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ABSTRACT

The aim of this investigation was to study the effect of different
roasting time on acrylamide (AA) formation and polyphenols content
in green coffee beans when roasted for 15, 30, 45, 60, 90 and 120 min
at 200 °C. Also, AA content in diffcrent roasted coffee (light and dark
roasted cofiee) collected from different regions in Caro and (Giza
governorates was determined. The obtained results by GC-MS
indicated that the amount of AA rapidly increased at the onset of
roasting, rcaching a maximum level (283pg/kg) tfor 15 min of the
roasting time. While, as the roasting time increased from 30 to 120
min. the AA content was a drastically decrcased. The colour of coffec
samples was increased [rom very light to very dark by increasing the
roasting time which was inversely linked to AA concentration in the
roasted collee, ranging from 283 pg/kg in very light roast down to 39
pg/keg in very dark roast, The AA content in collected samples (local
market) from light roasted ground coffce was ranged between 116 1o
169 png/kg. While, the collected samples of dark roasted ground coffce
was ranged between 59 to 98 pg/kg of AA content. Light roasted
collee samples had higher content of AA (mean 137.66 ug/kg) than
those lound in dark roasted cofiee samples (mcan 73.66 pg/kg).
Concerning the HPLC- polyphenols content, Chlorogenic acid was the
major phenolic compound detected in green coffee (raw), followed by
caffcic acid and coumaric acid. Chlorogenic acid was sharply
deereased as the roasting time increased up to 120 min. Coumaric
acid, resolcenol, pyrogallic acid, quercetin, cinnamic acid, p-hydroxy
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benzoiec acid and chrysin were decreased as the roasting time
increascd. While, no appreciable change was found i caffeic acid
content as a result of roasting time increasing, '

INTRODUCTION

Acrylamide 1s a compound, with a potential to cause a specitum
of toxic effects JTARC, (1994); European Union Risk Assessment
Report (2002); Manson et al. (2005), including neurotoxic effects as
has becen observed in humans. Acrvlamide has also been classified as a
probable human carcinogen under the Group 2A by the International
Agency for Research on Cancer IARC (1994). Similar classifications
have been done by other authorities within the European Union and
USA US EPA (1993).Until the rccent decade only occupational
cxposure to acrylamide was thought to represent a significant health
risk. The mutagenic and carcinogenic properties of acrylamide are
assumed to depend on the epoxy metabolite, glycidamide, as reviewed
by Rice (2005).

Coffee plays a major social and economical role. It is onc of the
most widely consumed beverages throughout the world due 1o its
pleasant tastc and aroma and stimulant cffect Martins and Gloria
(2010).

Since, roasted coffee is widely consumed among worldwide
population, so they potentially cxposc to AA. The chemistry of coffec
roasting is complex and still not completely understood (Senyuva and
Gokmen 2005). Aromatics, acids, and other flavor components are
cither created, balanced, or altered in a way that should augment the
flavor, acidily, aller taste of the coffec during roasting. The roasting
conditions (temperature & time) determine the specific tvpes of
chemical rcactions that occur in coffee. In addition, to produce desired
characteristics, undesirable changes such as the formation of
acrylamide should also be considered in this process. Coffee, as a
source of acrylamide, nceds to be investigated in depth to determine
the effcets of roasting conditions on acrylamide levels (Senyuva and
Gokmen 2005).

Coflec has factors aflecting acrylamide (AA) formation during
the roasting procedure. Roasting time, temperature and variety give a
variation in content. IExtended temperature and time lowered the
acrylamide content, since temperature above 240 °C and time Jonger
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than 5 minutes, gave a decrease n acrylamide formation Bagdonaile
and Murkovic (2004) and Anesc, et al. (2010).

Despite the controversial effects of coflee on human health,
coffee is nowadays accepted as a rich source of compounds possessing
antioxidants and radical scavenging activitics; Green coffee beans
contain effective plant antioxidants, such as chlorogenic acids,
phenolic acids, polyphenols and alkaloids; their content varics mainly
with the species of coffee tree {c.g. Coffea arabica, Arabica, Coffea
canephora, Robusta) and with their origin, and also their content
depend on the roasting conditions. Depending on the roasting
conditions, natural coffee antioxidants are partly decomposed or
bound to polymer structures. However, roasting results in the
generation of Maillard reaction products (melanoiding), exhibiting
significant antioxidant activitics previously, 1t was confirmed that the
antioxidant capacity of roasted coffce exceeded than of green coffec
beans, and an optimum ol antioxidant action was found for medium-
roasted samples. On the contrary, the level of acrylamide was
suppressed upon increasing the roasting degree, but this process
resulted in a loss of antioxidant capacity Brezov et al. (2009) and
Summa ¢t al. (2007).

