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Abstract The aim of this research was to establish the
effect of mild roasting on coffee beans contamination level
by polycyclic aromatic hydrocarbons (PAHs). The mate-
rials investigated were green Arabica and Robusta coffee
beans imported from different countries, as well as those
already roasted. The experiment was carried out in a cof-
fee-roasting plant, with the use of an electric coffee roaster,
at the temperature of 125-135 °C for 25-26 min. PAHs
analysis was conducted by means of high-performance
liquid chromatography with fluorescence and diode array
detectors (HPLC-FLD/DAD). Results had been verified by
means of gas chromatography with mass spectrometry.
Contamination level for 19 PAHs, 15 of which were heavy
PAHs included on the list of European Union Scientific
Committee in Food, varied from 4.29 to 16.17 pg/kg in
roasted coffee beans, whereas in green coffee beans varied
from 8.66 to 76.63 pg/kg. The results of statistical analysis
showed that the contamination level in roasted coffee beans
was significantly lower than that in green beans. The
applied parameters of roasting did not lead to the occur-
rence of conditions in which PAHs, especially heavy ones,
would possibly be formed. On the contrary, the roasting
process itself had significantly reduced the PAHs content in
the final product. The reason for this phenomenon was
relatively high volatility of light PAHs.
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Introduction

Polycyclic aromatic hydrocarbons (PAHs) are toxic com-
pounds of various structure existing commonly in the
natural environment. They originate from the incomplete
combustion of organic matter. PAHs can be divided into
light and heavy, depending on the number of aromatic
rings in the molecule. Heavy PAHs are considerably more
toxic than light ones (EFSA 2008; Murkovic et al. 2018;
Singh et al. 2016).

In 2002, the European Commission’s Scientific Com-
mittee on Food (SCF) ruled that 15 PAHs are genotoxic
carcinogens (SCF 2002). As stated in the European Union
Commission Recommendation from 4 February 2005,
further scientific investigation of these PAHs content in
foodstuffs is required (Commission of the European
Communities 2005). Subsequently, in 2008 European Food
Safety Authority (EFSA) stated that 4 heavy, specific
marker PAHs (benzo[a]pyrene (B[a]P), benzo[a]anthracene
(B[a]A), benzo[b]fluoranthene (B[b]F) and chrysene (Chr))
are the most suitable indicators of foodstuffs PAHs content,
and therefore their presence in food should be monitored.
The same was stated in Commission Regulation (EU) No.
835/2011 (Commission of the European Communities
2011a; EFSA 2008).

PAHs have been detected in soil, sediments, water and
air (Hong et al. 2016; Tomaz et al. 2017), as well as in
foodstuffs (Ciecierska and Obiedzinski 2013b; Murkovic
et al. 2018; Singh et al. 2016; Surma et al. 2018). Food
contamination with PAHs may both be a result of general
environment pollution, heat processing during food pro-
duction and its preparation for consumption. Especially
roasting, smoking, grilling and direct drying favour PAHs
formation (Chung et al. 2011; SCF 2002; Singh et al.
2016). The PAHs contamination level in a given product
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depends on many factors, such as this product’s distance
from heat source, fuel used for heating, level of product
processing, cooking duration (Singh et al. 2016).

Foodstuffs with high fat content are especially vulner-
able to PAHs contamination. The reason for this is fat
being a carrier of hydrophobic PAHs. Coffee beans usually
contain from 10 to 17% of fat and may become environ-
mentally contaminated with PAHs. However, in this case,
drying and roasting process is probably the main source of
PAHs contamination (Guatemala-Morales et al. 2016;
Houessou et al. 2008; Pissinatti et al. 2015). Coffee
roasting conditions, such as time and temperature, are to be
controlled so that PAHs formation may be reduced or at
least minimised. Therefore, the above-mentioned condi-
tions are crucial factors in PAHs formation (Guatemala-
Morales et al. 2016; Houessou et al. 2007; Stanciu et al.
2008).

The chemical contaminants content levels in food,
including PAHs levels, should be consistent with the
ALARA (“As Low As Reasonably Achievable”) rule.
Since natural gas-powered roasters emitting relatively high
temperature are generally used in coffee roasting on a mass
scale, the use of electric coffee roaster, emitting unusually
low roasting temperature may prove beneficial. Unfortu-
nately, the majority of publications dealing with PAHs
occurrence in coffee do not describe the effect of mild
roasting on coffee contamination with above-mentioned
substances. Therefore, the main aim of this research was to
assess the effect of mild roasting conditions on coffee
beans PAHs contamination level. The study included PAHs
determination with the use of HPLC-FLD/DAD method.
Arabica and Robusta coffee beans of different origins and
different state: both green and roasted in an electric coffee
roaster were examined. During previous studies concerning
PAHs occurrence in food, it was established that 4 light
PAHs, known as phenanthrene (Phen), anthracene (Anthr),
fluoranthene (F) and pyrene (Pyr), had always been con-
sidered dominant in PAHs qualitative profiles (Ciecierska
and Obiedzinski 2010; Murkovic et al. 2018). Therefore,
apart from 15 heavy PAHs, which were listed to be mon-
itored by the SCF, also the above-mentioned 4 light PAHs
listed by the United States Environmental Protection
Agency (US EPA) were determined in analysed coffee
samples. Particular attention was also paid to 4 heavy and
marker PAHs content evaluation.

