F S B Ap M1 (r = -0.39)2 f & (Body) # B isip M (1 =
-0.30) o R - A dT o Bt A APRE A AokiR RIS 0 BokikE Y H P R vk
(Flavor) § &% erdp b4+ (r=-058) &2 (Body) F # 4p M1+ (r=-0.46) -
Hiad® (RS2 p ) P ¥akgEpuit (P>0.05) &+ 3,4-diCQA kA ¥

ENE R i x| U’r-r"?rr;fp’fﬂ ¥ H g2 Y BRI E (£ 21) e
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E# (Conclusion)

4 Aeertd 5% RL (CGA) JEA 5 511 - 69.5 mgg! » wertfip g K ik
(CQA) k& b % :hCGA» X1k 72% - 84% > # ¢ 5-CQA 5 1 & & 4 » ik
B 5 29.9-453 mgg?t o ik 55% - 70% CGA » = wre2fip 3 £ /i (dICQA) 3 ik
B % CGA » #7 135-diCQA i & B4 kA 5 52-141mgg! >
k9% - 22% CGA - &1+ A H s & W2 vhertd 2 4pil > kR B G| X 5 P &
2 e

£ ket B0 CGA kR 5 4529 mgg! » M3 p g & ¢ 49.30
mggl > Bu%REEWER T e o i 35-diCQA LA 9.52 mgg? o

B P e H808mgg! c BASEE SRR § Ak p gl B o iRl AIE

B4 B AR AT R o
% 105 £ R A verzi® Y o sl (Grade 1) ~ W5 &4 8 (Grade 2) &
;\M—%‘ 45 i% (Grade 3) erwrezd & CGA~CQA-~dICQA = Bi#ciE m g ¥ £
£ om Grade 1 ¥# Grade 3 4p+t » B 33 ch3 337538 10222 m H R 3F o
CQA/MICQA +* 376> B ul% R ¥ 8P| 7 # I 8% > Grade 1 2 2 Pl &
% 1 5-CQA £ 1 3-CQA ~ 4-CQA £ 34-diCQA kR » Br iz HHER
AETAAERRT AL G fp R o
FPEAA R A RO GERBEDL S ERT RFOTHELR AR
11150 M > 22 $ 5§ chT o4 plat A 8278 & « £k ~ 34~ S A S H W A F ien
2l RS RMBREMFLL A BUSRBEMESRG TR BT
% ¢h5-CQA ik & 39.33mgg? » % # 0] F & % 1 3,4-diCQA ik & 2.24 mg-g™
LA PSS JShRe T g2 a2 PRI AT o

AHET R AT L B $N L BY SRR MEFRE
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FRAPEPFEEDCCA-CQA» 5 §REAM (r=072074) ~-kxe
PLEMFAMI « 53472 & BYRBENYG AN E > $52 27 3-CQA -
4-CQA ~ 34-diCQA kR & /335 f 4P M » 5-CQA R R P& /A 44T 4p B » st 485
SRR o e

ﬁ‘éﬁﬁé%ﬁ%w RS RMARE B RARL 0 AEKL R IRD
WEJLE G 2 ERSRRERSHRIAAZ T RN B EMERR
$HB ok § 3 Bkt 2 en5-CQA KR 2 iR A B A 1AM (1= 035, P
< 0.001) » 3-CQA ~ 4-CQA ¥2 34-diCQA Bl 4Bl A #cB B f 4B o @ P &
%1 5-CQA £k shf BARM * o d WL HRS > B B SRR E T R A A
Mgt BAJRE N E o RY I e iE O A TR R4 ek R L F] S o
#AFEF et 2803 0 34dCQA L% - B3 > H=x ik i 5-CQA #
35-CQA o dich bl F f o~ w ~ f o = 73 S5 Byl A ¥k
B34 R2=0331 FH kel v hufF o § S B3R 0
%A %5 3,4-diCQA # 35-diCQA > # & A ek f 4ph » £33l H84 R2=
0.363- 7 o §ASLIL 73 T H ik ff 0 G T 6 418 5-CQA I » 1] -
£33 4 R2=0.242

(5 1R A e & 45 1R 0 5-CQA #1907 AU % ~ F B i i ey Rl
AR R R g F adp i (r=044) &3 T Hrade ML (r=
0.27) # 1% - 3,4-diCQA R H %Kik 8 chi BLA mIE G f 6 BB b vhin

M EE (r=-0.39) il i B A A (S (r=-0.30) » $FH # AL ek

Rl AgE AR M1 -

AET MR AT R A FEAILE et B R O B h
MEFAEEFAAMEAY  GABRIBBE ST HE - ARFTREY 3 6

i CGA EHarA R ER%R v {2H T BEFrRDET 2 52 5

MBS T RAMEEE S RAR..LEZLLRRDSGRS T 0 22 1R
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Bk AR MARACR 5 2R dor BB B AT 0 %0 BRI R = R

BRI R R e SR R R o
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% (Tables)

2L A el SHRRARAE - FREER - B REE 2 AESRF TR
Table 1. Descriptive statistics of chlorogenic acid index, chlorogenic acid
concentration and chlorogenic acid proportion of Taiwan coffee green beans.

Mean * Stand. Dev. Min. Max.
2 x5 CGA 59.78 3.98 51.13 69.50
S 2 ”:—, CQA 46.53 3.31 38.56 55.02
E 2 & diCQA 13.24 1.52 9.25 17.53
S & CQA/dICQA 3.55 0.42 2.52 5.08
- 3-CQA 3.63 0.80 1.91 6.19
§ § s 4COA 5.16 0.78 3.56 7.63
= g:; 5-CQA 37.75 3.47 29.88 45.25
8 8 & 34-diCQA 1.93 0.45 0.94 3.30
§ s & 3,5-diCQA 9.37 1.70 5.20 14.07
4,5-diCQA 1.94 0.56 0.76 3.78
CQA/CGA 77.85% 2.03%  71.57% 83.55%
diCQA / CGA 22.15% 2.03%  16.45% 28.43%
o
< § 3-CQA/CGA 6.09% 1.44% 3.40%  11.19%
5§ S 4-CQA / CGA 8.66% 1.38% 6.35% 13.79%
E § 5-CQA / CGA 63.09% 3.10% 55.09% 70.36%
5 S 3,4-diCQA / CGA 3.24% 0.79% 1.67% 5.96%
3,5-diCQA / CGA 15.67% 2.63% 9.40% 21.91%
4,5-diCQA / CGA 3.24% 0.86% 1.32% 5.94%
zZ n=147
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Table 2. Cultivation altitude, cupping scores and chlorogenic acid indexes of Taiwan coffee green beans with three different processing

methods.

