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A Study of Roasting Conditions on Benzolalpyrene Content in Coffee Beans
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Abstract

Benzolalpyrene, a polycyclic aromatic hydrocarbon (PAH) whose metabolites are mutagenic and highly carci-
nogenic, is listed as a Group 1 carcinogen by the IARC. In this study, Arabica and Robusta green coffee beans
were roasted under controlled conditions and the formation of benzolalpyrene during the roasting process was
monitored. The concentration of benzolalpyrene in ground coffee and brewed coffee were determined by a HPLC-
fluorescence detector. The limit of detection (LOD) and limit of quantitation (LOQ) of benzo(a)pyrene were 0.03
and 0.09 pg/kg, respectively. Benzolalpyrene was only detected in the dark roast of ground coffee, with a concen-
tration ranging from 0.147~0.757 pg/kg. The content of benzolalpyrene in Ethiopia Mocha Harrar G4 is the

highest (0.757 pg/kg).
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Table 1. Classification of EPA 16PAHs

No. PAHs IARCY IRIS®
1 Naphthalene 2B D
2 Acenaphthylene 2B D
3 Acenaphthene 3 D
4 Fluorene 3 D
5 Phenanthrene 3 D
6 Anthracene 3 D
7 Fluoranthene 3 D
8 Pyrene 3 D
9 Benzo(a)anthracene 2B B2
10 Chrysene 2B B2
11 Benzo(b)fluoranthene 2B B2
12 Benzo(k)fluoranthene 2B B2
13 Benzo(a)pyrene 1 B2
14 Dibenzo(a, hanthracene 2A B2
15 Benzo(g, b )perylene 3 D
16 Indeno(1,2,3-¢,d)pyrene 2B B2

1)Group 1: carcinogenic to human, Group 2A: probably carcino—
genic to human, 2B: possibly carcinogenic to human, Group
3: not classifiable as to its human.

2)Group B2: probable human carcinogen, Group D: not classifi—
able as to human carcinogenicity.



Table 2. Chemical structure and properties of benzolalpyrene

Structure Benzolalpyrene

Structure O e‘g

TUPAC name benzolalpyrene, 1,2-benzopyrene
CAS No. 50-32-8

Molecular formula CooHi2

Molecular weight 252.31

Melting point (°C) 179~179.3

Boiling point (°C) 310~312
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Table 3. The analytical conditions of HPLC

Instrument HPLC condition

Column Zorbax Eclipse XDB-C18, 4.6 X 250 mm

Detector Fluorescence detector Ex=294 nm,
Em=404 nm

Flow rate 1.0 mL/min

Column temp. 32°C

Mobile phase Acetonitrile : Distilled water (80:20)

Injection volume 20 pL
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Table 4. Hunter's color value of roasted coffee by different
roasting condition

Samples L a b
green bean  39.42+0.02°* 0614+0.05" 5.61+0.04
cgh light 30.31£0.00"  4.64+0.03"  3.9940.03"
medium 2753+0.02°  211+0.70% 1.06+0.01°
dark 2657+0.02"  1.06+0.06“ 0.11%0.04
green bean 40.93+001' 1.17+0.04" 7.12+0.01"
ps light 29.99+0.01%F 3.78+0.06" 2.36+0.02°
® medium 28.17+0.01°  1.80£0.01 0.22+0.03°
dark 27.40+0.01°  1.23+£0.087 -0.22+0.00°
green bean  41.03+0.12" 1.72+0.01° 834+0.02
gy lisht 31.95+0.18  529-+008  5.03+0.06
medium 2739+0.01° 1.82+0.09¢ 0.85%0.05°
dark 2651+0.02"  0.82+0.22™ 0.03£0.02°
green bean  50.42+0.01"  0.09+0.03" 9.50+0.01"
R lisht 31714001  457+0.04"  3.84+0.02°
medium 28.39+0.05"  225+0.03% 0.85+0.02
dark 2727+0.01°  1.26+0.02° 0.03+0.04

DCS: Colombia supremo, BS: Brazil Santos No.2, EM: Ethiopia
mocha harrar G4, IR: Indonesia robusta.

YResults were expressed as the average of triplicate samples

~with mean*SD.

YValues with different letters in the same column are signifi-
cantly (p<0.05) different by Duncan’s multiple range test.
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Table 5. Benzolalpyrene content of roasted coffee bean and coffee brew by different roasting condition

Coffee brew (ug/kg)

Ground coffee (ug/kg)

Samples Light roasting Medium roasting Dark roasting Light roasting Medium roasting  Dark roasting
Arabi cs? ND? ND ND ND ND 0.55240.013"
rabica - pg ND ND ND ND ND 0.142+0.007"
Robusta EM ND ND ND ND ND 0.757+0.010°

u R ND ND ND ND ND 0.154+0.007*

YCS: Colombia Supremo, BS: Brazil Santos No.2, EM: Ethiopia mocha harrar G4, IR: Indonesia Robusta.

:Z)ND:not detected.
YValues are mean = standard deviation (n=3).

YValues with different letters in the same column are significantly (p<0.05) different by Duncan’s multiple range test.
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