Material and methods
Samples

The materials investigated were green beans of Coffea
Arabica L. and Coffea canephora (“Coffea robusta™)
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imported from different countries, as well as their roasted
equivalents. The countries of import were, in case of
Arabica coffee beans, Brazil, Colombia, Cuba, Ethiopia,
Indonesia, Kenya, Peru and Tanzania, and in case of
Robusta coffee beans—Cameroon, India, Indonesia, Ivory
Coast, Thailand, Uganda, Vietnam and Zaire. The analysed
coffee brands intentionally were not revealed. Nine sam-
ples of every coffee beans (including three various coffee
batches) were studied.

Coffee roasting

Green coffee beans (three 2 kg batches) had been roasted
for 25-26 min. at the temperature ranging from 125 to
135 °C with the use of an electric coffee roaster, brand
Toper Electric TKMSX-3-E (Halifax, United Kingdom).
The process took place in one of Warsaw coffee-roasting
plants. The conditions used for the research had been tested
for some time in the above-mentioned coffee-roasting
plant. Coffee roasted in the way mentioned turned out to be
appreciated by consumers, who would praise it for its smell
and taste.

Chemicals and materials

Solvents of an analytical grade for residue analysis (HPLC
gradient grade) used in the research: cyclohexane, ethyl
acetate, hexane, acetone, and acetonitrile, as well as
anhydrous sodium sulphate (> 99.0% of analytical purity),
had been purchased from POCH (Gliwice, Poland).
Deionized water had been obtained from a water purifica-
tion device (Millipore Milli-Q). Polytetrafluoroethylene
(PTFE) philtres (25 mm i.d., 1 um pore size) had been
provided by Bio Analytic company (Gdansk, Poland).

Two standard PAHs mixtures: PAH-Mix 183 and PAH-
Mix 9 (Dr Ehrenstorfer, 10 ng/pl, in acetonitrile) had been
provided by Witko company (£.6dz, Poland). PAH-Mix
183 includes 15 compounds listed by the SCF: cyclo-
penta[c,d]pyrene (C[cd]P), B[a]A, Chr, 5-metylchrysene
(5-MChr), benzo[j]fluoranthene (B[j1F), B[b]F,
benzo[k]fluoranthene (B[k]F), B[a]P, dibenzo[a,h]an-
thracene (D[ah]A), benzo[gh,i]perylene (B[ghi]P), inde-
no[c,d]pyrene  (I[cd]P), dibenzo[a,l]pyrene (D[al]P),
dibenzo[a,e]pyrene (D[ae]P), dibenzol[a,i]pyrene (D[ai]P)
and dibenzo[a,h]pyrene (D[ah]P). PAH-Mix 9 consists of
16 PAHs from the US EPA list. This particular mixture had
been used only for the analysis of 4 light PAHs: Phen,
Anthr, F and Pyr.

Extraction and clean-up

Extraction, as well as purification procedure, was carried
out with the use of the method described by Ciecierska and
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Obiedzinski (2013a), although some modifications to the
sample weight and an additional purification step, in which
silica gel column was used, were added. To sum up with,
homogenised and ground 7.5 g sample of coffee beans,
dried with anhydrous sodium sulphate, was placed in an
Erlenmeyer flask with 50 ml of hexane/acetone (60:40,
v/v) into an ultrasonic bath for 30 min. The solution was
then filtered and evaporated in a rotary vacuum evaporator
(Biichi No. 141,397 brand, Flawil, Switzerland). Subse-
quently, evaporated solution was dissolved in 0.5 ml of
cyclohexane, subjected to clean-up on silica gel column
and eluted by cyclohexane. The first 10 ml of an eluate was
discarded and subsequent 75 ml was collected, concen-
trated and dissolved in 5 ml of cyclohexane/ethyl acetate
(50:50, v/v). The obtained extract was then filtered with the
use of PTFE philtre.

A purification procedure also described by Ciecierska
and Obiedzinski (2013a) was carried out in order to isolate
PAHs. Size exclusion chromatography (SEC) on TSK Gel
GI000HXL column (300 x 7.8 mm, 5 pm, Polygen
company, Gliwice, Poland) was applied. The extract puri-
fied in this way was dissolved in acetonitrile after solvent
evaporation. Subsequently, it underwent chromatographic
analysis.