Processing Replication

Chlorogenic acid concentration (mg-g™* dw)

Altitude (m) Score CQA CQA/dICQA  Total CGA

Wash n=99 825.6 a* 81.84a 45.29b 351b 58.32b

Honey n=24 7279 a 82.08 a 48.92 a 3.50Db 63.06 a

Natural n=24 9174 a 82.01a 49.30a 3.77a 62.51a
Significance nsY ns Fkx * Fkx

z Means followed by different letters within the same column are significantly different at P < 0.05 by the least significant

difference test.

y ns, *, ** and *** were nonsignificant and significant at P < 0.05, 0.01 and 0.001, respectively, by ANOVA test.

x Altitude replication of wash, honey and natural is n = 84, 17 and 20.
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Table 3. Chlorogenic acid concentration of Taiwan coffee green beans with three different processing methods.

. o CQA concentration (mg-g™* dw) diCQA concentration (mg-g™ dw)
Processing Replication - - -
3-CQA 4-CQA 5-CQA 3,4-diCQA 3,5-diCQA 4,5-diCQA
Wash n=99 3.46 b? 497b 36.86 b 181c 9.52a 1.70¢
Honey n=24 3.67b 526D 39.99a 2.01b 10.04 a 2.08b
Natural n=24 4.27 a 5.86 a 39.17a 2.36 a 8.08 b 2.78 a
Slgnlflcance **xY **k* **k* **k* *k%k **k*

z Means followed by different letters within the same column are significantly different at P < 0.05 by the least
significant difference test.
y *** were significant at P <0.001 within the same column by ANOVA test.
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Table 4. Chlorogenic acid proportion of Taiwan coffee green beans with three different processing methods.

. o CQA / Total CGA diCQA / Total CGA
Processing Replication - - - .
3-CQA 4-CQA 5-CQA 3,4-diCQA 3,5-diCQA 4,5-diCQA CQA diCQA
Wash n=99 6.0% b* 8.6% b 63.2% a 3.1%b 16.3% a 2.9%c 77.7%Db 22.3% a
Honey n=24 5.8%b 8.4%b 63.4% a 3.2%b 15.9% a 3.3%b 77.6% b 22.4% a
Natural n=24 6.9% a 9.4% a 62.5% a 3.8%a 12.9% Db 4.4% a 78.9% a 21.1%Db
Significance *Y *%* ns **%* ***x **k* * *

z Means followed by different letters within the same column are significantly different at P < 0.05 by the least significant difference test.
y ns, *, ** and *** were nonsignificant and significant at P < 0.05, 0.01 and 0.001, respectively, by ANOVA test.
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Table 5. Cultivation altitude, cupping scores and chlorogenic acid indexes of Taiwan coffee green beans from different counties.

Chlorogenic acid concentration (mg-g™* dw)

County?  Replication . . -
Altitude (m) Score CQA diCQA CQA/dIiCQA Total CGA
Chiayi n=49 1115.0a* 82.78a 47.26 a 13.16 b 3.61lab 60.42 a
Nantou n=43 776.1b 81.22b 46.13 ab 13.78 a 3.40c 59.90 a
Taitung n=24 533.8c 81.64b 4555b 13.19 ab 3.49 be 58.74 a
Other n=31 7429b 81.69b 46.71 ab 12.68 b 3.72a 59.39 a
Significance =~ ***Y ikl ns * ** ns

z Means followed by different letters within the same column are significantly different at P < 0.05 by the
least significant difference test.

y ns, *, ** and *** were nonsignificant and significant at P <0.05, 0.01 and 0.001, respectively, by ANOVA
test.

w Altitude replication of Chiayi, Nantou, Taitung and other is n = 37, 37, 23 and 24.
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Table 6. Chlorogenic acid concentration of Taiwan coffee green beans from different counties.

. CQA concentration (mg-g™* dw) diCQA concentration (mg-g™ dw)
County* Replication : X ;
3-CQA 4-CQA 5-CQA 3,4-diCQA 3,5-diCQA  4,5-diCQA
Chiayi n=49 3.17b* 476 b 39.33a 1.66¢ 9.73a 1.77b
Nantou n=43 4.14a 5.64a 36.34b 2.24 a 951a 2.02a
Taitung n=24 3.37hb 4.86 b 37.31b 181c 9.31ab 2.08 a
Other n=31 3.83a 5.36 a 37.53b 2.04b 8.65b 1.99 ab
Significance FHxY ikl Fkx Fkx * ns

z Means followed by different letters within the same column are significantly different at P < 0.05 by the least

significant difference test.

y ns, *, ** and *** were nonsignificant and significant at P < 0.05, 0.01 and 0.001, respectively, by ANOVA test.
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Table 7. Chlorogenic acid proportion of Taiwan coffee green beans from different counties.

CQA// Total CGA

diCQA / Total CGA

County* Replication

3-CQA 4-CQA 5-CQA 3,4-diCQA  3,5-diCQA  4,5-diCQA CQA diCQA
Chiayi n=49 5.2% b? 7.9%b 65.1% a 2.7%¢c 16.2% a 2.9%b 78.2%ab  21.8% bc
Nantou n=43 7.0% a 9.5% a 60.6% c 3.8%a 15.8% ab 34%a 77.0% c 23.0% a
Taitung n=24 57%b 8.3%b 63.5% b 3.1%b 15.9% ab 3.5%a 77.5%bc  22.5% ab
Other n=31 6.5% a 9.1%a 63.1% b 3.5% a 14.5% b 3.4%a 78.6%a 21.4%c
S'gnlf'cance *kkY *k*k *k*k **k* * ** ** **

