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ABSTRACT - In this study, we evaluated the content of caffeine, benzo[a]pyrene, lead, and cadmium in coffee drinks
sold at coffee shops in Gwangju, Korea. A total of 114 coffee samples (100 Americano coffees and 14 cold-brew coffees)
were purchased at each of 100 coffee shops including the large (12) and mid-sized (13) franchises and other types of local
coffee shops (75). It was confirmed that the single-serving sizes of coffee drinks were 175 to 460 mL (Americano 220 to
460, cold-blew 175 to 400). The result of the analysis to content of caffeine in coffee drinks to be 0.25 to 1.49 mg/mL, which
is higher than the 0.15 mg/mL standard for ‘high caffeine content beverages’, and based on the single-serving volume, some
coffee drinks were found to exceed the recommended adult caffeine intake of 400 mg/day even if only two cups were con-
sumed. The detection of benzo[a]pyrene (B[a]P) was found to range from not detected (ND) to 55.35 ng/kg. However, there
is currently no standard for B[a]P content in coffee drinks, but it was found to be lower than that of special-purpose foods
(1.0 pg/kg or less), which has the lowest standard among other food types in the food code. As for heavy metals, lead (Pb)
and cadmium (Cd) were confirmed from ND to 29.00 pg/kg and ND to 12.0 pg/kg, respectively, although most samples had
no detectable levels. As a result of this study, caffeine content should be considered when ingesting coffee drinks. Moreover,
labeling of caffeine content on coffee products is needed for the safety of consumers in the future.
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Table 1. The operation conditions of caffeine (HPLC/PDA), benzo[a]pyrene (HPLC/FLD), and hazardous metals (ICP-OES)

Instrument Parameter Operation conditions
Column Capcell Pak C18 (4.6 x 250 mm, 5 pm, Shiseido, Tokyo, Japan)
Mobile phase 20% MeOH containning 1% Acetic acid
HPLC/PDA Wavelength 280 nm
Flow rate 1.0 mL/min
Injection volume 10 uL
Column Supelcosil LC-PAH col.umn '
(25 cm x 4.6 mm, 5 um, Supelco, Oakville, Ontario, Canada)
Column Temp. 35°C
Flow rate 1.0 mL/min
HPLC/FLD Time Acetonitrile H,0
Solvent system =
0-30 min 85% 15%
Injection volume 10 uL
Wavelength (Excitation/Emission) 294/404 nm
RF power (W) 1200
Nebulizer gas flow rate (L/min) 0.75
Auxiliary gas flow rate (L/min) 0.80
ICP-OES Plasma gas flow rate (Imin™) 12.50
Pump speed (rpm) 12
Replicates 3
Wavelength (nm) Pb 220.353, Cd 214.439

Eyela, Japan)Z 40°C ©]3}e] =8 dol|A 7ketsle] &F 2mL
2 FE3IATE GAE 2180 florisil cartridge (500 mg/6 mL)E
dichloromethane 10 mLS} n-hexane 20 mLZ 4313k & &
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(G:D) 15mLE AHZ ESAIZTE A 2 8592 F
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Table 2. Limit of detection (LOD) and limit of quantification (LOQ) of each compound

Analytes LOD Linearity Recovery (%)
Caffeine 0.06 mg/L 0.19 mg/L 1.0000 99.3+1.1
Benzo[a]pyrene 6.5 ng/kg 19.8 ng/kg 0.9995 98.9+2.8
Lead 0.48 ng/kg 1.59 ng/kg 0.9990 98.3+2.8
Cadmium 0.10 pg/kg 0.32 pg/kg 0.9999 95.7+2.1
1) Mean+£S.D.
Table 3. Comparison of caffeine, benzopyrene and hazardous metals in Americano coffee
Compound Caffeine (mg/mL) Benzo[a]pyrene (ng/kg) Lead (ug/kg) Cadmium (pg/kg)
Group Conc." Range Conc. Range Conc. Range Conc. Range
Large franchise ~ 0.49+0.14  0.26-0.75 7.43£424  0.95-16.91  1.00£2.31  ND?-7.00 ND ND
Mid-end franchise  0.50+0.10 0.37-0.67 7.05+2.82 ND-10.84 0.38+0.96 ND-3.00 0.08+0.28 ND-1.00
Local 0.49£0.12 0.25-0.78 11.65£9.78  0.14-5535  3.59+6.88°  ND-29.00 0.29+1.56  ND-12.00
Total 0.49+0.12 0.25-0.78 10.73£9.18  ND-55.35 2.84+6.14 ND-29.00 0.22+1.21 ND-12.00
Compound Caffeine (mg/cup) Benzo[a]pyrene (ng/cup) Lead (ng/cup) Cadmium (pg/cup)
Group Conc. Range Conc. Range Conc. Range Conc. Range
Large franchise 146.02+52.45 72.58-258.53 2.21+1.29 0.29-4.74 0.28+0.65 ND-1.96 ND ND
Mid-end franchise 167.50+41.08 86.89-240.95 2.24+0.84 ND-3.58 0.16+0.42 ND-1.38 0.16+0.42 ND-0.29
Local 143.84+37.27 73.55-242.54 3.43+£2.79  0.04-15.22  1.07+2.04 ND-8.37 0.10+0.58 ND-4.74
Total 147.17+40.14 72.58-258.53  3.18+2.59 ND-15.22 0.85+1.82 ND-8.37 0.07+0.45 ND-4.74