A high rclevance is being given to coffce, as an important
dietary source of acrylamide. mainly in the Nordic FEuropean countries
wherc it may contribute up to one third of total dietary intake Among
other possible reaction pathways, the Maillard reaction represents the
main route for acrylamide formation in coffee, being initiated by the
condensation of asparagine and reducing carbohydrates or reactive
carbonyls, when the beans arc subjected to the high roasting
temperature. Therefore, the degree of roasting will be a key factor in
acrylamide content. with light roasted colfce attaining significantlv
higher amounts when compared with dark roasted counterparts
Moreover, when comparing the two coffee species of higher
cconomical importance, namely Coffea arabica and Coffea canephora
(also known as arabica and robusta coffees, respectively) increasced
levels of acrylamide arc described for the latter As a result, the
reported levels for roasted coffee beans vary widely, usually within
the range of 35-540 pg/kg of coffee (Alves et al., 2010).

The aim of the present study can be summarized as follow:
I- To study the effect of the roasting conditions (at different roasting
times) on the formation of acrylamide (AA) in coflee beans.
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2- Determination of AA content in different roasted coffee (light and
dark roasted coffee) collected from different regions in Cairo and
Giza governorates.

3- Study the effect of the roasting conditions on polyphenols content
in coffee beans.

MATERIALS AND METHODS
Samples:

Three Kg arabica green coffce beans, Brazilian coffee specic,
(Coffea arabica) were purchased from the local coffec market at
Mataryia region, Cairo, Egypt.  Green coflee beans samples werc
divided to 7 portions, each portion (300g) was roasted individually at
different time started from 15 to 120 min., one of them was tested as
control samples (without roasting).

Surveying samples: Six diffcrent samples of commercial medium and
dark roasted and ground coffee were collected from 6 different areas
in Cairo and Giza governorate. All collected samples werc gathered at
two times during the year of 2009(within the shelf life of consumption
as written on their labels information).

Preparation of Coffce Samples

Green coflfee beans (300 g) with a moisture content of around
7.18 % were roasted in a convective oven at 200+5°C. Six degrees of
roasting times were achieved, very light roast (15 min), light roast (30
min), medium roast (45 min), medium dark roast (60 min), dark roast
(90 min) and very dark roast (120 min) as described by Franca et al.
(2005) and Vasconcelos et al. (2007). Roasted cotfce bean samples
from each roasting operation werc degassed for 12 h at -20°C prior 10
grinding Gonzalez-Rios et al. (2007). Roasted coffce samples were
naturally brought to ambient temperature (25 £+ 2°C), packed in plastic
pouches and stored in dry conditions. Prior to analysis coflee samples
were ground in a coffce mill (Braun AG Frankfurt Type: KM 32,
Germany) to obtain fine particle size Sacchetti et al. (2009).

Preparation of Standard Solution:

Standard grade of acrylamide (99.8%) was obtained from
Sigma-Aldrich (USA), and the Standard solution was prepared
according to the method as described by Henares and Morales, (2006).
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Determination of Acrylamide in Coffee Samples:
1-Extraction of Acrylamide by Solid Phase Extraction (SPE):
Sample Preparation: 5g of ground Coflee samples was transier into
a 125-mL Erlenmeyer flask with 40 ml of deionized distilled water,
and placed into water bath at 65°C for 30 min. Ethylene dichloride (10
ml) was added, and the flask contents were homogenized for 30scond,
and extracted 3 times with 10, 5, and 3 ml of ethyl acectate,
respectively. The extract was dried with addition of anhydrous sodium
sulfate, and the solution was concentrated by rotary evaporator to a
final volume of approximately 4 ml. The sample was then rcady for
final extraction by Solid Phase Extraction (SPE) sing

Discovery MCAX 300mg CI18 3mb tube. The C18 tube were
Conditioned with 1.0 ml of methanol followed by 1.0 m! water, dried
with vacuum, then 1.0 ml of aqueous cxtract was loaded onto
conditioned tube, and wash with 1.0 ml of water. Sample extracted
were Llule to remove the acrylamide from C18 tube with 2.0 ml
methanol and concentrate samples using a nitrogen manifold at 30°C,
and rcconstitute to 0.5 ml. with water to be ready for LC/MS analysis
Henares and Morales (2006) and Senyuva and Gékmen (2006).