z Means followed by different letters within the same column are significantly different at P < 0.05 by the least significant difference test.
y ns, *, ** and *** were nonsignificant and significant at P < 0.05, 0.01 and 0.001, respectively, by ANOVA test.
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Table 8. Cultivation altitude, cupping scores and chlorogenic acid indexes of Taiwan coffee green beans with three different cupping quality

grades.
o Chlorogenic acid concentration (mg-g™ dw)
Grade * Replication . 5 -
Altitude (m) Score CQA diCQA CQA/dICQA  Total CGA
Grade 1 n=22 1022.2 &Y 83.63a 47.52 a 12.70 a 3.76a 60.22 a
Grade 2 n=31 953.0a 82.95b 46.57 a 13.22a 3.55ab 59.79 a
Grade 3 n=94 739.9b 81.16 ¢ 46.29 a 13.38a 3.50b 59.67 a
Significance FHAX ikl ns ns * ns

z Grade 3, 2, and 1 are coffees that didn't pass to 2nd round, pass the 2nd roud but didn't pass to final round and pass to the
final round of 2016 Taiwan coffee competition, respectively.
y Means followed by different letters within the same column are significantly different at P < 0.05 by the least significant

difference test.
X ns, ** and *** were nonsignificant and significant at P < 0.01 and 0.001 within the same column or row, respectively.

w Altitude replication of grade 1, grade2 and grade 3 is n = 20, 23 and 78.
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Table 9. Chlorogenic acid concentration of Taiwan coffee green beans with three different cupping quality grades.

o CQA concentration (mg-g™* dw) diCQA concentration (mg-g* dw)
Grade * Replication . - -
3-CQA 4-CQA 5-CQA 3,4-diCQA 3,5-diCQA  4,5-diCQA
Grade 1 n=22 3.280Y 484D 39.40a 1.71b 9.06a 1.94 ab
Grade 2 n=31 3.24b 484D 38.49 ab 1.72Db 9.80a 1.70b
Grade 3 n=94 3.83a 534a 37.11b 2.06 a 9.30a 2.02a
Slgnlflcance ** %X *k*k ** *k*k ns *

z Grade 3, 2, and 1 are coffees that didn't pass to 2nd round, pass the 2nd roud but didn't pass to final round and
pass to the final round of 2016 Taiwan coffee competition, respectively.

y Means followed by different letters within the same column are significantly different at P < 0.05 by the least
significant difference test.

X ns, ** and *** were nonsignificant and significant at P <0.01 and 0.001 within the same column or row,
respectively.
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Table 10. Chlorogenic acid concentration of Taiwan coffee green beans with three different cupping quality grades.

CQA// Total CGA

diCQA / Total CGA

Grade * Replication - - - _
3-CQA 4-CQA 5-CQA 3,4-diCQA  3,5-diCQA 4,5-diCQA CQA diCQA
Grade 1 n=22 5.5% bY 8.1%b 65.4% a 2.8%0b 15.1% a 3.2%ab 78.9% a 21.1% Db
Grade 2 n=31 5.4%b 8.1%b 64.3% a 2.9%b 16.4% a 2.8%Db 779%ab  22.1%ab
Grade 3 n=94 6.5% a 9.0% a 62.1% Db 3.5%a 15.6% a 3.4%a 77.6%Db 22.4% a
S'gnlf'cance * K kX **kk **%* **k* ns ** * *

z Grade 3, 2, and 1 are coffees that didn't pass to 2nd round, pass the 2nd roud but didn't pass to final round and pass to the final round of 2016

Taiwan coffee competition, respectively.
y Means followed by different letters within the same column are significantly different at P < 0.05 by the least significant difference test.

X ns, ** and *** were nonsignificant and significant at P <0.01 and 0.001 within the same column or row, respectively.

39

doi:10.6342/N'TU201900226



211 3 P RSEE 2 & Bt d B RIS ~ BRI RS AR A A 4T
Table 11. Correlation analysis between cupping score, chlorogenic acid indexes and cultivation altitude of Taiwan coffee green beans with
different processing methods.

CGA
Altitude x Altitude x Altitude x Altitude x Altitude x
Score CQA diCQA CQA/dICQA Total CGA
Processing  Replication r? P r P r P r P r P

All n=121 0.43 0.000 *** 0.28 0.002 ** -002 0859 ns 019 0040 * 023 0010 =
Wash n=84 0.48 0.000 *** 0.19 0086 ns -004 0746 ns 015 0.183 ns 0.14 0.205 ns
Other n=37 0.31 0.062 ns 059 0.000 *** 0.02 0923 ns 027 0110 ns 052 0.001 **
Honey n=17 029 0.253 ns 030 0239 ns -001 0964 ns 015 0568 ns 024 0.346 ns
Natural n=20 0.34 0.140 ns 0.74 0.000 *** 024 0304 ns 019 0414 ns 0.72 0.000 ***

z Correlation analysis is done by Pearson method.
y ns, *, ** *** Nonsignificant or significant at P <0.05, 0.01, and 0.001, respectively.
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Table 12. Correlation analysis between chlorogenic acid concentration and cultivation
processing methods.

altitude of Taiwan coffee green beans with different

CQA diCQA
Altitude x Altitude x Altitude x Altitude x Altitude x Altitude x
3-CQA 4-CQA 5-CQA 3,4-diCQA 3,5-diCQA 4,5-diCQA
Processing Replication r? P r P r P r P r P r P
All n=121 -0.34 0.000 *** -0.27 0.003** 0.42 0.000 *** -0.34 0.000 *** 0.14 0.124ns -0.17 0.062 ns
Wash n=84 -0.38 0.000 *** -0.33 0.002** 0.33 0.002 ** -0.39 0.000*** 0.20 0.062ns -0.51 0.000 ***
Other n=37 -0.36 0.030* -0.25 0.128ns 0.63 0.000 *** -0.37 0.023* 0.04 0.811ins 0.21 0.213ns
Honey n=17 -042 0.091ns -0.38 0.135ns 0.56 0.019* -0.49 0.044* 0.25 0.336ns -0.62 0.008 **
Natural  n=20 -0.57 0.008 ** -0.42 0.063ns 0.76 0.000 *** -0.56 0.011* 0.26 0.269ns 0.46 0.039*

z Correlation analysis is done by Pearson method.
y ns, *, ** *** Nonsignificant or significant at P <0.05, 0.01, and 0.001, respectively.
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Table 13. Correlation analysis between chlorogenic acid proportion and cultivation
processing methods.