HPLC-FLD/DAD analysis

PAHs determination was carried out with the use of Shi-
madzu HPLC system, that is with the use of liquid chro-
matograph  LC-10ATVP and selective detectors:
fluorescence detector RF-10AXL and diode array detector
SPD-M10AVP. Column BAKERBOND PAH-16 Plus
(Baker brand, 250 x 3 mm, 5 um) supplied by Witko
company (£.6dz, Poland) was used for PAHs separations.
Details of the chromatographic analysis together with the
analysed compounds detection conditions had been
described by Ciecierska and Obiedzinski (2013a). Briefly, a
gradient method, in which 0.5 ml/min flow rate of ace-
tonitrile/water (50:50) and acetonitrile, was used for elu-
tion. The following fluorescence detection parameters were
applied in order to detect particular PAHs: 256/370 nm,
270/420 nm, 270/500 nm, 270/470 nm (excitation/ emis-
sion wavelengths). The diode array detector working at
254 nm was used to detect only one compound—C[cd]P,
which does not fluoresce in a natural way.

Quantification and validation of method

An external standard method with the use of two previ-
ously described PAHs mixtures (PAH-Mix 183 and PAH-
Mix 9, Dr Ehrenstorfer brand) was applied to qualitative
and quantitative PAHs analysis. Six standard solutions of
different concentration (from 1 to 50 pg/l) were prepared

on the basis of the above-mentioned standard mixtures in
order to calibrate and validate the method. The calibration
curves for all 19 PAHSs, their correlation coefficients (rz), as
well as method linearity range, are shown in Table 1. The
linearity of the method was proven for almost all com-
pounds within the range of analysed concentrations.

Both the limit of detection check and the limit of
quantification check (LOD and LOQ check), as well as
recovery experiments, were conducted in order to validate
the method. LOD and LOQ for all analysed PAHs are
shown in Table 1. For recovery experiments, samples of
roasted Arabica coffee from Brazil were fortified (spiked)
at three concentration levels of PAHs standard mixtures,
and these levels were 1, 10 and 50 pg/kg. All samples, both
those fortified and those unfortified, were analysed thrice.
The values of the mean recovery, as well as the relative
standard deviation (RSD) and the HORRAT} values (used
as a measure of the method precision) for three-level for-
tification, all calculated in accordance with Commission
Regulation (EU) No. 836/2011 (Commission of the Euro-
pean Communities 2011b), are also shown in Table 1.

Results confirmation by GC/MS

The results obtained by HPLC-FLD/DAD method were
confirmed with the use of gas chromatography with mass
spectrometry (GC/MS) in accordance with the method
described by Ciecierska and Obiedzinski (2013a).

Statistical analysis

Statistica 10.0 programme was used to carry out statistical
analysis of the data obtained. The significance of the dif-
ferences in the mean content of 19 PAHs, 4 light and 4
heavy and marker PAHs, between green and roasted coffee
beans, was proven by the use of multiple comparisons
analysis and Tukey’s test, at significance level o = 0.05.

Results and discussion

The performance parameters obtained (including LOD,
LOQ, HORRATY R values and recovery) showed that HPLC-
FLD/DAD method meets requirements of Commission
Regulation (EU) No. 836/2011 referring to the methods of
4 marker PAHs analysis in food. Also, for the remaining
compounds, such as 4 light PAHs listed by EPA and
remaining PAHs from the SCF list, satisfactory results of
the method performance were stated (Table 1). The chro-
matograms of the 15 analysed PAHs appearing on the SCF
list and 16 PAHs described by US EPA, as well as one of
roasted Arabica coffee, are shown in Fig. 1.
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Table 1 The HPLC-FLD/DAD method performance for the PAHs analysis in roasted Arabica coffee (Brazil)