2-Analysis of Acrylamide by GC-MS was carried out

According to the mcthod deseribed by Soarcs et al. (2006) G-
MS analvsis were performed m a gas chromatograph. model HP GC-
0890, split-sphitiess injector. coupled to a mass selective detector
model Agilent MSD-3973N (Agilent. Palo Alto, CA, USA), The
analvtical separation was performed in a capiilary column DB 1301
(30m x 0.25 wm. 0.25mm 1.dy from J&W Scientitic (Folsom. CA.
USA). The centrifugations were made in an ultra-centrifuge from
ppendort. model S810R (Hamburg. Germany) at 15 000g and in a
Heracus Sepatek. model Laboluge Ac (Osterode, Germany) at 3000g.
The SPE clean-up was made i a Visiprep Solid Phase Uxtraction
Mansiold rom Supelico (autkireien. Germaiy o owiln capacily 1or Lz
columns. Evaporation of the selvents was performed 1n a Bu” chi
Rotavapor model RE 111 and 461 water bath (Flawil. Switzerland).
Evaporation under a stream of nitrogen was carried out on a Pierce:
maodel Reacti-therm 18790 (Rocktord. 11, USA) with capacity for
nine vials, GC-MS operating Londmom Gas-chromatography. Carrier
gas: helium (constant flow at Tml min'). Sample mjection volume: 1
,ui (splitless. pulsed pressure 32 psi, 60 s). Injector temperature: 280°C.
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aven temperature: 85°C (1 min), 13°C min ' to 280°C, hold for 10 min
(24 min). transfer line. 240°C. Mass-spectrometry. Electron energy. 70
eV (El mode). Mode of acquisition: selecied on monitoring (SIM).
mez 106, TUS. 150 and 152, lhe dentiy of the peak was coniirmed by
retention time and by comparing the relative abundance ratios of the
contirmatory ions with AA standard solution.

Extraction and Identification of Phenolic Compounds by HPLC

Phenolic compounds of coffee samples (Twelve of polyphenol
compounds were identified in raw (green coffee) and roasted coffec
beans  including chlorogenic acid, caffeic acid, coumaric acid,
resolcenol, pyrogallic acid, vanillin, ferulic acid, quercetin, cinnamic
acid. gallic acid, p-hydroxy benzoic acid and chrysin) were extracted
according to the method outlines by Ben-llammouda et al. (19953).
One g. of cotlec ground sample was soaked in 10ml of ethanol (80%)
and filtered through a 0.2y filter sterilized membrane prior to HPLC
analysis.

[dentification of individual phenolic compounds of the ground
coffee samples was performed on a JASCO HPLC, using a hypersil
Cis reversed-phase column (250 x 4.6 mm) with 5 pm particle size.
Injection by means of a Rheodyne injection valve (Model 7125) with
50 pj fixed loop was used. A constant flow rate of Iml/min was used
with two mobile phases: (A) (1.5% acetic acid in distilled water at pH
2.62; and solvent (B) 0.5% acetic acid in 99.5% acctonmtrile. The
elution gradient was linear starting with (A) and ending with (B) over
50 min, using an UV detector set at wavelength 254 nm. Phenolic
compounds of each sample were identificd by comparing their relative
retention times with those of the standard mixtures chromatogram.
The concentration of an individual compound was calculated on the
basis of peak area measurcments, then convert to pg phenolic g-' dry
weight.

All chemicals and solvents used were HPLC spectral grade.
They were obtained (rom Sigma (St. Louls, USA) and Merck-
sheuchrdt (Munich, Germany).

Statistical Analysis:

Data were subjected to the statistical analysis according to
Analysis of Variance (ANOVA) of Completcly Randomized Design
as described by Gomez and Gomez (1984) Treatment means werc
compared using the Least Significant Differences (1.SD) at (.05 levels
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ol probability and Standard- Lrror. Computations and statistical
analysis of data werc done using facilitics of computer and statistical
analysis system package SAS (1985).

RESULTS AND DISCUSSION

Effect of Roasting Degrec for Diffcrent Times at 200 °C on
Acrylamide Formation in Coffee samples

Data presented in Table 1 show the effect of roasting degree at
200 °C on the formation of AA during the roasting process for six
diffcrent times (15, 30, 45, 60, 90 and 120 mun). It could be observed
that the amount of AA rapidly incrcascd (283 pg/kg) at the onset of
roasting, rcaching for 15 min of the roasting time. Meanwhile, as the
roasting time increased from 30 to 120 min the AA content was a
progressive drastically decreased, it was decreased from 251 pg/kg
after 30 min to 39 pg/ke alter 120 min of the roasting umc.