altitude of Taiwan coffee green beans with different

CQA/CGA diCQA/CGA
Altitude x Altitude x Altitude x Altitude x Altitude x Altitude x
3-CQA/CGA 4-CQAI/CGA 5-CQA/CGA 3,4-diCQA/CGA 3,5-diCQA/CGA 4,5-diCQA/CGA
Processing Replication r? P r P r P r P r P r P
All n=121 -0.40 0.000 *** -0.37 0.000*** 0.45 0.000 *** -0.40 0.000 ***  0.07 0.430ns -0.26 0.004 **
Wash n=84 -0.39 0.000 *** -0.37 0.001*** 0.41 0.000 *** -0.40 0.000 ***  0.18 0.107ns -0.54 0.000 ***
Other n=37 -0.46 0.004** -0.43 0.008** 0.54 0.001*** -0.48 0.003 ** -0.09 0.602ns 0.05 0.748ns
Honey n=17 -0.49 0.047*  -0.47 0.058ns 0.50 0.039* -0.56 0.020 * 0.22 0.390ns -0.69 0.002 **
Natural  n=20 -0.68 0.001** -0.65 0.002** 0.63 0.003** -0.68 0.001***  0.01 0.981ns 0.17 0.465ns

z Correlation analysis is done by Pearson method.
y ns, *, ** *** Nonsignificant or significant at P <0.05, 0.01, and 0.001, respectively.
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Table 14. Correlation analysis between chlorogenic acid indexes and cupping scores of Taiwan coffee green beans with different processing

methods.
CGA
Score x CQA Score x diCQA Score X Score X
CQA/dICQA Total CGA

Processing Replication r P r P r P r P
All n=147 021 0010 * -017 0042 * 027 0001 ** 011 0182 ns
Wash n=99 0.12 0.248 ns -0.17 0098 ns 021 0040 * 002 0.823 ns
Other n=48 03 0014 * -023 0124 ns 035 0014 * 020 0177 ns
Honey n=24 027 019 ns -035 0090 ns 042 0039 * 0.03 0.889 ns
Natural n=24 043 0036 * -012 058 ns 034 0109 ns 033 0116 ns

z Correlation analysis is done by Pearson method.
y ns,* ** *** Nonsignificant or significant at P < 0.05, 0.01, and 0.001, respectively.
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Table 15. Correlation analysis between chlorogenic acid concentration and cupping scores of Taiwan

processing methods.

coffee green beans with different

CQA diCQA
Score x Score x Score x Score x Score x Score x
3-CQA 4-CQA 5-CQA 3,4-diCQA 3,5-diCQA 4,5-diCQA

Processing Replication r? P r P r P r P r P r P
All n=147 -0.36 0.000 *** -0.34 0.000 *** 0.36 0.000 *** -0.39 0.000 *** 0.01 0.942 ns -0.16 0.049 *
Wash n=99 -0.52 0.000 *** -0.53 0.000 *** 0.35 0.000 *** -0.55 0.000 *** 0.08 0.425 ns -0.35 0.001 ***
Other n=48 -0.19 0.199 ns -0.14 0351 ns 0.37 0.010 * -0.26 0.076 ns -0.09 0.542 ns -0.16 0.289 ns
Honey n=24 -0.18 0.396 ns -0.18 0.396 ns 0.33 0.114 ns -0.25 0.237 ns -0.20 0.345 ns -0.32 0.122 ns
Natural n=24 -0.21 0319 ns -0.08 0.696 ns 0.41 0.047 * -0.30 0.148 ns -0.02 0.930 ns -0.09 0.672 ns

z Correlation analysis is done by Pearson method.
y ns, *, ** *** Nonsignificant or significant at P <0.05, 0.01, and 0.001, respectively.
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Table 16. Correlation analysis between chlorogenic acid proportion and cupping scores of Taiwan coffee green beans with different processing

methods.
CQA/CGA diCQA/CGA

Score x Score x Score x
3-CQA/CGA 4-CQA/CGA 5-CQA/CGA 3,4-diCQA/CGA 3,5-diCQA/CGA 4,5-diCQA/CGA

Processing Replication r? r r P r r P r P
All n=147 -0.38 0.000 *** -0.37 *** 0.53 0.000 *** -0.41 0.000 *** -0.03 0.762 ns -0.22 0.008 **
Wash n=99 -0.49 0.000 *** -0.50 *** 059 0.000 *** -0.53 0.000 *** 0.09 0.390 ns -0.36 0.000 ***
Other n=48 -0.20 0.164 ns -0.18 0.42 0.003 ** -0.27 0.064 ns -0.14 0.332 ns -0.22 0.139 ns
Honey n=24 -0.18 0.411 ns -0.18 045 0.026 * -0.24 0249 ns -0.22 0.304 ns -0.33 0.121 ns
Natural n=24 -0.25 0.248 ns -0.19 0.39 0.062 ns -0.32 0.124 ns -0.15 0.486 ns -0.23 0.270 ns

z Correlation analysis is done by Pearson method.

y ns, *, ** *** Nonsignificant or significant at P <0.05, 0.01, and 0.001, respectively.
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Table 17. Forward stepwise regression analysis of cupping scores to chlorogenic acid concentration of Taiwan coffee green beans.

Standardized

n=142 Variable Coefficient o Accumulated R? Delta R? Contribution % P
Coefficient
Constant 82.3790
1st variable 3,4-diCQA -1.3040 -0.499 0.228 0.228 68.9% <0.001
2nd variable 5-CQA 0.0966 0.283 0.281 0.053 16.0% <0.001
3rd variable 3,5-diCQA -0.1760 -0.254 0.331 0.050 15.1% 0.002
Total 0.331 0.331 100% <0.001

z. Score= 82.379-1.304*3,4-diCQA+0.0966*5-CQA-0.176*3,5-diCQA (mg-g™* dw)
y Regression diagnostics: 5 data points had been removed as Studentized deleted residual over 2
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Table 18. Forward stepwise regression analysis of cupping scores to chlorogenic acid concentration of Taiwan wash coffee green beans.

