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Changes in Major Chemical Constituents of
Green Coffee Beans during the Roasting

Kwan-Jung Kim' and Seung-Kook Park*

"Technical Research Institute, DongSuh Foods Corporation
Departmetn of Food Science and Biotechnology, Kyung Hee University

Abstract Changes in contents of amino acids, caffeine, trigonelline, chlorogenic acid, and monosaccharides in green
coffee beans during roasting were investigated. During roasting, amino acid contents of Arabica and Robusta coffees
decreased by 30%, among which cysteine, serine, lysine, and arginine contents markedly decreased, whereas those of
glutamic acid, glycine, alanine, valine, isoleucine, leucine, and phenylalanine slightly decreased or increased. Caffeine
contents of Arabica and Robusta were 1 and 2%, respectively, and remained unchanged during roasting. Trigonellin
content of Arabica (0.87%-0.90%) was slightly higher than that of Robusta (0.74%), and 50 to 65% trigonellin degraded
when green beans were heavily roasted. Chlorogenic acid levels of Robusta and Arabica were 4.82, and 4.38-4.66%,
respectively. About 90% chlorogenic acid degraded with heavy roating. Total monosaccharide contents of Arabica and
Robusta were 38.1-38.7 and 37.7%, respectively, and gradually decreased with roasting.
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FoAR 3t A= -2 A3 F(green coffee beans)
Wl A7 1 (roasted coffee beans) o th3t opw]i=it FHaF 2 W3l
A A7@-7), I FF R RSt A A78-10), B

el gheF 2 sl #eh A(11-14), SFEZAL shaF 2
shol] T8k $194(15-26), carbohydrates T+ % Bisto ek i
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Rl sl thEt AAHe)T FPA9 ATE Ae gl A
ofth. ¥ A= FEFE ARNT 3% hsiA a3
ALEA WskEE seke F8 4RE F, opleAl, Jhiel,
Pade, FEE U GRRe) ek v 3 2t
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RO FN Arabica E2-L Colombiatta} Brazilh}l, 283l
Robusta F2-& IndiathS A3 315t

2 A9 YT 35 s SHY Roaster(Model 10, Probat Co.,
Germany)E AM-3Fd kgt 2 201°ColA 210%, F7hldS
220°Col A 230%, 74k A 230°ColA] 250% FSt wiA sk T
HiAAS ] gl AP == A=A (Dr. Lange model LK-100, Dr
Bruno Lange Co., Germany)E AR&-ste] £743190.2H, 014 10
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ATAHAE 11.0-13.1, FelAe] A= 8494, 7
$E 55572 FAUEE FARRE BEE 9d
8, 0= A4, 1002 AL Jepdoh. £48 95 A8
HE)z2A A 2 vldATe] 7 B71(Bunn model G3A,
Bunn-O-Matic Co., USA)YE AME-3t F7Hx9 4==27](0.6
mm)E 3 oS 50 mesh(0.3 mm)E A2 F B3E YAt
58 BAANEE AMET

& ofn|‘cite| B4

A 82 4t 7tEEE Sstd AFET B wi@TE 208
20mLE %] F=Zo ¥ 6N HCl 10mLE 715 v U=
HE Atz gt A&siA WE3Isith olF 110°C, 24
A7 F9F JlRE] & HCRE: AASh B2 okl 8144
7 O 0.IN-HCl 10mLS H7}e ¥ Sep-Pak C; ® 0.45um
membrane filterMillipore Co., MA, USA)E 33+ & 2F A
2 9ok 2k 7EREE olr) Aty 498 HPLC-Postecolumn
OPA §5AM-S AHR-3191.97(38,39), 7]71%= Biochrom-20(Shiseido
Co., Tokyo, Japany2 ©]-8-3/%3, ZHL Shodex CX Pak(4.6 x
150 mm, Shiseido Co., Tokyo, JapanyS AM&-8lirt. §vjA= pH
3.624) trisodium citrate dihydrate 19.6 & ZF< 800 mLol) &
A3 =9 F o]ekg 100mLE 713 o HAF 126 mLE Tt
3 A7le) 2HFE Fo] 1,000mLE wFE U caprylic acid
0ImLE T3 F 2 5o Egg F AL, &9 Be
pH 942X grisodium citrate dihydrate 14.7 g, sodium tetraborate
9.5g, sodium 0.6g 12]Z sodium chloride 35.1 g& S/ 200
mLy 7 =9 U SFFE uskd 1,000mLE 2% o
caprylic acid 0.1 mLE H3le] & 5o £F & ARSI &
Wl A% BE £349]82 0-11% 7S A |9E 100%, 11.1-23
2 7Ae A 2977%, B &7 23%E sHon, T2)3 23.1-40
£ 7IRE B £9E 100%Z2 3tk Oven &+ 55°C, 52
04 mL/min, A&7+ E372ZE7)(ex. 340nm, em. 450 nm)E A}
L33k 7zt oAt Ao gk Hae Zzbe] ofmlAt &
ZZ(Sigma, St. Louis, MO, USA)E o] &38}4] chromatogram]
peak HAHE VlEo® AFAL AT UL AESY 74 o}
a4k digk RS 3T

