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Study on the Contents of Harmful Substance in the Extractions of Coffee Bean
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Abstract

This study was performed to survey and evaluate the contents of caffeine, harmful metals and benzo[a]pyrene in commercial
coffee bean. Total forty-one coffee samples were analysed : fifteen samples of cafeteria, thirteen of franchise coffee stores, eight of
selling ground coffee and five of instant coffee. A 20 g portion of roasted ground coffee samples were extracted in coffee-maker
with 300 mL of distilled was and the extractions were used in all experiments. The contents of caffeine in coffee extractions were
determined by UPLC/PDA, the range of detection was 534~1,070 mg/L (mean value=752 mg/L). The samples of cafeteria in sale
type, were slightly lower than another. According to increase of the roasting temperature, the contents of caffeine were shown a
tendency to decrease. The contents of harmful 5 metals (Pb, Cd, As, Cu, Cr) in coffee extractions were determined by ICP. The
average contents of Pb and Cd were 0.016 and 0.001 mg/L, respectively. Remarkable distinction was not shown in sale type,
producing area and roasting condition. However As was not detected in all samples. The average content of Cu was 0.157 mg/L,
the samples of franchise coffee stores and Kenya were higher than others. And not shown a tendency to decrease according to
increase of the roasting temperature. The average content of Cr was 0.024 mg/L, the samples of cafeteria, Hawaii and medium
roasting were higher than others. The contents of benzo[a]pyrene in coffee extractions were determined by UPLC/FLR, the mobile
phase was a mixture of acetonitrile and water in 8:2 by the isocratic elution and the excitation wavelength of fluorescence detector
was 294 nm and its emission wavelength was 404 nm. The range of detection was ND~0.103 pg/L (mean value=0.027 pg/L), the
samples of cafeteria, Brazil and dark roasting were higher than others.
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Table 1. Consist of test samples

) Roasting conditions Numbers
Producing area ) i :
(L: Light, M: Medium, D: Dark) of Sample

A-1 Ethiopia L
A-2 Ethiopia L
A-3 Ethiopia M
A-4 Ethiopia D
A-5 Brazil L
A-6 Brazil M
A=T7 Brazil D

Cafeteria A-8 Colombia D 15
A-9 Honduras M
A-10 Indonesia D
A-11 Kenva M
A-12 (blend) D
A-13 Guatemala D
A-14 Tanzania M
A-15 Hawaii M
B-1 Kenva D
B-2 Indonesia D
C-1 Colombia M
Cc-2 Guatemala M
C-3 Kenya M
) D-1 Ethiopia L

Franchise
D-2 Kenva L 13
Coffee Store

D-3 Guatemala L
D-4 Colombia M
E-1 Colombia M
E-2 Guatemala M
E-3 Indonesia D
E-4 Kenva D
F-1 Colombia M
G-1 (blend) M
G-2 Colombia M
) H-1 Nepal M

Selling Ground Coffee 8
H-2 Peru M
-1 Colombia M
[-2 Hawaii M
[-3 Jamaica M
J=1 (blend) M
K-1 (blend) L

Instant Coffee K-2 (blend) D 5
L-1 (blend) M
L-2 (blend) M




Caffeine 3eF B4

A F2H 5 mLE 100 mL HAZERATe| skl 20%
Methanol S 7}5}0] 587F 22u} X2Jst the A83kal, 0.2 um
membrane filter2 oj1}5}0] ZF AAZ AT EA47)71=
Waters Acquity UPLCE ©0]-&3}911 A Z7ALE Table 29 ZAth

FF8Mo AL Caffeine (Sigma—Aldrich, 99.0%, USA)
<2 methanolo] %4 1,000 mg/mL &%9] stock solution A|
Sl ThA] 10, 25, 50 mg/mL=E 3|Aste] HgAE A
e AR SES Zgshc

ol BN

%ol 334 TF 2
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32 AL QAT F 6. FHIFEAT U wrek WS
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ool Hal A=AAT Gumeld Fhdstel HeAZl The
sslm(sUael, Folx 5000 sshizch FHl F
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Holl s = FLsHA 28313t
Za% seFo] =AHS ICP  (Perkin—Elmer, Optima
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=4 EFYUNU(ICP Multi—element Standard Solution XVI,

Table 2. UPLC condition for determination of caffeine
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100 mg/L, Merck, Germany)< 0.5 N ZAFSF 0,025, 0.1, 1
mg/mL BER S|ASl] AAS ANT The AR BES
Z4sisic,

Benzo[alpyrene 35 -4

Wl za]d BAS Mercedes Sonia Garcia—Falcon S¢] Hf
HE00HS o Wasle] Ageil, Wadd EEe)