Standardized

Variable Coefficient o Accumulated R? Delta R? Contribution % P
Coefficient
Constant 86.4950
1st variable 3,4-diCQA -1.8010 -0.663 0.330 0.330 90.9% <0.001
2nd variable 3,5-diCQA -0.1480 -0.204 0.363 0.033 9.1% 0.029
Total 0.363 0.363 100% <0.001

z. Score= 86.495-1.801*3,4-diCQA-0.148*3,5-diCQA (mg-g* dw)
y Regression diagnostics: 3 data points had been removed as studentized deleted residual over 2
X n=96
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Table 19. Forward stepwise regression analysis of cupping scores to chlorogenic acid concentration of Taiwan honey and natural coffee green

beans.
. . Standardized ) 5 o
Variable Coefficient . Accumulated R Delta R Contribution % P
Coefficient
Constant 74.910
1st variable 5-CQA 0.176 0.492 0.242 0.242 100% <0.001
Total 0.242 0.242 100% <0.001

z. Score= 74.91+0.176*5-CQA (mg-g™* dw)
y Regression diagnostics: 3 data points had been removed as studentized deleted residual over 2
X n=45
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Table 20. Correlation analysis between 5-CQA concentration and cupping attribute scores of Taiwan coffee green beans with different
processing methods.

Cupping attribute scores

5-CQA x 5-CQA x 5-CQA x 5-CQA x 5-CQA x 5-CQA x 5-CQA x
Fragrance Flavor Aftertaste Acidity Body Balance Overall
Processing Replication r? P r P r P r P r P r P r P
All n=147 0.44 0.000 *** 0.37 0.000 *** 0.34 0.000 *** 0.29 0.000 *** 0.29 0.000 *** 0.27 0.001 *** 0.31 0.000 ***
Wash n=99 0.43 0.000 *** 0.35 0.000 *** 0.35 0.000 *** 0.31 0.002** 0.24 0.017* 0.28 0.005** 0.31 0.002 **
Other n=48 0.35 0.015*  0.40 0.005* 0.36 0.013* 0.30 0.037* 031 0.035* 0.30 0.035* 0.35 0.014*
Honey n=24 0.52 0.009** 0.39 0.060ns 0.34 0.100ns 0.14 0.507ns 0.25 0.245ns 0.25 0.239ns 0.25 0.238ns
Natural n=24 0.29 0.171ns 0.42 0.039* 0.37 0.073ns 0.44 0.031* 0.36 0.087ns 0.35 0.094ns 0.43 0.035*

z Correlation analysis is done by Pearson method.
y ns,* ** *** Nonsignificant or significant at P < 0.05, 0.01, and 0.001, respectively.
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Table 21. Correlation analysis between 3,4-diCQA concentration and cupping attribute scores of Taiwan coffee green beans with different
processing methods.

Cupping attribute scores
3,4-diCQAx  34-diCQAx  34-diCQAx  34-diCQAx  34-diCQAx  3,4-diCQAx  3,4-diCQA x

Fragrance Flavor Aftertaste Acidity Body Balance Overall
Processing Replication r* P r P r P r P r P r P r P
All n=147 -0.30 0.000 *** -0.39 0.000 *** -0.39 0.000 *** -0.34 0.000 *** -0.30 0.000 *** -0.39 0.000 *** -0.39 0.000 ***
Wash n=99 -0.54 0.000 *** -0.58 0.000 *** -0.53 0.000 *** -0.48 0.000 *** -0.46 0.000 *** -0.51 0.000 *** -0.50 0.000 ***
Other n=48 -0.16 0.266 ns -0.25 0.088ns -0.25 0.081ns -0.20 0.175ns -0.24 0.107ns -0.27 0.066 ns -0.30 0.037 *
Honey n=24 -0.33 0.120ns -0.27 0.209ns -0.24 0.251ns -0.09 0.669ns -0.20 0.349ns -0.25 0.235ns -0.24 0.261ns
Natural n=24 -0.19 0.366 ns -0.29 0.166 ns -0.29 0.174ns -0.31 0.135ns -0.28 0.192ns -0.28 0.178 ns -0.35 0.095 ns

z Correlation analysis is done by Pearson method.
y ns,* ** *** Nonsignificant or significant at P < 0.05, 0.01, and 0.001, respectively.
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Figure 1. Effect of outlier elimination on coefficient of determination and normality of
regression model.
z Qutlier is eliminated as Studentized deleted residual is over 2.
y Modified model 1 and 2 were established by data set passed once and twice outlier
elimination, respectively.
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z Regression Diagnostics: data points had been removed as Studentized deleted

residual over 2.
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z Regression Diagnostics: data points had been removed as Studentized deleted
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54

doi:10.6342/N'TU201900226



Score

79 80 81 82 83 84 85
30
-
§ 20 A
=
Q
L I e e B O e e T OO 95% Confidence Band
— - 95%, Prediction Band
1
0
3-CQA = 23.193 - (0.239 * Score)
6 r=-0393 %= R%=0.155 L6
L n=144
=
« Sz 5 S
R
=
[~
o E Ten o
O =™ 4 Lg O
1 8 an ﬂlj
51 3 L3
2 - L2
g ] 4-CQA = 23.657 - (0.226 * Score) "
r=-0378 ** RZ=0,143
n =145
7 L7
=
e o
= =z
< E=5 <
- 6 O
O = ¢ @)
1 g an ﬂl.
T2 E s L <
S~ |
4 L 4
3 3
50 { 5-CQA =-52.612 + (1.104 * Score) L 50
r=0410** R%=0.168 -
L 45
: _—
«£Z «
= - 40
o s o
O E X | Q
- g2 ¥
g §, L 35
o
L 30
25 . , : — 25
80 82 84 0 5 10 15 20 25 30 35