I

72!, EB[adl ¥ SERAYM B4

Fi=¢l, Eglzdd ¥ 22448 A B4 5 U=
Bradbury 52 ¥R @0l F3tch AR AT 2 widAS 1.0
g2 A3s) Pakslo) 100mL FEEe)ad Y, =AL 7
F(80°C) 100 mLE TI3 & 2A417F B9t ESEH60°0)S A5
on, B8] i g 4 98 A BZAT = 10
vl 84 02 045 pum fiter® et HE HAZ Sch
#£2417171 24 Hitachi HPLC(Model 7000, Hitachi Co., Tokyo,
Japam)E ©18-3+9 3, column C,; Capcell Pak(Shiseido Co.,
Tokyo, Japany& ARE-3I99T}. ColumnEE 40°CE 31, o
3£ 10mM HCI : methanol = 90 : 10 AMS-3153.2 1, §&2 0.5
mL/minZ sttt 2213 &7 diode array detector(UV 210-
310nm)E AREEITh BEed 2AE A, Exjadd, 2
2 2714KSigma, St. Louis, MO, USA)2] EFAEE 7427} 1,000
ppmOE NE TS 2 E83 ¥ stock solution® AZ312, 9
|48 717} 5, 10, 20, 40, 60 ppmSZ THES] working solution
o2 AMgEle] HEgAe AT o AR dEiA 58 S
73t

SR 24

e B2ML Tugod1)d Jonesd2)e] WS AMEEINoH,
ANE 03gS A Hste] ukgFH Y3 o7l 2% B
2 omLe Wd 3 FTIE & AT, HREE 55
Z@0°C)el 1A1ZE Bk FAFEA 158 HFHoR R &
AolFe}, o] gl AEe2ad AEE &4 'L 121C
F 2087} autoclaving 3FFTE 100mL FEZef2T] o A&
$A 93 ER5E 100mLE ¥ the 3mLE Fae, 9 4
L ZEFE AMEste] 50mLE 34 3 TR Cy Sep-Pak filter
2 045 um disk filter(Millipore Co., MA, USAYE &3 AT ¥
= 7AAZ 3k 50 uLS ion chromatographl] Fste] #4135}
g}l 2437|7125 ion chromatograph(Model 4000, Dionex Co.,
CA, USA)S 01833, column? CarboPac PAl(Dionex Co.,
CA, USAYS AHE-315IT) o]84-e 150 mM NaOHE AMS-3IA L,
S4&0 10mL/minZ 2™, AE7|< pulse amperometry
detectorS AFE3IATH EE89 ZA|= ambinose, galactose, glu-
cose, mannose(Sigma, St. Louis, MO, USAYE 717} 1,000 ppm2
2 o= ge & 238 & stock solutiond AR, 9 £
& Ztzt 42 1, 5, 10, 20 ppmoE TS working solution®. 2
ARgE1] AL ZF TR ARl st =8 S

ot ¥ nE

Z ojoj=dt B

AR DE 3T Q& EFo| WE F op|=it FFE BT
ARE Table 13} 0] BF 1758 st ARETF F
Zo] W& % olulicAt 3k € alanine, phenylalanine &l )
ol Robusta AT|UFE] 7% Arabica =52 Colombia ¥ Bra-
zilol BlslA AiHos Bt} &, Robusta®] AT F ohvx=At
ke 92% O, drabica®l 7ol ok 7.0-7.6%2 e