Table (1) Effect of Roasting Degree for Different Times at 200 °C
on /\Lrylamlde Formation (p.g/kg,,) in Coffee Beans

Au‘ylamlde Content
Roasting Time (min) (png/kg) Coffee Color
o _ (Mean i8Iy ]
0 | 10058%° [ Raw(Greem)
15  283+6.93" Very light
30 25145.77% Light
45 _16244.04° Medium |
60 ~ 116:2.89° ~ Medium Dark
% 79+1.73% ] Dark
S0 ) 3981457 ) Very Dark
Lspx | 739

*| east Slgz,mﬁcant lefct ence at 0.05

The presented results are confirmed with the data reported by
Alves et al. (2010); Bagdonaite et al. (2008) and Taeymans et al.
(2004) they reported that the Acrylamide formation starts rapidly at
the beginning of the roasting process and it decreascs shortly after
reaching a maximum level, probably due to physical and chemical
losses. In addition, Confédération des Industries Agro-Alimentaires
(CIAA, 2004) reported that the acrylanide formation in coffee is very
different from any other food product. During the initial phase of
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roasting, acrylamide starts 10 form rapidly, and reached to a maximum
level of formation, the acrylamide content is reduced during the final
stage of the roasting process. At the end of the roasting process, only
25-30% of the maximum level can be determined, indicating a loss of
acrylamide of about 70%. This behavior is unique and different from
any acrvlamide study so far conducted on food products. Also.
Guenther et al. (2007) rceported that the acrylamide levels in roast
coffee are determined by concomitant formation and reduction
reactions during the roasting process; the profile of acrylamide
formation reflects this effect very clearly. Acrylamide formation
rcactions are dominant at the beginning of the roasting cycle, leading
to increased levels at this stage, 47 mgkg', and then declining steeply
toward the end of the roasting cycle due to higher rates of elimination
(physical and chemical loss).

From the same Table. it could be also noticed that colour degree
of collce samples was increased from very light to very dark by
increasing the roasting time at 200°C from 15 min to 120 min.
Meanwhile, the degree of roast is inversely linked to AA
concentration in the roasted coffee, ranging from 283 pg/kg m very
fight roast down to 39 pg/kg in very dark roast.

[t could be concluded from the present results that there was a
relationship between the color of roasted coffec and 1t content of AA
as observed darker coloured coffee may contain much lower amounts
of acrylamide than light coloured cotfec. This indication that the
degrec of roasting will be a key factor in acrylanmide content, with
light roasted coflece attaining considerably higher amounts. Our result
1s concomitant with the results of Bagdonaite et al. (2008); Lantz et al.
(2006) and Senyuva and Gokmen (2005).

Acrylamide Contents in Different collected Samples of Light and
Dark Roasted Coffee.

Table (2) shows the AA content in commercial light and dark
roasted coffee collected from the local markets of different six regions
at Cairo and Giza povernorates.
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Table (2) Acrylamide Contents (pg/kg) in Different collected
bamplu of nght and Dark Roasted Coffee.

Acryldmlde ‘Content ( g,/kg) {(Mean + SF)**J

B Samplcs Light Roasted Coffee Dark Roasted Coffee |
, 1 B 133&1 .73”{7“7 68+1 73D N
—_2 ) ) 142{*2311)’ 77__{:1738
3 ) 129 ]l_73D ' 6111737
- ) 4__.r_ __ 1_1_6flf1._15F _ - 7”59:|:1_73Ar;
5 b 137elast | 9842317
A T Y L B T L
_ Average | 13766 T 73.66
I SI)“ T —— J_fll . 8 11 _]

="] easl Slgmﬁndm leﬂ,rence at 0.05 ** average of two samples collected from each
region

The tabulated data revealed that the AA content in collected
samples from light roasted ground coffee was ranged between 116 to
169 pg/kg. by mean 137.66 pg/kg of AA content. While, the collected
samples of dark roasted ground coffee was ranged from 59 to 98
ug/ke of AA content, by mean 73.66 pg/kg.