Score Count
Bl 5. 4 ewetd & CQAER B 1Rl A 2 PRt TR A #
Figure 5. Correlation analysis between CQA concentration and cupping scores and its
distribution of Taiwan coffee green beans.
z Regression Diagnostics: data points had been removed as Studentized deleted
residual over 2.
55

doi:10.6342/N'TU201900226



Score

79 80 81 82 83 84 85
30 ) \ . A A A
25 - S
E 20 A
2 151
O
------------ 95% Confidence Band
51 — — —  95%, Prediction Band
0 I
3,4-diCQA = 15.244 - (0.163 * Score)
r=-0.454 == R2=0206
~ n=143
3 - L3
=
o= Z o
g = @]
U - -
= =5, 5 L, =
- o B ]
3 2 b ! <
A N
s S E
14 L1
3,5-diCQA = 9.461 - (1.13*10 * Score)
r=-922*10%ns R%=8.50*10" »
=
5 -
3iz S
&) i <
= =7 w =
- L B0 ]
T 2 ap | w
v § = s
N O — -8
-6
4 4.0
4,5-diCQA = 11.563 - (0.118 * Score)
r=-0305++ RZ=00928 L35
n=139
3 - L 3.0
=
< 2= S
=z L5 &
o
QE" <
- =T =
- L S0 2 F2.0 1
“w S o | i,
+ S E Ls
14 L 1.0
. . . — 0.5
80 82 84 0 5 10 15 20 25 30 35
Score Count

B 6. % & vnetd & diCQAER &Rl A 2 PR 122 THL A #

Figure 6. Correlation analysis between diCQA concentration and cupping scores and
its distribution of Taiwan coffee green beans.

z Regression Diagnostics: data points had been removed as Studentized deleted
residual over 2.

56

doi:10.6342/N'TU201900226



>3 < ;Je (References)
AR ¥4 R €.2018a Ri it A, RRIRE TR
<https://agr.afa.gov.tw/afa/afa_frame.jsp>.

AR ELR €.20180. F - pA 1 E - gn4g

\*R
R
[
S
[
&
o
i~
&
nl
\_
:Jm}
e
e
[

451 e Ay AL PR AR kS
<http://agrpmg.afa.gov.tw/agr-Sed/agrJsp/login.jsp>.

T LE0.2017. 2 e dRd Benrte 2 MR R ERE 4. W2 BAPHR
~FaEPE kTR LHme. BA.

E RS, 2018, vhr, FEAE LM BE R LA F AL & % p. 63-69. (7
SRR EAR 4 R ERR 50

SRR S s FRAZE ~ TR s KB K. 2006, % Aewrziz A 5. B X R ATEUFPR IR
67:13-16.

% i, ﬁ 2013, £ b Tt A A A FTEIRE CEMZFT, R BAPRREE
BEFA A AL, B

o R4 2007 A e 3R BR MR TR T R Y18 iy ez S 4T 4
BHREFF T LR, B

Avelino, J., B. Barboza, J.C. Araya, C. Fonseca, F. Davrieux, B. Guyot, and C. Cilas.
2005. Effects of slope exposure, altitude and yield on coffee quality in two
altitude terroirs of Costa Rica, Orosi and Santa Maria de Dota. J. Sci. Food Agr.
85:1869-1876.

Bekedam, E.K., H.A. Schols, M.A.J.S. Van Boekel, and G. Smit. 2008. Incorporation
of chlorogenic acids in coffee brew melanoidins. J. Agri. Food Chem.
56:2055-2063.

Bertrand, B., P. Vaast, E. Alpizar, H. Etienne, F. Davrieux, and P. Charmetant. 2006.

57

doi:10.6342/N'TU201900226



Comparison of bean biochemical composition and beverage quality of Arabica
hybrids involving Sudanese-Ethiopian origins with traditional varieties at various
elevations in Central America. Tree Physiol. 26:1239-1248.

Clifford, M.N. 1985. Chlorogenic acids, p. 153-202. In: C. R.J and M. R (eds.). Coffee.
\ol. 6. Springer Netherlands, Dordrecht.

Clifford, M.N. 2000. Chlorogenic acids and other cinnamates-nature, occurrence,
dietary burden, absorption and metabolism. J. Sci. Food Agr. 80:1033-43.

Coffee Quality Institute. 2018. Q Arabica Graders. Coffee Quality Institute, CA, USA.
05 Dec. 2018. <https://database.coffeeinstitute.org/users/graders/arabica>

De Bruyn, F., S.J. Zhang, V. Pothakos, J. Torres, C. Lambot, A.V. Moroni, M. Callanan,
W. Sybesma, S. Weckx, and L. De Vuyst. 2016. Exploring the impact of
post-harvest processing on the microbiota and metabolite profiles during a case of
green coffee bean production. Appl. Environ. Microbiol. 83:AEM.02398-16.

De Menezes, H.C. 1994. The relationship between the state of maturity of raw coffee
beans and the isomers of caffeoylquinic acid. Food Chem. 50:293-296.

Duarte, G.S., A.A. Pereira, and A. Farah. 2010. Chlorogenic acids and other relevant
compounds in Brazilian coffees processed by semi-dry and wet post-harvesting
methods. Food Chem. 118:851-855.

Farah, A. and C.M. Donangelo. 2006. Phenolic compounds in coffee. Brazilian J. Plant
Physiol. 18:23-36.

Farah, A., T. de Paulis, L.C. Trugo, and P.R. Martin. 2005a. Effect of roasting on the
formation of chlorogenic acid lactones in coffee. J. Agri. Food Chem.
53:1505-1513.

Farah, A., M.C. Monteiro, and L.C. Trugo. 2005b. Distribuicéo de &cidos clorogénicos

nos principais defeitos do café. Ann. IV Simpdsio PNP&D Embrapa Café.
58

doi:10.6342/N'TU201900226



Londrina, Parana, Brazil.

Farah, A., M.C. Monteiro, V. Calado, A.S. Franca, and L.C. Trugo. 2006. Correlation
between cup quality and chemical attributes of Brazilian coffee. Food Chem.
98:373-380.

Franca, A.S., L.S. Oliveira, J.C.F. Mendong¢a, and X.A. Silva. 2005. Physical and
chemical attributes of defective crude and roasted coffee beans. Food Chem.
90:89-94.

Guyot, B., D. Gueule, J.C. Manez, J.J. Perriot, J. Giron, and L. Villain. 1996. Influence
de D’altitude et de 1’ombrage sur la qualit¢ des cafés Arabica. Plantations,
recherche, développement 3:272-283.