" Conc.: average concentration.
2 ND: not detected (Under LOQ value).

Data were analysed by independent samples t-test. All concentration are expressed as mean+SD (standard deviation).

Results and Discussion
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Fig. 1. Comparison of caffeine (A), benzo[a]pyrene (B), lead (C) and cadmium (D) content in coffee drinks by coffee shop group. Each
bar represents the mean+SD of groups contents, and data were analysed by independent samples t-test. The asterisk marks a significant in
difference between Americano and Cold-brew at the level of P<0.05.

Table 4. Comparison of caffeine, benzopyrene and hazardous metals in Cold-brew coffee

Compound Caffeine (mg/mL) Benzo[a]pyrene (ng/kg) Lead (ng/kg) Cadmium (pg/kg)

Group Conc.” Range Conc. Range Conc. Range Conc. Range
Large franchise 0.75+0.22 0.48-1.12 10.09+6.66  2.91-24.83 ND ND ND ND
Mid-end franchise  0.79+0.47 0.43-1.49 7.79£6.76  0.55-16.44 ND ND ND ND
Total 0.76+0.29 0.43-1.49 9.43£6.51  0.55-24.83 ND ND ND ND
Compound Caffeine (mg/cup) Benzo[a]pyrene (ng/cup) Lead (pg/cup) Cadmium (pg/cup)

Group Conc. Range Conc. Range Conc. Range Conc. Range
Large franchise 166.89+46.12 106.15-260.82 2.30+1.53 0.67-5.46 ND ND ND ND
Mid-end franchise 187.70+71.33 125.34-290.18 1.65+1.27 0.22-3.29 ND ND ND ND
Total 172.84+52.36 106.15-290.18 2.11+1.44 0.22-5.46 ND ND ND ND

1) Conc.: Concentration.
Data were analysed by independent samples t-test. All concentration are expressed as mean+SD (standard deviation).
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Fig. 2. Comparison of caffeine (A), benzo[a]pyrene (B), lead (C)
and cadmium (D) content in coffee drinks between Americano
and Cold-brew. Each bar represents the mean+SD of groups con-
tents, and data were analysed by independent samples t-test. The
asterisk marks a significant in difference between Americano and
Cold-brew at the level of P<0.05.
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Zo5 U 2N

FFAS Ay AEHAA = e olEl7he A
Al 10070 5 3770914 H(Pb) = FF=E(Cd)o]l HEH
Atk TEE THEZEE dol 33, 7t=F°] /7t A&
HAAL, G 7= BT HAEE A2 1Y HA W o]
Atk ARHEL 258 A AA T IS 16.7%, +
B2 154% 283 A AFAEH S 38.7%04 Hol
AEHAL, 7tEg2 S E4AE, 53834 A9 A9

3|

f

T AZHA AT (Table 4), ol 535 A= v
o2 dhfEo] 9, AVSEIF HE A= Wl 2]
7 Aol FEFE Rl Ao AZE

AEH Fo] e = FJAA Z+2F 1.00£2.31 pg/
kg3l 0.38+0.96 pg/kgo 2 A E oL}, X AvHEH
oA 3.59+6.88 pg/kgS 2 Blgo] Mol HAne
=3 X5 2 A9 AFAEHNA < evll7tEF 24
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34 AFE 7IE 3 40 A" AYe I 7E
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513 AF#H(cup) o= AXYE o FHd o] 14.55 ny
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OJFERIAA 7S 2HsH He FEoldth Y %
Y ZAAfo|zRETE A AFHZH] opH|E] 7kl A
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