PAH Linearity range Calibration curve® Correlation LOD LOQ Recovery” RSD" HORRATg
(ng/h coefficient r? (ng/kg) (ng/kg) (%) (%) value®
Phen 1-50 y = 149,144x + 31,879 0.9998 0.06 0.11 71.9 9.5 0.8
Anthr 1-50 y = 117,707x + 4272.1 0.9999 0.07 0.14 73.0 9.0 0.7
F 1-50 y = 18,392x — 2547 0.9999 0.13 0.26 85.0 8.8 0.7
Pyr 1-50 y = 88,196x + 1193.6 0.9998 0.08 0.16 86.5 8.9 0.7
Clcd]P 2-50 y = 122.78x 4 14.9 0.9993 0.47 0.94 110.0 79 0.7
B[a]A 1-50 y = 159,530x — 45,297 0.9997 0.05 0.10 86.4 5.1 0.4
Chr 1-50 y =51,379x — 13,012 0.9996 0.08 0.16 84.5 5.4 0.4
5-MChr 1-50 y = 97,566x — 6394.4 0.9999 0.07 0.15 84.6 6.3 0.5
B[jIF 2-50 y = 1600.7x 4 196.91 0.9997 0.32 0.64 82.4 6.7 0.6
B[b]F 1-50 y =78,977x — 22,630 0.9998 0.10 0.20 80.1 4.6 0.4
B[k]F 1-50 y =78,142x — 4724.2 0.9997 0.10 0.19 81.3 5.8 0.5
B[a]P 1-50 y = 35,742x — 8979.4 0.9999 0.12 0.24 83.5 6.0 0.5
D[ah]A 1-50 y = 39,684x — 8533 0.9997 0.13 0.26 77.0 6.7 0.6
Dlal]P 2-50 y = 359.96x — 154.23 0.9995 0.30 0.60 774 7.7 0.6
B[ghi]P 1-50 y = 14,600x — 5088.6 0.9997 0.15 0.30 85.8 7.0 0.6
I[cd]P 1-50 y = 12,337x — 839.5 0.9997 0.28 0.56 81.9 7.6 0.6
Dl[ae]P 1-50 y = 8144.2x + 456.41 0.9997 0.29 0.59 83.1 73 0.6
Dlai]P 1-50 y = 226,619x — 96,869 0.9997 0.13 0.25 85.5 72 0.6
Dl[ah]P 1-50 y = 172,110x — 68,308 0.9997 0.16 0.33 76.6 79 0.7

dy—peak area, x—concentration (pug/1);

"Mean values of recovery, RSD and HORRATYy, of three different levels of sample fortification
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Fig. 1 Chromatograms of the analysed PAHs in: a 15 PAHs listed by SCF (PAH-Mix 183, Dr. Ehrenstorfer, 10 pg/ul) and 16 US EPA PAHs
(PAH-Mix 9, Dr. Ehrenstorfer, 10 pg/pl) and b the roasted Arabica coffee (Brazil)

Results of the mean PAHs content examination, = PAHs) in examined green Arabica and Robusta coffee

regarding the content of both particular compounds and a  beans of different place of origin and their roasted equiv-
sum of the 19 PAHs (of which 4 light, 4 heavy and marker  alents are shown in Tables 2 and 3. After having compared

@ Springer



741

J Food Sci Technol (February 2019) 56(2):737-745

{[PAJ[ GO'0 = © Je sueaw

U22M10Q SOUAIRFITP JUBOYTUSTS AT[EOTISIEIS 21edIPUT SHYJ AARAY § 10 SHYJ WS  ‘SHYJ 61 JO WINS JO SaN[eA UBAW o) MO[aq (Uostredurod ouo Surueaur) Ioquinu dures o) Aq S10139] JUIII(,,

Pa19919p 10U pu,,

so[dwres pasA[eue jo Aue ut pajoalap jou arem J(yeld ‘dlreld ‘dleeld ‘dlpal1 ‘d[wslg ‘dlrela ‘viueld ‘dleld dlfld ‘dlpolo

(dlelg alalg ‘WD ‘veld)

p2al00 F 990 ,wSE0 F S9T 600 F 90  ,I10 F 880 910 F 80  zeVCOF CIT  (2IT0 F €01z 620 F OF1 SHVd Aaedy ¢ X

010560 F 6€°L  oul6S FOLLS  ¢qI¥'T FISTL  ¢pl0V FTOEE  1qh80 F 6FL  4v86'S F €59 ¢1alV'0 F STY  ¢oST'S F T¥'Sy  (IKd A ‘Tpuy ‘udyd) sHVd WS + X

gql60 F SO8 819 F 0965 a6V T FOTEL 0L FOO6EE  ¢q660 F LIS 4019 F SOLS 4690 F LSS  &SS'S F C¢E'Ly SHVd 61 X

pu pu pu pu pu pu €00 F ¥1°0 S0°0 F ST0 dAbilg

pu ¥0'0 F STO pu pu pu S0°0 F 61°0 00 F LT°0 800 F 620 dlalg

pu Y00 F 61°0 pu pu pu pu 00 F ST°0 90°0 F ST0 TYDN-S

€00 F T€0 81'0 F ¥L°0 Y00 F 1#°0 LO0 F SS°0 600 F 8€°0 110 F 250 90°0 F IS0 91'0 F 19°0 liig)

Y00 F ¥€0 SI'0 F 990 SO0 F €20 00 F €€°0 800 F 0€°0 600 F 10 110 F S€0 ¥00 F 050 vield