(Supelco 48665, 200 mg/L, USA)= acetonitriled ARES}O]
100 pg/LE|EE ZAISE & thA] acetonitrile® 3]43}0] 0.5,
1, 5, 20 pg/L =7} H=E ZXASl2L 0.2 pm membrane
filters oftste] a4l 2hgo] Agalelc

AR AXZE Y Florisil Cartridge (Waters WAT
043385, Sep—pak)~= 12| 74 20 mL, methanol 20 mL
9 n-hexane 20 mLE 2~3 drops/sec EEZ JESA|AH A
S TR, AT &9 AR 20 mlE FHAZ F on-
hexane 40 mLEZ &&A|7It} o] 829 40T 0|3} 484
A HAUEHAIA 1 IFES acetonitriled] Ho] HHE 1
mLZ 3} °]& 0.2 pm membrane filter2 350 A|HE
o= Agea.

BA)7]7]= Waters Acquity UPLCE ©o]&3l¥al E4=24
S Table 31} Zt}

Instrument UPLC Condition
Column BEH Cis (2.1 mm [.d. X100 mm, 1.7 pm)
Mobile phase Acetonitrile : Water (70 : 30)

Flow rate 0.08 mL/min

Column temp. 40T

Detector 280 nm

Injection vol. 1 uL

Table 3. UPLC condition for determination of benzo[a]pyrene

Instrument UPLC Condition
Column HSS T3(2.1 mm [.d. X100 mm, 1.8 pm)
Mobile phase Acetonitrile : Water (80 : 20)
Flow rate 0.05 mL/min
Column temp. 35TCaaz

Detector

Injection vol.

1 uL

Aex at 294 nm, Aem at 404 nm
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Table 4. Difference in caffeine content in sale types
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Mean Range of Content (mg/L)
Cafeteria (15) A-1~15 654.7 540 ~ 766
Franchise Coffee Store (13) B-1~2, C—-1~3, D—-1~4, E-1~4 784.6 604 ~ 970
Selling Ground Coffee (8) F-1, G-1~2, H-1~2, [-1~3 796.9 534 ~ 1,070
Instant Coffee (5) J-1, K-1~2, L-1~2 769.0 604 ~ 851
Table 5. Difference in caffeine content in roasting conditions
Mean Range of Content (mg/L)
Light (7) A-1~2, A-5, D-1~3, K-1 803.1 734 ~ 963
Medium (23) A-3, A-6, A-9, A-11, A-14~15, C-1~3, D—-4, E-1~2, 750.8 540 ~ 1.070
F-1, G-1~2, H-1~2, [-1~3, J-1, L-1~2
Dark (11) A-4, A-7~8, A-10, A-12~13, B-1~2, E-3~4, K-2 668.3 580 ~ 901




Table 6. Difference in caffeine content in producing areas

AR G 54 AT 47

Mean Range of Content (mg/L)
Brazil (3) A-5~7 641.4 540 ~ 734
Colombia (7) A-8, C-1, D-4, E-1, F-1, G-2, -1 763.0 540 ~ 1,070
Ethiopia (5) A-1~4, D-1 713.2 605 ~ 835
Guatemala (4) A-13, C-2, D-3, E-2 829.3 658 ~ 970
Hawaii (2) A-15, -2 756.4 723 ~ 790
Honduras (1) A-9 540.7 -
Indonesia (3) A-10, B-2, E-3 708.8 603 ~ 901
Jamaica (1) -3 829.9 -
Kenya (5) A-11, B-1, C-3, D-2, E-4 712.0 604 ~ 822
Nepal (1) H-1 677.0 -
Peru (1) H-2 692.4 -
Tanzania (1) A-14 697.2 -
blending samples (7)  A-12, G-1, J-1, K-1~2, L-1~2 779.6 604 ~ 1,001
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Table 7. Difference in harmful metals content (mg/L) in sale types

Pb Cd As Cu Cr

Cafeteria (15) A-1~15 0.017 0.002 ND 0.085 0.041
Franchise Coffee Store (13) B-1~2, C-1~3, D—1~4, E-1~4 0.020 0.001 ND 0.318 0.015
Selling Ground Coffee (8) F-1, G-1~2, H-1~2, 1-1~3 0.011 0.001 ND 0.091 0.016
Instant Coffee (5) J-1, K-1~2, L-1~2 0.011 0.001 ND 0.055 0.011
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Table 8. Difference in harmful metals content (mg/L) in roasting conditions

Pb Cd As Cu Cr

Light (7) A-1~2, A-5, D-1-3, K-1 0.015 0.001 ND 0.228 0.013

i A-3, A-6, A-9, A-11, A-14~15, C-1-3, D-4,
Medium (23) 0.017 0.001 ND 0.166 0.036
E-1-2, F-1, G-1~2, H-1~2, [-1~3, J-1, L-1~2