International Coffee Organization. 2018a. Total production by exporting countries.
International Coffee Organization, London. 05 Dec. 2018.
<http://www.ico.org/trade_statistics.asp>

International Coffee Organization. 2018b. Daily coffee prices. International Coffee
Organization, London. 05 Dec. 2018. <http://www.ico.org/coffee_prices.asp>

Jeon, J.S., H.T. Kim, I.H. Jeong, S.R. Hong, M.S. Oh, K.H. Park, J.H. Shim, and A.M.
Abd EI-Aty. 2017. Determination of chlorogenic acids and caffeine in homemade
brewed coffee prepared under various conditions. J. Chromatography B
1064:115-123.

Joét, T., A. Laffargue, F. Descroix, S. Doulbeau, B. Bertrand, A.d. kochko, and S.
Dussert. 2010. Influence of environmental factors, wet processing and their
interactions on the biochemical composition of green Arabica coffee beans. Food
Chem. 118:693-701.

Kamiyama, M., J.K. Moon, H.W. Jang, and T. Shibamoto. 2015. Role of degradation

products of chlorogenic acid in the antioxidant activity of roasted coffee. J. Agri.
59

doi:10.6342/N'TU201900226



Food Chem. 63:1996-2005.

Kroll, J., H.M. Rawel, and S. Rohn. 2003. Reactions of plant phenolics with food
proteins and enzymes under special consideration of covalent bonds. Food Sci.
Technol. Res. 9:205-218.

Ky, C.L., J. Louarn, S. Dussert, B. Guyot, S. Hamon, and M. Noirot. 2001. Caffeine,
trigonelline, chlorogenic acids and sucrose diversity in wild Coffea arabica L. and
C. canephora P. accessions. Food Chem. 75:223-230.

Leloup, V., A. Louvrier, and R. Liardon. 1995. Degradation mechanisms of chlorogenic
acids during roasting. 16th Intl. Conf. Coffee Sci. (ASIC). p. 192-198. Kyoto,
Japan

Ludwig, I.A., L. Sanchez, B. Caemmerer, L.W. Kroh, M.P. De Pefia, and C. Cid. 2012.
Extraction of coffee antioxidants: Impact of brewing time and method. Food Res.
Intl. 48:57-64.

Mazzafera, P. 1999. Chemical composition of defective coffee beans. Food Chem.
64:547-554.

McCarty, M.F. 2005. A chlorogenic acid-induced increase in GLP-1 production may
mediate the impact of heavy coffee consumption on diabetes risk. Medical
Hypotheses 64:848-853.

Moon, J.K., H.S. Yoo, and T. Shibamoto. 2009. Role of roasting conditions in the level
of chlorogenic acid content in coffee beans: correlation with coffee acidity. J. Agri.
Food Chem. 57:5365-53609.

Naveed, M., V. Hejazi, M. Abbas, A.A. Kamboh, GJ. Khan, M. Shumzaid, F. Ahmad,
D. Babazadeh, X. FangFang, F. Modarresi-Ghazani, L. WenHua, and Z. XiaoHui.
2018. Chlorogenic acid (CGA): A pharmacological review and call for further

research. Biomedicine and Pharmacotherapy 97:67-74.
60

doi:10.6342/N'TU201900226



Ohiokpehai, O. 1982. Chlorogenic acid content of green coffee beans. University of
Surrey, UK, PhD

Ramalakshmi, K., I.R. Kubra, and L.J.M. Rao. 2007. Physicochemical characteristics
of green coffee: Comparison of graded and defective beans. J. Food Sci 72:
S333-S337

Shin, H.S., H. Satsu, M.-J. Bae, Z. Zhao, H. Ogiwara, M. Totsuka, and M. Shimizu.
2015. Anti-inflammatory effect of chlorogenic acid on the IL-8 production in
Caco-2 cells and the dextran sulphate sodium-induced colitis symptoms in
C57BL/6 mice. Food Chem. 168:167-175.

Specialty Coffee Association of America. 2009a. SCAA protocols grading green coffee.
Specialty Coffee Association of America, CA, USA. 06 Dec. 2018.
<https://www.scaa.org/PDF/resources/grading-green-coffee.pdf >.

Specialty Coffee Association of America. 2009b. SCAA protocols cupping specialty
coffee. Specialty Coffee Association of America, CA, USA. 06 Dec. 2018.
<https://www.scaa.org/PDF/PR%20-%20CUPPING%20PROTOCOLS%?20V.21N
OV2009A .pdf>.

Steiman, S.R. 2003. Method development for green coffee analysis and its possible
application for group discrimination and correlation of green coffee chemistry
with cupping quality. University of Hawaii at Manoa, USA, Master degree.

Tfouni, S.A.V,, L.B. Carreiro, C.R.A. Teles, R.P.Z. Furlani, K.M.V.A.B. Cipolli, and
M.C.R. Camargo. 2014. Caffeine and chlorogenic acids intake from coffee brew:
Influence of roasting degree and brewing procedure. Intl. J. Food Sci. Technol.
49:747-752.

Trugo, L.C. and R. Macrae. 1984. A study of the effect of roasting on the chlorogenic

acid composition of coffee using HPLC. Food Chem. 15:219-227.
61

doi:10.6342/N'TU201900226



Zanin, R.C., M.P. Corso, C.S.G. Kitzberger, M.B. dos Santos Scholz and M. Toledo
Benassi. 2016. Good cup quality roasted coffees show wide variation in

chlorogenic acids content. LWT-Food Sci. Technol. 74:480-483.

62

doi:10.6342/N'TU201900226



‘4% (Appendix)

1200
. 09 I 14e+9
=@= Production K
««Q-++ Cultivate area .
1000 A i
e Value ..0--'6 - 1.2¢+9
B~
= = 800 4 - 1.0e+9
PN Q
g = =
< = L 8.0e+8
] H =
= 600 1 -~
e & @
- =
Sz - 6.0e+8 =
2= 400 A >
& - 4.0e+8
200 A
- 2.0e+8
0 = T T T T T T T T 0.0

2000 2002 2004 2006 2008 2010 2012 2014 2016 2018
Year
Mg L TEL AR R R RGHEABLH

Appendix 1. Changes of production, cultivate area, and value of Taiwan coffee recent

years.
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W 2. wwetd B TR
Appendix 2. The procedural of receiving green coffee samples.