600 F 660 ¥S°0 F S99 TEO0F ELT SE'0 F se¢ 910 FOI'T 080 F L6'S 010 F 660 S9°0 F S6't 14

I1°0 F $S°1 W F Syl SE0 F L€ €50 F OVt STOF €91 10T F STl LTOFOI'T 60T F S8°01 d

010 F LT'1 9’0 F 08'% 80°0 F 990 €00 F L8] 9I'0 F +¥'1 SI'0 F 95+ 200 F 910 020 F STl Ipuy

S9°0 F 8S°¢ SSEF LLIE 990 F 0S°S SI'E F Ot'ee It'0 F Te€ €0v F SSHE 0T0 F S6'1 1T¢ F LEST uoyq
paiseoy UID) paiseoy Ud2ID) paiseoy UdID) paiseoy UAID)

eruezueq, nrd eAU9y[ rIsauopuy HVd

(dlelg ‘alalg ‘wD ‘vleld)

0910 F TEO0  (0TO0 FILO  ulTOFHEOQ w600 F 670 010 F TS0 gl TOF VL0 ,TTOF 8E0 ;2800 F #S°0 SHVd AAedy ¢ X

210850 F 60°S 1 oSLY F SEVY (170 F S6E [ 1cC80 F LIS  gl60 FOV6  006T F 61'8T  (oLV'0 F 097 €60 F S8  (Ad ‘A “Ipuy ‘udyd) SHVd WS ¢ X

pqa€90 FIFS V67 FOOSH  OV0F 6TF 880 F 998 4660 FT66  I16TF €68  (qISOF 8T  .L60 F 906 SHVd 61 X

pu pu pu pu pu pu pu pu dblg

pu €00 F ¥1°0 pu pu pu pu pu pu dlalg

pu pu pu pu pu pu pu PU TYDN-S

010 F 810 TI'0 F 20 SO0 F91°0 LO0 F €20 900 F LTO 900 F 6£°0 900 F LI'0 00 F 920 Uiig)

LOO F ¥1°0 010 F ST0 90°0 F 81°0 €00 F 920 00 F ST0 S0°0 F S€0 S0°0 F 120 S0°0 F 8T0 vielg

800 F 10'1 6v'0 F LY 800 F 660 610 F LI'T Y0 FTCT €0 F LTE 10 F €Il €10 F €T'1 14

010 F STl S9°0 F 01’9 110 F 201 910 F ¢e'l €00 F S0C 0 F 9¥'¢ 81'0 F S¢€'1 TTO F 0S'I E|

S0°0 F 9t°0 0T0 F STl 700 F 19°0 LO0 F S6°0 600 F SLO STOF IIC €0°0 F SS°0 S0'0 F 080 Ipuy

SE0 F LET It'¢ F 96'1¢€ 0T0 F ¢€'1 SSOF ELY €0 F 8¢t €6'1 F St6l ¥YT0 F LS'T 790 F 66 uoyq
paiseoy UudIn) paiseoy U210 paiseoy Ud2I0D) paiseoy UudIn)

erdorpyg eqn) LIQUIO[OD) [1ze1g HVd

(3y/31) SIUNOD JUAIJJIP WIOIJ PIALIOP $9JJOO BIIQEIY PIISLOI PUB UIS Ul SHYJ JO JUAJUOD UL ¢ d[qe]

pringer

A



J Food Sci Technol (February 2019) 56(2):737-745

742

{[PAJ[ GO'0 = © Je sueaw
U99M12q QOUIRHIP JUBOYIUSIS A[[eonsne)s Aedipul SHYd AAeay 4 10 SHVJ S + ‘SHVJ 6] JO Wns Jo sanjea ueaw Yy} mo[oq (uostredwod duo Jurueawr) Joquinu dwes Y3 £q s10139] WIS,

Pa19919p 10U pu,,

so[dwres pasAeue jo Aue ut pa)oaldp jou arom J[yelq ‘dlreld ‘dleeld ‘dlpal1 ‘d[slg ‘dlreld ‘viueld ‘dleld dlxld ‘Alflldg ‘d[po]o

+z060°0 F 870 wolT0 F 690 800 F CE0 7900 F TH0 2z¢80°0 F 80 22600 F 190 2L0°0 F TS0 1zeC1'0 F 89°0 (dlelg ‘dlalg ‘wDd ‘v[ela)

SHVd Aaedy ¢ X

0180 T F 196 lTE F8ITE  1q€80 F SH'S  (l0T FOIT6  qPTT FSSOT  ,oISE€F S69T  (ql0T FT06 o6 F 910 (14g ‘4

‘auy ‘uayd) sHVJ W3 + X

g9T'T F TI°01 88 F LETE 1980 F LL'S L0'T F 896 oq€ET F €0°TT oePS'€ F 9S°LT 0T F +5°6 «87°¢ F ¥8°0¢ SHVd 61 X

pu pu pu pu pu pu pu pu dlalg

pu pu pu pu pu pu pu pu TYDIN-S

S0'0 F 920 S0'0 F 0£°0 €00 F LI'O Y00 F ST0 €00 F €20 €0°0 F 820 €00 F STO 80°0 F €£°0 hitje)