It could be observed that these results are confirmed the
forenamed that obtained from table (1), which means that light roasted
coffee samples had higher content of AA (mean 137.66 pg/kg) than
those found 1n dark roasted coffce samples (mean 73.66 pg/kg). This
may be due to that AA is formed at the beginning of the roasting step,
and then it declining steeply towards the end of the roasting cycle duc
to higher rates of climination (through physical and chemical losses)
versus formation.

These results are also in agreement with previous studies Alves

ct al. (2010) and Seal ¢t al. (2008).

Effect of Roasting Degree for Different Times at 200 °C on
Polyphenol Compounds (g/100g) in Coffce Beans.

Coflee beans are one of the richest dictary sources of
hydroxycinnamic acid derivatives (especially chlorogenic acid) and
other phenolics. Depending on species. green coffee beans contain
some 6 - 10% chlorogenic acids on a dry matter basis. Besides the
chlorogenic acid isomers (major component being S-caffcoyl-quinic
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acid) and their di-esters, other hydroxycinnamic acid conjugates like
feruloyl-quinic acids and caffeoyl-tyrosine were identified and their
content in roasted coffee estimated (Rawel and Kulling, 2007).

Twelve of polyphenol compounds were identified in raw (green
coffee) and roasted coffee beans (at 200° for different times) including
chlorogenic acid, caffeic acid, coumaric acid, resclcenol, pyrogallic
acid, vanillin, ferulic acid, quercetin, cinnamic acid, gallic acid, p-
hydroxy benzoic acid and chrysin, and the results are given in Table
(3).

As illustrated in Table (3), chlorogenic acid was the major of
phenolic compounds detected in raw green coffece (4.9 g/100g),
tollowed by caffeic acid (0.528 g/100g) and coumaric acid (0.259
g/100g). These results are in accordance with the trend of polyphenol
compound contents in coffce obtained by other researchers. Brezov et
al. (2009) and Somoza et al. (2003) rcported that antioxidants are
natural constituents in coffec and include phenolic compounds,
chlorogenic acid, caffeic acid and caffeine, While many of the
antioxidants naturally present in coffee arc degraded (phenolic
compounds, calleic acid, ferulic acid, coumaric acid), others are
formed by roasting in the Maillard reaction (melanoidins).

Concerning the effect of the roasting degree at 200°C for
different times on polyphenols content in coffee beans, it could be
noticed from Table (3) that chlorogenic acid was sharply and
gradually decreased as the roasting time incrcased up to 120 min,
which was represented about 3.1 g/100g after 30 min, 1.3 g/100g
after 60 min and 0.198 g/100g afier the end of the roasting time (120
min). This is due to the fact that the chlorogenic acid is a thermolabile
compound, which more sensitive degradation o form the other (low
molecular weight) polyphenol compounds by the roasting process
Vignoli et al. (2010). These resulls are in agreement with the data
obtained by Rawel and Kulling (2007) who reported that during
roasting there 18 a progressive destruction and transformation of
chlorogenic acid and a parallel relcase of a series reactive products.

Also the same bchavior was observed for some phenolic
compounds; namely coumaric acid, resolcenol, pyrogallic acid,
quercetin, cinnamic acid, p-hyvdroxy benzoic acid and chrysin which
were decreased as the roasting time increascd. as also found by Naidu
et al. (2008) they reported that during the roasting process, the
naturally occurring polyphenolic constituents are transformed to a
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Beans {(Mean = SE).

Polyphenol C'ompounds| ' -R:m' )

15 min

Pyrogallic acid | 0.322540.0018 | 0.321£0,0011

Gallic acid

_

Roasting Degree at 200 °C for Different Times
T - i }
. . . : , ’ , | . ‘
30 min J 43 min ] 60 min | 90 min K 120 min

. | W
0.305410.0028 ] 0.285440.0007 | 0.2282£0.0010 | 0.1932+0.0009 ! 0.167210.0014 |

R Ll R e T satatdbel hladsion il
0.0296=0.0006 l 0.030120.0005 | 0.0423£0.0006 | 0.04820.0006 ; 0.0686£0.0012 l 0.083520.0008_L 0.0104£0.0005 |

|

1 H
Resolcenol T0.3265£0.0014 | 0.489£0.0104
p- hydroxy benzoic acid | 0.0117+0.0010 | 0.012520.0009

acid 1.9233£0.0012 | 4.6535£0.0020

Chlorogenic acid

0.8878£0.0017 | 0.39841£0.0017 l 0.2588£0.0012 l 0.35610.0098 7220310.0008 ‘

0.0134id.0006 0.0118+0.0010 0.010210.0006‘0.009820.0010 0.004620.0003}
r_,_ -

3.15520.0173 | 2.532120.0011 | 1.387940.0013 |0.975210.0006 . 0,1982£0.0008 ‘

L

Callic acid T 0524°£0.0010 | 0.520820.0031 [ 0.642740.0006 | 0.5463£0.0008 | 0.685420.0013 | 0.654320.0012 | 0.5632¢0.0017
e : - [ i i ! |