WA Ee wE & opmligte] Fell o3 EaP == Table
194 Bl vieh o] 738t Aol A Arabica B Robusta B
= AVYFEE 7)o ¢ 30% AL A, 53] uid
BE7t ANEATE cysteineS SEH o2 EajEo] A SAst
=z ok= oz BNEY AL, serine, lysine I arginine®] TS
HAA A 7adhe Aoz Ueldth oj¢hs BWHHE glutamic
acid, glycine, alanine, . valine, isoleucine, leucine, phenylalanine
Lo A58 onAtEe HIAFTAEE BAFe] AAU L8H
Z7lele A%S Uekith o9t 2 Ade dd FxoA
Folg & et &F4 ol vl A Wil
Y3 U] Wl ArhHoR i) =&Y e A of
olieabe] BlEiA goll o3 FFFS B W o 2A Fehkgouyt
BalEe A5rt @] gl Aoz A Thaler 5(4) R
Feldman 5(5)¢] R Il <[} serine, cysteine, lysine, serine,
threonine 5 HIAFAS @Al 2=l o, o|gh= il
2 glutamic acide 50% FXE 571831, leucine, phenylalanine,
proline & 97+ Z743k0.0™, valinedl 73 A3HA wid®
Robusta 719914 36% A= F718 202 BusAr). Methioine
A ATLETEA o 120200mg/100g A= SATTL B
APet@), & dride ANdT 2 AN BF A
Zo] FR] gtth ol 4 JheRE WHoE AR HAEsE
FAZo] AY BEi=e Aoz FHEL
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Table 1. Changes in amino acids content in green and roasted coffee beans (Colombia, India and Brazil)

155

Unit: mg/100 g (db)

Colombia Colombia Colombia Colombia Brazil

Brazil Brazil Brazil India India India India
Green Light Medium  Dark Green Light Medium  Dark Green Light Medium  Dark
Coffee  Roast Roast Roast Coffee  Rdast Roast Roast Coffee Roast Roast Roast

Aspartic acid  699+35" 568429 549+30 37616 650+30 578+27 621+33 430+20 1005451 557433 545425 509+30
Threonine 240+11 173+12 173+10 9749 218+10 16211 151+57 88+3.7 319+£97 145+39 14065 103+5.1
Serine 30515 139+10 168+11 59+45 293+13 126+£7.7 101+65 38+2.1 407+25 104+88 90+73 50429
Glutamic acid 1831+75 1922+82 1747+87 1490+ 66 2215+97 1902+90 1491 +£82 1682+77 2336+99 1935+93 1998+97 1976+ 88
Proline 510£20 428422 376+15 250+17 527+21 382+£20 424+18 337+20 738+29 386+21 355+15 301+17
Glycine 355417 417+31 273+£10 270+13 33518 352+19 365+£22 320+20 48427 391+22 446x26 389+15
Alanine 34411 35017 323412 273493 452+£20 367+17 308+15 344+17 448+30 368+19 383+12 380=14
Cystine 22+17 27+03 26=£0.1 0 29+19 9+0.8 0 0 66+£2.5 5+02 0 0
Valine 377411 386+19 35015 301x13 49627 401+29 47618 378x11 495+27 403+£29 411+11 423+20
Methionine 0 0 0 0 0 0 0 0 0 0 0 0
Isoleucine 286+13 285+17 264+16 219+10 240+15 271+12 265+13 26117 373+£20 28611 296+17 296+20
Leucine 573127 616+£29 533+17 478+18 749+24 639+28 49627 581+21 749+33 632425 658+19 656+22
Tyrosine 16757 19666 15773 136+49 26111 224+99 164+10 208+87 220+11 199481 21310 20711
Phenylalanine 38712 374+15 315+£10 281+12 460+£19 401+11 347+12 36710 540427 400+£21 425+14 410+13
Histidine 120+£55 121+6.1 8471 75£27 108+9.1 112+80 105%£69 10779 151+10 110£69 129+56 104+6.2
Lysine 362+13  96+7.1 T4+£34 55+£25 29519 93+£79 90+57 85+32 412+17 86+55 98x49 82+47
Arginine 33415 32+£17 35423 20+£19 291+10 64+25 47+£21 27+13 431+£21 50+21 47+£18 25+1.1
Total 6912+ 2886106+ 3055422 + 2534380 + 1967619 + 3456083 £ 301 5451 +£277 5253 £ 2509174 £ 4396057 + 3106234 £ 272 5911 + 270