Yo R A RIEE RS A L BRI 2 B BT - s At jrid A B3 110 #
B53 1% B RETEG ek R 2 A UE R REPRR L R
S0 (P R AfEMAER R A REFkihid R TR S0 f& e
RARERAFI G & A iTe § e B ASL R WK ARk H R R

W eRHEAVPFE G e PRIRL (v d B2 G340 URFEF

>

B

JERRFIE -2 FAPH (RALEIL) Ta L CHFFI AL RS2
IR A fRETREICE LD RR AR FAEG > PREF T ART

R R R RS AR e RS AT 22 RS 26 ¢ -

ARNA FHAL 12274 50 S REHE2 D T FASRKT o 4
BAF RIS R RS2 RFFRPFRIEE 8 7 kS RIEMA 9% & F 20

13% 2 44 3 v o B R SAEHEEE 350 & Rvnrtd B o MLpIIHE S s i

PE R Sl § 2 4 B BRI 1R (Specialty Coffee Association of
America, 2009a) it {7 B G iE o M FerE R TG OF - BBER 0 Z RBRIERT AR
i 5 B B R e T

Ay —BBER (LEBRER ) & 3228 28e (i ad@e &k &
B 4o v fv‘]“,% CAREE AR S NS BRI B EpE ) %J;"F % (4 83
AR R LT B L ASRAR A KB P 2 R AurE (2
B3 2B ARHM S FTILDRE)

Br - (R&BR): ¢ 7 MR E -~ hIEE ~FRE (2 EFAS 2
REHEER)FECARE EHE CERD CEBDE LS SRZ K
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Appendix 3. Cupping procedural for coffee samples.
TR eeetd SR A E Y N oo R BN AR 8 Kapok 1.0 s (K
PR R RIS, FAR) BFEWRR O RERFPR S AL b U
#Ed 5 Agtron B fE 63 5 P ARR AR ARR o e B ER Y T 7 U
Kalita Nice Cut & = 4 (Kalita Co., Ltd., Yokohama, Japan) - (Hcit @& F7 B ifs 2
70% % 75% ¥ iiiE £ B 20 HLére %k (0.85 mm) o R AR FT E£4F 0 4R

mieH 240ml 7 £ 9 T RHF (TCLAFRIE * 45) » B4 425~ 132 225 2
ne I BHEFE-

WRIAZRE b e 6 T BN FRICA F i A F B RFR L~ 93°C
FoRE T HEFE PR ERE F A &B (s A PR R IE R R
A et K o B IR SRR FHTRBAF 0 A AT B
ﬂﬂém@%ﬁ%ﬁT’ﬁ%%ﬁﬁ%ﬁ%ﬁ’%W%i?%ﬂéi’%$é§
Wiz e Fr st P BRS HEEL 70°C Baeri 47 plsiex 2 545
FRheR AR BT R TERESFTIEAATR CEIFHMI AR
Ao TR LR A2 2 FhorRAGE o FIEWRIITE 0 P A F R Sl €

ST 2 R R 2T sk 7 (Specialty Coffee Association of America, 2009b) -
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Specialty Coffee Association of America Coffee Cupping Form Quality scale:
6.00 - 7.00 - Very 8.00 - 9.00 -
Good Good Excellent Outstanding
Namg: 6.25 7.25 8.25 9.25
6.50 7.50 8.50 9.50
Date: Location: TABLE NO. 6.75 7.75 8.75 9.75
SPECIALTY _
COFFEE ASSOCIATION Class: Station Instructor Name:
@F AMERICA®
Sample # [ Scora: Seova! Score: Scora: Seova:! Score: Scora: Tatal
Level Fragrance/Aroma Flavor Acidity Body Uniformity Clean Cup Overall Scol
S N nannn annnnnnn anennnnn nnnnnnn oooono |lgaoaoaoa |Lhehinhinh
& T a a 'IU“ i -3 ] 1006 1 L] ] ] 1 T a 8 0 (] L -] ] 10
Dy Cuslies:  Bresk Scove: Intenaity Level Scove: Scora: Defects  (sublract)
Anertaste High Heawy Balance SHEEINESS . _
nannannm LnlinhinlmTlaaaaa | o B
f.il Irl lul lel Ilt- Low Thin f.il I;vl I&I lsl IIU Fault=4 X =D
Notes | Final Scnrel I
[Sample # [— Scora: Scove! Scora: Seora: Seove! Scora: Seora: Total
Laval Fragrance/Aroma Flaver Acidity Uniformily Clean Cup Overall Seol
a1
samene ||||||||||||||I| ||I|||I||||||||| ||||||||||||||I| |||||||||| ooooo |ogooooa [nhinhinhnh
7 -3 -] 10 J& 1 L] ] [ L -] i
Dry  OQualiies: Scove: Intenaity Level Scove: Score: Defects  [subtract)
Afertaste High Heawy Balance Sweetness P -
— ol ] Lnhnlinhloooag | e FixF e
Fhrbrbrtertnth Fhrirreteirtnld
T L 8 10 Low Thin & 7 a a 10 Faun=4 X D = D
Notes | Final Scnrel I
Sample # [— Scora: Scove: Scora: Scora: Scove: Score: Seora: Total
Laval Fragrance/Aroma Flaver Acidity Uniformily Clean Cup Overall Seol
at
S nnnnnnnn nnnnann ||||||||||||||I| ||||||||I|| ooooo |ogoooo [uhinhinhnh
& T a a |UE} 7 |- -] 10 J& 1 L] ] § L -] i
Dry  OQualities: Bresk Scove: Intenaity Level Scove: Score: Defects  [subtract)
ANertaste High Heawy Balance Sweelness P -
— F il Lnhnlinhloooag | e FixF e
1
Ul lfl lB |9| IIE- Low Thin Ul I?' l&' lgl IICI Faun=4 XD=D
Notes | Final Scnrel I

e 4. % B Seeneil 6 41 R 4

Appendix 4. Specialty coffee association of America coffee cupping form.
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