Vanilin 0.01520.0003 | 0.0158£0,0010 | 0.015620.0012 | 0.0145£0.0005 | 0.0141£0.0011 | 0.015420.0017 | 0.0164£0.0007
Voiln 00158 005 | 0.01 | D015420.0017  0.019420.9007
Feralic acid 00079200008 | 0.011240.0006 | 0.0166£0.0014 | 0.0173£0.0012 | 0.0185£0.0017 | 0.2110.0008 | 0.02320.0007
t(‘oumzu*ic aid | 0.2594£0.0008 | 01852400021 | 0.0778£0.0008 | 0.054280.0006 | 0.028340.0010 | 0.0266£0.0008 | 0.0253:0.0006

Cinnamic acid | 0.0033£0.0002 Fy.ooss:o.oooa

[ (.0062£0.0006 l 0.0061£0.0003

| 0.0009%0.0001 | 0.0008£0.0001
Tuotal T 6.4376"

Quercetin

Cheysin

0.003410.0005 0.00281‘0.0002BOOH:0,0DOH0.0011&0.0001 I 0.00140.0001 |
0.0052+0.0002 0.004910.00(ﬂ 0.004510.00010.0038!0.0005 ]0.003310.0003 |

0.0007!0.000’i 0.0005+0.0001 ‘0.0002:0.0001 | 0.0002£0.0001 |0.0002t0.000‘i ‘

39164° | 26758 | 2240 | 12281°

LSD* |

1

0.018

L
*Least Siguificant Difference at 0.85

SHE-1£€ () S "010T "198 "UOIJAUT "Wy “jolg] [

I+t
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complex mixture of maillard reaction products. In addition, Summa et
al. (2007) rcported that the antioxidant activity decrease in colfee
beans upon darker roasting. Because the caffeic acid 1s more stable
compound at roasting temperature and time (Vignoli et al., 2010), so 1t
was no appreciablc change after roasting at 120min. The same
behavior was also noticed for vanillin compound.

REFERENCES

Alves, R. C.; Soares, C.; Casal, S.; Fernandes, J.O. and Oliverra, M.
B.P.P. (2010). Acrylamide in esprcsso coffee: Influence of species,
roast degree and brew length. Food Chemistry 119 (2010) 929-934.

Anesc, M.; Suman, M. and Nicoli, C. (2010). Acrylamide removal from
heated foods. Food Chemistry 119: 791-794.,

Bagdonaite, K. and Murkovic, M. (2004). Factors affecting the formation
of acrylamide in coffee. Czech Journal of Food Science, 22(Special
issue), 22-24.

Bagdonaite, K.; Derler, K.and Murkovic, M. (2008). Detcrmination of
acrylamide during roasting of coffee. J. Agric. Food Chem., 56 (15):
6081 - 6086.

Ben-Hammouda,M. ; Kremer,R.1.; Minor, H.C. and Sarwar, M. (1995). A
chemical basis for differential alleopathic potential of sorghum
hybrids on wheat. J. Chem, Lcol., 21: 775 - 786,

Brezov, V.; Slebodov, A. and Stasko, A. (2009). Coffee as a source of
antioxidants: An EPR study Food Chemistry 114: 859868

CIAA  (Confédération des Industries Agro-Alimentaires), (2004).
Acrylamide Status Report, December 2004: A summary of the Efforts
and Progress Achicved to date by the European Food and Drink
Industry (CIAA) in lowering levels of acrylamide in food. Pp. 40-41.
Available: http//www.CIAA be.

European Union Risk Asscssment Report, (2002). Acrylamide, Volume
24, EUR 19835 EN. (pp 1-207). lL.uxcmbourg: Office for Official
Publications of the Luropean Communitics.

Franca, A.S.; Mendonca, J.C.I'. and Oliveira, S. D. (2005). Composition
of green and roasted coffecs of different cup qualities. LWT 38
(2005} 709--715.

Gomez. K.A. and A.A. Gomez, (1984). Siatistical procedures for
agricultural rescarch 2™ Edn john Wiley, New York, USA.