Y00 F TT0 LO0 F 6£°0 S0'0 F S1°0 00 F LIO 90°0 F ST0 90°0 F ££°0 ¥0'0 F LTO 90°0 F S€0 vield

810 F 121 €T0 F 9v'C YO F LT SE0F 6L'1 TTO F €CT 8T0 F 01'C SI'0 F 201 TEO0F I€T 14

0T0 F oLl 79'0 F 8¢9 TTOF 61T €€°0 F 081 90 F 79°1 SS0 F ¥t'S 120 F ST L9°0 F 88°S E|

90°0 F S¥°0 TI0 F +6°1 200 F 910 01°0 F TS0 €0°0 F 91°0 81°0 F $8°0 SO0 F LSO 170 F €I'C Ipuy

¥9°0 F TT9 0£'T F 06°0C LEO F €6T 860 F ST'S SLOF L 0S'C F 9581 09'0 F 68°S S6'T F 61 uayd
paiseoy UdID) paiseoy UdID) paiseoy U210 paiseoy UID)

a1reZ WeURIA epues() puefrey, HVd

o0wCC0 F L8O (€70 F TT1 crel 10 F TS0 el T0 F 850 el 10 F TS0 ge000 FOLO ;P TOF €L°0  ,10CC0 F T'T (dlelg ‘dlalg ‘WD ‘viela)

SHVd £Aeoy ¢ X

2108 T FOEST bl L FOUSL ;oS80 F 8L [ w61'S FILLY  olL'T F €TST  (ulTE€ FOLYC  (L60 F 9S8  ,08°S F 61°9S (1Kd ‘4

‘apuy ‘usyd) SHVd WSY ¥ X

wqP 1T F LTOI #wOT8 F €99L  (S60 F LS8 809 FTS8F  ,qL8'1 F SLSI 208€ FOVST (90T F 626 109 F 9¢°8¢ SHVd 61 X

01'0 F 920 $1°0 F 0£°0 pu pu pu pu pu €0°0 F LI°O dlalg

pu 80°0 F 2T0 00 F LT°0 110 F €20 pu pu pu ¥0°0 F ST0 TYDIN-G

80°0 F 870 81°0 F TS0 600 F LTO €10 F 920 90°0 F LTO 80°0 F LEO 80°0 F 6£°0 010 F SL0 bitjg)

¥1°0 F €€°0 ¥1°0 F 0¥°0 01°0 F $T0 SI'0 F €0 S0°0 F ST 100 F 6£°0 90°0 F ¥£°0 80°0 F 050 vield

€0 F 6T1 88T F €¢'LI €T0F 1 790 F 8S°S LTOF 11T 970 F L6T 600 F SO'T 790 F0I'8 14

SE0 F LT 66’1 F 08'81 LTO F 65T 10T F LTOT €0 F €5T W0 F SSY €0 F +9°1 ST F Tl E|

SI'0 F 68°0 SS°0 F 159 €0°0 F LTO SE0 F 99'1 STOF 91’1 Y0 F 61T TI0F €71 ¥S'0 F vS°S Ipuy

0T'T F SH11 SE F SsTe €60 F 09°¢ STE F 0T0€ €60 F ¢t'6 0€T F 6671 90 F v¥v It'¢ F €£°0€ udyd
paiseoy Ud2ID) paiseoy U210 paiseoy UudIn) paiseoy UudaID)

JSB0D) AIOA] BISQUOPU] eIpUL uooIwe) HVd

(3y/31) sIIUNOD JUSIAJJIP WIOIJ PAALIOP $9JJOO BISNQOY PIISLOI puB UAIT UT

SHVd JO JU9JU0d UBSJA € dqEL

pringer

A's



J Food Sci Technol (February 2019) 56(2):737-745

743

the results from HPLC-FLD/DAD method and GC/MS
method, the researchers noticed that the differences
between these two methods are not statistically significant
for all products which had undergone examination.