Dark (11)  A-4, A-7~8, A-10, A-12~13, B-1~2, E-3~4, K-2  0.014 0.001 ND 0.092 0.013

Table 9. Difference in harmful metals content (mg/L) in producing areas

oA Ee da Al BAEe teER 7Y Az

Pb Cd As Cu Cr
Brazil (3) A-5~7 0.015 0.001 ND 0.132 0.009
Colombia (7) A-8, C-1, D-4, E-1, F-1, G-2, I-1 0.016 0.001 ND 0.086 0.011
Ethiopia (5) A-1~4, D-1 0.011 0.001 ND 0.076 0.013
Guatemala (4) A-13, C-2, D=3, E-2 0.016 0.001 ND 0.062 0.011
Hawaii (2) A-15, [-2 0.011 0.002 ND 0.085 0.234
Honduras (1) A-9 0.052 0.003 ND 0.096 0.020
Indonesia (3) A-10, B-2, E-3 0.009 0.001 ND 0.043 0.021
Jamaica (1) [-3 ND 0.002 ND 0.141 0.026
Kenya (5) A-11, B-1, C-3, D-2, E-4 0.016 0.001 ND 0.709 0.015
Nepal (1) H-1 0.034 0.001 ND 0.087 0.024
Peru (1) H-2 0.006 0.001 ND 0.068 0.010
Tanzania (1) A-14 0.042 0.002 ND 0.058 0.011
blending samples (7) A-12, G-1, J-1, K-1~2, L-1~2 0.017 0.001 ND 0.070 0.012
# = ojl(Benzolalpyrene) & Hlzagle] AL AE 5 Hxadl BAY (AEoF
ould o g Wz #ll(Benzolalpyrene)2 300~600TAI0] &  EIAA)VO] Qlab- Zake R o] wal AEstgo), A
Z T AR BEAY 589 dA] Holx HEo| Ies&S
YFE L2 4] viH(Roasting)sh= Foll D 7hsAdol o wolaA A FFEXE o8t HAEdH= Mercedes
o] Bk o| 9|k AMAEH(157), AWAE FuF(13  Sonia Garcia—Falcons'”e] H(2004)& °FF W& ate]
oA T3 AnYFE U AR LR} JIAHE AF(5 *Pﬂok““‘ﬁ‘r

W) 5 4 ARE WA /Gt PHOE A0l 1 & & a4 ARe) H NEs AL 0,027 pg/Lelgion]
Zolol o) s Feke ZAslach ND~0.103 pg/L 912 AE4ES tehfglch. Telm A
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Table 10. Difference in benzo[a]pyrene content in sale types
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0.01~0.95 pptov# 2850 A=

Mean

Cafeteria (15) A-1~15

Franchise Coffee Store (13) B-1~2,C-1~3,D-1~4E-1~4

Selling Ground Coffee (8) F-1, G-1~2, H-1~-2, -1~

Instant Coffee (5) J-1, K-1~2, L-1~2

0.056

0.019

0.001

0.005

P?'i %%7} 54.5%
F(AL5%) > HAF
JEH(eful = =3, 0.8%) o

/})H:HJH oz vwsk £ Q=

% 650,000 mg/kgA =5
500,000 mg/kg oAFO R H
.L]ﬂ] Tl PHH 2~3 ppt

¢

05~2.2 pptE opgﬁm o)
SEo| A +ﬂ5} /\Eﬂolﬂ—J Jﬂ% = 9 pglkg B
=2 E_L_E] H} 3
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Range of Content (ug/L)

0.033 ~ 0.103
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Table 11. Difference in benzo[a]pyrene content in producing areas

(PB4 v ol

A . oln]L2-

=

Mean Range of Content (ng/L)
Brazil (3) A-5~7 0.067 0.042 ~ 0.103
Colombia (7) A-8, C-1, D-4, E-1, F-1, G2, I-1 0.014 ND ~ 0.053
Ethiopia (5) A-1~4, D-1 0.049 ND ~ 0.091
Guatemala (4) A-13, C-2, D-3, E-2 0.021 ND ~ 0.050
Hawaii (2) A-15, 1-2 0.034 0.006 ~ 0.061
Honduras(1) A-9 0.045 -
Indonesia (3) A-10, B-2, E-3 0.036 ND ~ 0.056
Jamaica (1) -3 ND -
Kenya (5) A-11, B-1, C-3, D-2, E-4 0.028 ND ~ 0.058
Nepal (1) H-1 ND -
Peru (1) H-2 ND -
Tanzania (1) A-14 0.056 -
blending samples (7) A-12, G-1, J-1, K-1~2, L-1~2 0.010 ND ~ 0.048
Table 12. Difference in benzo[a]pyrene content in roasting conditions
Mean Range of Content (ug/L)
Light (7) A-1~2, A=5, D-1~3, K-1 0.027 ND ~ 0.091
A-3, A-6, A-9, A-11, A-14~15,
Medium (23) C-1~3, D-4, E-1~2, F-1, G-1~2, 0.022 ND ~ 0.103
H-1~2, 1-1~3, J-1, L-1~2
Dark (1) AT ATTTS ATI0 ATIETLS, Bl 0.038 ND ~ 0.058