"Mean + SD (n = 3).
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Table 2. Changes in caffeine, trigonelline, chlorogenic acid content in green and roasted coffee beans

Srapshe
BelFE ve} ol wAYEs} A

Table 2, Fig. 1014
Egudy sheke

Unit: % (db)

Coftee Beans Constituents Green coffee beans Light roasted Medium roasted Dark roasted
coffee beans coffee beans coffee beans
Colomia Caffeine 1.04 = 0.09" 1.00 4+ 0.08 0.99 £ 0.09 1.01£0.07
Trigonelline 0.87 £0.06 0.76 £ 0.05 0.67 +£0.05 0.48 £ 0.02
Chlorogenicacids 438+0.27 1.33+0.07 0.98+0.05 0.51+0.03
Brazil Caffeine 1.05+0.08 1.05+0.13 1.04 +0.09 1.04+0.11
Trigonelline 0.90 +0.07 0.86+0.06 0.71+£0.04 0.45+0.03
Chlorogenicacids 4.66+0.23 1.23+0.09 0.80 = 0.05 0.39+£0.02
India Caffeine 1.99+0.11 2.02+0.13 1.96 4+ 0.10 2.02+0.18
Trigonelline 0.74 +0.02 0.47+0.03 0.36 £0.02 0.27+0.03
Chlorogenicacids 4.82+0.39 0.82+0.03 0.54+0.02 0.32+0.01

"Mean = SD (n = 3)
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Fig. 1. Correlation between trigonelline degradation and degree of roasting.
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Fig. 2. Correlation between chlorogenic acid degradation and degree of roasting.

2431 Z1og YeltE), Robusta?l 735 743k Wi 3g ol x4
Efvdde BsAEs F 65% TROZ Arabica®] 50% T
of ujgiA "k A BEsjEE AeR A=

Robusta AX LT} Arabicaol V8|4 Edzd® Bl xr)
T2 AL o7 WEsA FEEHA RUAT AnATY] =
7], A7), e 59 ABolAe] o] &, Robusta HAHAFE] 7
S Arabico BISIA Z77F D, 2A9) Lnrt @) ujiE
g oz dof ofF ¥ Bo] W2 ZoT F2HAr) A
Azl Eglydd 3 walele] FEAAL Fig 1914 B
F= kel Zo] HA4S vERleH, aidAT 33H gk A
FA) Z(correlation coefficient; )= Colombia; r*=0.9623, India;
#=0.9883, Brazil; #=097892.% &ro1x|ic}.

S22 24M(5-Caffeoylquinic acid; CQA) &

222k quinic acid®ll caffeic acid’} ester AT 3L Q)
t AL ouisty, i ol dFAA CQA(caffeoylquinic acids),
diCQA(dicaffeoylquinic acids), FQA(feruoylquinic acids) &-& 7}
A3 JUTH(19). dubdom F FZ2ALE 9 Il o] dFA

o] Fe Ealy, B AFM B4 F22AME 5-CQAE o
meth(19,20). ZEEALL ARTHE SEHo R 4A 2=
o] AHZEFS phenol BFHE T2 AP, o)) phenol 3t
FEL A 93} o B FIgE F7] yied AAELE
Brisied doir 208 HARow A b AWdTe F
2o B2 FE2A g% E445s Table 2014 BoAFE
vlel 7o) Arabica % Colombia 2 Brazile] AZHFO ZA
Zbz} oF 438%, 4.66%, 1|3 Robustal A% 4.82%FA
Robusta?} Arabica o H1)A oF7F Bkt drdow F22ql
AH5-CQA) 3He] A% Robusta’} ZAZTLHO T 442-647%,
28T Arabica®) 735 3.44-561%FA1 Robusta’} Arabica V)3
A Bt} go] delal e Aoz BIFHATKS,18-26).