The qualitative profiles of PAHs in green coffee beans,
as well as in their roasted equivalents, were similar. First of
all, all the profiles showed relatively high content of 4 light
PAHs. In green Arabica coffee beans, the light PAHs
constituted from 94 to 98% of all analysed PAHs content,
whereas in the roasted ones from 76 to 95%. In case of
green Robusta coffee beans light PAHs constituted from 96
to 98% of all PAHs content, while in the roasted beans this
value remained within the range of 92-97%. Two com-
pounds from the group of 15 heavy PAHs, such as B[a]A
and Chr, were detected in all examined coffee beans. Also
5-MChr, B[b]F and B[Kk]F were noticed in some samples.
The rest of heavy PAHs (B[j]F, B[a]P, D[ah]A, B[ghi]P,
I[cd]P and the most toxic dibenzopyrenes) were not
detected both in green and in roasted coffee beans. It was
therefore confirmed that heavy PAHs, genotoxic, muta-
genic and carcinogenic properties of which have been
stated, constituted low (from 2 to 24%) percentage of the
total PAHs content in analysed coffee beans. Furthermore,
in the majority of samples, 4 marker PAHs (B[a]P, B[a]A,
B[bJF and Chr) constituted between 2 and 18% of all
examined PAHs.

As the statistical analysis showed, significant differences
in the total 19 PAHs content were stated between indi-
vidual coffee beans originating from different countries,
both for green and roasted coffee beans. In case of green
Arabica coffee beans the highest level of PAHs contami-
nation in the field of statistical significance was observed in
coffee beans from Tanzania and Kenya—respectively
59.60 and 57.65 pg/kg. However, the lowest level of 19
PAHs content was detected in Arabica coffee beans orig-
inating from Cuba and Brazil. This PAHs contamination
level was, respectively, 8.66 pg/kg and 9.06 pg/kg. Among
roasted Arabica coffee beans the statistically significant,
highest level of 19 PAHs contamination was detected in
coffee beans from Peru (13.20 pg/kg), while the lowest
contamination level was observed in coffee beans from
Cuba (4.29 ng/kg).

In the group of green Robusta coffee beans, statisti-
cally the highest level of 19 PAHs contamination was
determined in coffee from Ivory Coast (76.63 ng/kg). The
lowest level of total PAHs content was noted in coffee
beans from Vietnam (9.68 pg/kg). After roasting statisti-
cally the highest level of total PAHs contamination was
observed in coffee beans from Ivory Coast (analogous to
the one noticed in green coffee beans) and India (re-
spectively 16.17 pg/kg and 15.75 pg/kg). Contrarily, the
lowest 19 PAHs concentration level was detected in

coffee from Vietnam—5.77 pg/kg (as in green coffee
beans).

As far as the essential aim of this research is concerned,
the results obtained confirmed the influence of mild
roasting on the PAHs contamination level in analysed
coffee beans. In case of both Arabica and Robusta coffee,
lower levels of total PAHs content in the field of statistical
significance were detected in roasted coffee beans, not their
raw equivalents.

As a result of the applied roasting process, even more
than sevenfold and eightfold decrease in the 19 PAHs
content level was observed in Arabica coffee beans from
Indonesia (from 47.32 to 5.57 pg/kg), Ethiopia (from 45.06
to 5.41 pg/kg), Tanzania (from 59.60 to 8.05 pg/kg) and
Kenya (from 57.65 to 8.17 ng/kg). However, the lowest but
still statistically significant decrease in 19 PAHs content
(about twice and thrice) was noticed in coffee beans from
Brazil (from 9.06 to 4.98 png/kg), Cuba (from 8.66 to
4.29 ng/kg), Colombia (from 28.93 to 9.92 pg/kg) and
Peru (from 33.90 to 13.20 ng/kg).

After the roasting of Robusta coffee beans, about sixfold
decrease in the total 19 PAHs content was observed in
coffee beans from Cameroon (from 58.36 to 9.29 ng/kg)
and Indonesia (from 48.52 to 8.57 ng/kg). For other roas-
ted Robusta coffee beans, the total PAHs contamination
level was reduced from fivefold to 1.6-fold in comparison
with their green equivalents.

It was also statistically confirmed that the decrease of
the total 19 PAHs content on dry matter of the coffee beans
as a consequence of the roasting is even more statistically
significant than that stated above (for the product). Fur-
thermore, after the roasting statistically significant, 4 light
PAHs content reduction was also confirmed for every
sample analysed. The reason for this research result may be
relatively high volatility of light PAHs occurring during the
roasting process applied. However, after the roasting pro-
cess, reduction of the sum of 4 marker and heavy PAHs
was not statistically significant in the vast majority of
samples (88%). Moreover, the level of 4 marker and heavy
PAHs contamination of analysed Arabica and Robusta
coffee beans was relatively low especially in the roasted
coffee beans, where it varied from 0.32 to 1.03 pg/kg. The
level of 4 heavy PAHs content in raw coffee beans was in
the range of 0.42-1.65 pg/kg.