E-3~4, K-2




2

7P de] SEEA Qe 71EAE] Avlol et feiEd
e 2ARE A8l ol YRR AvPEd 17H4x(157)
oF Ay A 4721370l A #w)
ki, diE F5d= Sl Al AF
AW GRS 236t & 41dE 74,
2 71l fral %%Li? GilES e e, 5—*}3}":“3}

TS Av = ’%EHQP U s Al
AF7iue} e 7‘M”ﬂ JAR 3Z(20 g/300 mL)3lo] 1
SN ofst e Ao Am= ARSIt

Am AR st 7]—:4]01 k2 UPLC/PDA  (Waters,
Acquity UPLC)Z Ay} B4+ 737.6 mg/Le UERY o]
e S Ea Ao} GARE Szom heb,
7]- Aoz 7P ok, AR

siort WA} S71ees sl

[ h=N-1
T =

<874> £l

]
=

a

%324 5%(Pb, Cd, As, Cu,
(Perkin—Elmer, Optima 7000DV)E&
Foligos A, B daee /el 1Y
2 WP A4S 71EA(2.0 me/kg olshol WA Zw|x
we szolsion, AT et ke AFAKIAT g/
Do fARRE AT ol a9 BE AROIA 0%
A gkgten, |(Pp)y} 7F=H(Cd)> et 0.016 mg/Ly}
0,001 mg/Le LRI FURAE, A 9 wuEsE

Cr)oll gt =2 ICP
ol-gsty F=AFEEt

= G AjolZ Holx| Ygkth FECwi: B 0,157
mg/LE UrEfgl As) ARmlg AReld AAoR &

[e)

A2 melow], AEEL AU YrEos

m}r

A AZEch. ® WAES} 2712 WA AR ARES
Holth, 2E(Cr)e] 79 Bt 0.024 mg/Lojglon At

o

1__

o8 ATHEH ARIAA =2 AEAE B, AAHEE
stetojato] 2]al v EEE = oF - ZuAlof Hlal] FHIA Al
BoA AHoR =4 AE= .
W20 (Benzolalpyrene) TS
Acquity UPLC)Z &A% S

UPLC/FLR
A5

(Waters,
Fzol0] Wt o

2 0.027 pg/Lolgler A3 MFE roastingdl= ATHER
ARE7E AFoR wokal, ARERE Hapite], il by

Azl Jujae] 497t AdHoR B ety deu

Sl A% SAE AFREMRelY Ui A o3
AT 12 F P RE 2.0 pg/kg olslelE WY 2 o
A T3] wlElg 4zol9ic)

Sl

4.

10,

11,

R A

3 54 Ay 51
2o 29
1517 9 59, FRY Ao B U FExdd nE
4 EAo 3 A, AEFYFEEA], 20(D), pp
4~19(2007)
8% 9 19, Ay Yo wiAFAF WslEE Fa

sheh/daoll EH??_P A, FAEREElA], 38(2), pp.15
3~158(2006).,

Aol 9] 49], TSl EutE Tl olg Am, F
2}, EAe] 7HEQl Ao B3t A+, Journal of Food
Hygiene and Safety, 5(4), pp.213~218(1990).

wuld 9 691, Al 71TAE F 7]l Sl wEt =
A}, Journal of Food Hygiene and Safety, 16(4), pp.2

95~299(2001),
Ao =

U, oom

= Wizxud B4 Journal of Food
Hygiene and Safety, 23(1), pp.26~30(2008).
WHO A1ZH71E Al8]& No.28 WZIH(BENZO[a]PYRE

NE), 574 A&37H 2 o4l tigh 54 H7H1991).
. AR RERIA, AERaEAY, AE F dxdd 24

HIH(2008).

Al ZolokEE Y, Aokl wizmdl AW SAA

(2009).

Elza S, G. Badolato 2] 6%l, Sistematic Study of

Benzola]Pyrene in Coffee Samples, J. Braz, Chem,
Soc, 17(5), pp.989~993(2006),

Mercedes Sonia Garcia—Falcon 2] 291, Minimal
clean—up and rapid determination of polycyclic
aromatic hydrocarbons in instant coffee, Food

Chemistry, 90, pp.643~647(2005).
olul7g ¢ 191, A AW 24 A & TFe ¥z}, =4
Za}5}5]7], 39(2), pp.228~230(2007).