Gonzalez-Rios,0.;  Suvarez-Quiroz, M.L.; Boulanger,R.; Barelb,M.;
Guyot,B.; Guiraudc,J-P. and Schorr-Galindoc,S. (2007). Impact of



I. Biol, Chem. Environ. Sci., 2010, 5 (3), 331-345 343

ecological post-harvest processing on coffee aroma: Il. Roasted
coffee. J. Food Composition and Analysis 20: 297--307.

Guenther, 1., Anklam, 15, Wenell T, and Stadler, R. 110 {2007).
Acrylamide in coffee: Review of progress in analysis, formation and
level reduction. Food Additives and Contaminants, 24(S1): 60-70.

Henares, RJLA. and F.J. Morales, (2006) Determination of acrylamide in
potato chips by a reversed-phase 1.C-MS mcthod on a stable isotope
dilution assay. Food Chem., 97: 555-562.

IARC, (1994). Acrylamide. In IARC monographs on the evaluation of
carcinogenic risks 10 humans. Some industriol chemicals, Volume 60).
(pp 389-433). Geneva, Switzerland: WHO.

Lantz, 1,; Ternite, R.; Wilkens, J.; Hoenicke, K.; Guenther, H. and van der
Stegen, G.H. (2006): Studics on acrylamide levels in roasting, storage
and brewing of coffee. Mol Nutr Food Res 50, 1039-1046.

Mansoen, J., Brabec, M. 1., Buelke-Sam, J., Carlson, G.P., Chapin, R.E.,
Favor, 1.B., Fischer, [..J.. Hattis. D., L.ees, P.S.J., Perreault-Darney,
S.. Rutledge, J., Smith, T.l., Tice, R.R. & Working, P. (2005). NTP-
CERHR expert pancl report on the reproductive and developmental
toxicity of acrylamide. Birth Defects Research (Part B), 74, 17-113.

Martins, A.C.C.L.. Gloria, M.B.A. (2010): Changes on the levels of
serotonin precursors - - tryptophan and 5-hydroxytryptophan — during
roasting of Arabica and Robusta coffee. Food Chemistry 118: 529—
533.

Naidu, M. M.; Sulochanamma. G.; Sampathu, S.R. and Srinivas, P.
(2008). Studics on extraction and antioxidant potential of green
coffee, Food Chemistry 107: 377-384.

Rawcl, 1. M. and Kulling, S. E. (2007). Nutritional contribution of
coffec, cacao and tea phenolics to human health. I. Verbr, L.ebensm.
2:399 - 406,

Rice, J.M. (2005). The carcinogenicity of acrylamide. Mutation Research,
580, 3-20.

Sacchetti, G.; Di Mattia,C.; Pittia,P. and Mastrocela,[D. (2009). Effect of
roasting degree, equivalent  thermal  effect and  coffee Lype on
theradical scavenging activity of coffee brews and their phenolic
fraction. J. Food Engineering 90: 74- 80.

SAS, (1985). Statistical Analysis System (SAS) user sguide: Statistics, 5"
Hdn. Cary, N.C.: SAS Institute, Inc.

Seal,C. 1.; de Mul, A.; Eisenbrand,G.; Haverkort,A. J.; Franke, K.;
Lalljie,S. P. D.; Mykkidnen, H.; Reimerdes, E.;Scholz, G.; Somoza,
V.: Tuijtelaars,; van Boekel S. M.; van Klaveren, J.: Wilcockson, S. J.



344 EFFECT OF ROASTING CONIITIONS ON THE ACRYLAMIDE

and Wilms, L. (2008). Risk-Benefit Considerations of Mitigation
Measures on Acrylamide Content of Foods — A Case Study on
Potatoes, Cereals and Coffee. British Journal of Nutrition, Apr.99,
suppl.2: s1-s46.

Senyuva, H.7. and Gokmen, V. (2005). Study of acrylamide in coffee
using an improved liquid chromatography mass spectrometry method:
Investigation of colour changes and acrylamide formation in coffee
during roasting. Food Additives and Contaminants, 22 (3): 214-220g.

Senyuva, H.Z. and V. Gokmen, (2006). Interference free determination of
acrylamide in potato and cereal- based-foods by laboratory validated
liquid chromatography-mass spectrometry methods. Food Chem., 97:
539-545.