According to other researchers, the B[a]P content for
roasted coffee beans remained within the range of
0.10-0.51 pg/kg and the total PAHs concentration level
varied from 1.00 to 32.52 pg/kg (Houessou et al. 2007; Lee
and Shin 2010; Pissinatti et al. 2015; Stanciu et al. 2008).
Other scientific reports showed that the B[a]P content in
ground and instant coffee ranges from less than
0.01-1.2 pg/kg, whereas in the heavily roasted coffee
beans the substance concentration level reaches 22.7 ng/kg
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(Houessou et al. 2006; Lai et al. 2004). In another work,
concerning PAHs content in coffee roasted in a spouted
bed reactor, the B[a]P concentration level could not be
quantified, although the level for 16 EPA PAHs ranged
from 3.5 to 16.4 pg/kg (Guatemala-Morales et al. 2016). In
this research B[a]P was not detected in any of the analysed
samples of both green and roasted coffee beans. As far as
the level of 4 heavy PAHs regulated by the European
Union is concerned, in the survey performed in Brazil the
level for these compounds turned out to remain in the range
from 1.00 to 3.98 pg/kg (Pissinatti et al. 2015).

Other studies, in which roasted coffee PAHs contami-
nation was examined, showed that light PAHs, such as
Phen, Anthr, F and Pyr, are always predominant in the
PAHs contamination profile (Guatemala-Morales et al.
2016; Houessou et al. 2006). Therefore, qualitative and
quantitative PAHs profiles of analysed coffee samples,
presented in this paper, are similar to the results of above-
mentioned works.

The obtained results showed considerable contamina-
tion levels’ variety in individual products, both in the
group of green and roasted coffee. PAHs contamination
level in agricultural products mainly depends on the place
of origin and its industrialization level. A wide range of
PAHs emission sources, as well as vehicular traffic,
affects the latter (Ciecierska and Obiedzinski 2013a;
Kobayashi et al. 2008; SCF 2002). It may be therefore
stated that the analysed green coffee beans’ place of
geographical origin, as well as the local environmental
pollution grade, causes significant differentiation in the
PAHs contamination level for given coffee beans. Method
of post-harvest coffee drying is also an important factor in
this case.

Temperature, roasting method (flame-roasting, coal-
grilling, gas roasting or electric oven-toasting) and its
degree and raw products contamination level are, however,
the main factors affecting PAHs level in coffee (Farah
2012; Houessou et al. 2007; Orecchio et al. 2009; Tfouni
et al. 2013). Coffee roasting usually occurs at the temper-
ature ranging from 185 to 220 °C in Polish food industry.
As stated in the available literature concerning PAHs
contamination, pyrolytic reactions occur during the above
170 °C roasting (Franca et al. 2005; Yeretzian et al. 2002).
These are strongly linked with PAHs formation in food.
Other studies revealed that Phen and Anthr formation in
coffee occurs at above 220 °C temperature, whereas for-
mation of Pyr, Chr, and B[a]A requires higher tempera-
tures—from 250 to 260 °C (Farah 2012; Houessou et al.
2007). It is known that coffee beans which are roasted at
high temperatures for a long time turn dark, numerous
cracks appear on their surface and inner, rich in fat struc-
ture inside them becomes visible (Yeretzian et al. 2002).
This favours the formation of lipophilic PAHs, especially

@ Springer

heavy PAHs, and determines their high contents in final
products. It may be stated on the basis of obtained results
that the relatively low level of PAHs contamination in
analysed coffee samples (especially roasted coffee beans)
was the effect of mild roasting. These particular roasting
conditions caused the reduction in total PAHs content in
roasted coffee indeed. The reason for this phenomenon is
light PAHs volatility. Conversely, it might be assumed that
the use of higher roasting temperature may result in an
increase in the level of PAHs contamination in roasted
coffee beans samples.

Conclusion

In order to examine the effect of mild roasting on the
coffee beans’ PAHs contamination, PAHs were deter-
mined in green Arabica and Robusta coffee beans and
also after roasting using an electric coffee roaster. The
obtained method performance parameters proved the
suitability of the applied method in case of 19 PAHs
analysis in coffee samples. The results of the study
showed that the contamination level of roasted coffee
beans was lower in comparison with that of their raw
equivalents in the field of statistical significance. It was
therefore proved that mild roasting conditions with the
electrical heating system have a significant effect on
PAHs contamination level in the final product and do not
lead to the occurrence of PAHs formation conditions.
This especially concerns heavy PAHs. This is the reason
why mild roasting applied in the experiment may prove
useful in case of reduction of PAHs contamination level,
especially due to relatively high volatility of light PAHs.
Moreover, relatively low level of PAHs content, in par-
ticular, the heavy ones, in analysed roasted Arabica and
Robusta coffee beans may undoubtedly result in low
contamination level of their infusions. However, consid-
ering that natural roasted coffee is a very popular bev-
erage and the coffee beans roasting methods themselves
vary considerably, further examination of PAHs contam-
ination level in coffee is still required.
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