AR EE) w2 gz=244 3 HEl= Table 2, Fig. 241
A BoFe uleh o] widF st AT E FEZAT T
e Awel AApA AL AL BT glom, widAL]
3% thah A#AIS(correlation coefficient; )+ Colombia; =
0.9953, India; = 0.9857, Brazil; ?=09991% velgth §3], 7
s WA ZAY AS Arabica B Robusta WWAFAT ] A4 &
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Table 3. Changes in monosaccharides content in green and roasted coffee beans

WH3lel= 20 slsd i dig A 157

Unit: % (db)

Coffee Beans Monosacchrides Green Coffee Beans Iég?é?giﬁg Mg?)lgg; lézzrs;ed Iégrffkelel%aes;(:
Colombia Arabinose 2.36+0.17" 1.68+0.15 1.43+0.18 1.09 £ 0.09
Galactose 930+0.39 8.30+0.25 7.72 +0.31 6.69+0.26
Glucose 971+ 043 6.77+0.30 6.61 £0.21 7.04£0.29
Mannose 17.01+£1.22 13.81 £ 1.08 13,79 +1.23 13.58+1.27
Total 38.08 £2.21 30.56 £1.78 29.55+1.93 2840+ 191
Brazil Arabinose 2.86+0.20 1.80+0.14 137 +£0.11 1.04 £0.08
Galactose 1041 £0.57 7.76 £0.39 742+041 5.87+0.31
Glucose 9.92 +0.61 6.52+0.42 6.47x0.37 6.38+0.29
Mannose 1549+1.13 13.21+1.29 13.09+1.17 12.07 4 1.09
Total 38.69+2.51 29.29+2.24 2835 +2.06 2536+ 1.77
India Arabinose 2.69+0.19 1.53£0.78 1.37+0.63 1.02 £ 0.07
Galactose 1126 £0.73 8.83+0.39 835+ 045 6.95+0.37
Glucose 9.12 + 0.68 8.05+0.55 7.46 +0.62 7.36+0.49
Mannose 14.66+1.29 12.58 +£1.32 13.11 £ 1.09 11.79+1.09
Total 37.72+2.89 3099+ 3.04 30.29+2.79 27.12+£2.02

PMean £ SD (n=3).
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N&Eoz oF 30% AL stk 53, cysteine Mo R
Balso] Aol A8k &k, serine, lysine ¥ arginine TS
AR SA FAER e, ojoks BWITHE glutamic acid, glycine,
alanine, valine, isoleucine, leucine, phenylalanine & ¥lZF4 %
Zrazo] HAY EE FUkE A4S Uitk FHQl e
A= ArabicelM e AZ2FEOZAM F 1.0%01%0L Robustas ¥
20%2 UeRdor widA Rz wE Fel g wie A
Stk Evadd ko) AS drabicas AZRFFOEA 0.87-
0.90% F=0|A3L Robusta®l 7395 0.74%% JEPtom, wid
Azd) o2 srjudd g5 EAe A WA=t Feid
FE Robusta?] 7% AHLFE 7IEoE & 65% A%, 18l
Arabica= 50% A% a8t E2244 M= drabica
o] A Axdero ma] 438-4.66% FEOIUIL Robusta®] 735-
= 4.82%EAX] Robusta?} Arabica®) VIS|A R} 22 kg T4
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stal Yem, AR AN A4ZE Robusta L Arabica® T
AN LT tin] ok 90% o) FAdhe Aoz vrhgrh 9w
F M E Arabica EF2 Colombia 2 Brazild] 73$¢ A%
Steko B X z}z} 3808, 38.69%, Robusta®] A% 37.72%=A]
Arabica?t Robusta®l ¥INA F SFF9) ko] o7k Bgton,
HAd e mE dgRe I Wale wAgd=I deds
g zhhdle AEE HYh
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