Scares. C.: Cunha. S, and Fernandes. J. (2006). Determination of
acrvlamide in coftee and coffee products by GO-MS peine an
improved SPE clean-up.Food Additives and Contaminants. December
2000, 25(12) 12761282, :

Somorza. V.: Lindenmeier, M.; Wenzel, I.; Frank, O.; Erbersdobler,
H.F. and Hofmann, Y. (2003). Activity-guided identification of a
chemopreventive compound in coftee beverage using in vitro and in
vivo techniques. J Agric Food Chem 51, 6861--6869.

Summa,C. A.; de la Calle, B.; Brohee,M.; Stadler, R. H. and Anklam, E.
(2007). Impact of the roasting degrec of coffee on the in vitro radical
scavenging capacity and content of acrylamide. LWT 40: 1849—1854.

Tacymans, D.; Ashby. P, and Blank. [. (2004). Review of Acrvlamide: An
Industry Perspective on Research, Analysis, Formation, and Control.
Crit. Rev. Food Sci. & Nutr., 44: 323-347.

US-EPA. (1993). Acrylamide. Environmental Protection Agency,
USA;Integrated Risk Information System (IRIS).  Available:
WWW.cpa.-gov/iris.

Vasconcelos, A.L.S.; Franca, A.S.; Gldoria, M.B. A. and Mendonca, J.C.F.
(2007). A comparative study of chemical attributes and levels of
amines in defective green and roasted coffec beans. Food Chemistry
101 (2007) 26 32.

Vignoli, J. A.; Bassoli. D. G. and Benassi. M. T (2010). Antioxidant
Activity, Polyphenols, Caffeine and Melanoidins in Soluble Coffee:
The Influence of Processing Conditions and Raw Material. I'ood
Chemistry. Article in press. www.sciencedircct.com



1. Biol. Chem. Environ. Sci., 2010, 5 (3), 331-345 345

Con A N Rl o giaag Ll S (s e panaadll gy 00
u-.‘)"“ 33.@3.“
oMbae dJ-ﬂ:\h)ﬂUl-—.\mm‘\}:\iL’:‘MI - ol 5 jan dasa

5oAUEH — 8 Y1 Sl Aol W A —H32 Y1 L gl i o gle i
33 graedl Al AQTaall = paly M =0 g Slall Gaals —3e) 0 g B3V 4 gle A

ian o) sl gl el Gila s il Al pn (Y el bae Chagy
& siney 2D SV 85 e (3883120 5900 60¢ 45 300 15 52415 2200 5 ) ja
Slo ianaadl 5 gl Cilhe B aad SV g gina ol G sl A DY sl
Adbaa bl e oman Al (Leaasad) AGdelly Aa3lll beedl)  Adia. culs
2 S s sine o lgle Jumaiall il s 5 jally s_alil kilad
283 Jue el B ey Zes jasesill e IV Ala o d Re o
BaE el Sda AR amgy o gesesill Bae e 315 des ol 2 ol [l e S
L Lab .3 120 U 330 e pasenill 53e 50 ) e anaha SV (5 gina 3 g 3y
go 8onS A pu Bl W Taa 3N e 5 alo g S8 B gl Sliue sk (Bl
22 SY i e e @l Sy 5120 A G 15 e et B3 33y
S ey 5 S Aa pn Zatll 5 gl Clie as ol s S fal e S 283 Jaw Cua
el Al Leb 5 € Aan AReledl sl Clue ae ol a5l fol a g Se 30
A=l 5 gl i) nady SY1 (5 fae S ) pudl (e lgaand S gl
Siiged 3e3 SY1 5 5iae S Lein ala 58 ol g Sae 169 (110 0e 5
5 fimar Gl Lad Lol ol e b€ fal jas Sie 98 0 59 e 7 o) i ARdall 5 gl
S il SUS el e i O pSall b Gliina g 510 paals 0S8 ¢ Y gl
0.528 Maws 2y s yp0 K0 5 QY Gimels (1o DSy A 100/4 2 4.9 Jas
Al o gl e enentd Bgee 30 Ll M5l e Sla 100/5 58 0.259
LlS ajfiy b el a) Gias Zua G EYY e clia )sKH (asla S8
s g ol 5 Jgind gous My 2y e i€l (3 Liaf (alh Bidas LS L pmpeadll 5as Dl
e Sl LalS g pSIU 5 Slis i oS LD Clalidl 5 i S
sarenill 5o 82 Gy €l ymela g i 8 Lo @ s gl JaaDl ol Laiy | agesdl)
3120 o



