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Abstract: ESR-signals was used long time before as indicator for coffee bean  quality especially 
peroxy radicals which would be indicative of aroma decomposition. Low level of ESR –signals was 
considered better coffee in spite of presence Ochratoxin A(OTA) which exists abundantly in coffee 
either fresh  and considered as carcinogenic.The relation between ESR-signals and coffee quality was 
not clear, need more investigation mainly to get coffee with high quality and safe for human 
consumption Therefore, this work designed to follow up ESR- signals and  OTA-degradation in 
contaminated coffee beans after  using γ-irradiation (0, 5,10, kGy) and conventional thermal 
processing (roasting at (2000C/at 10,20  min). The initial contaminated coffee beans -collected from 
local markets- were contained more than the allowance level{ 5 µg.kg-1 (ppb)}. The results showed 
that using γ- irradiation (10.kGy) and roasting(2000C/20 min) reduced OTA to 82% and 61% from the 
initial concentration  respectively. ESR- signals of irradiated coffee beans has g-value (=2.00964 
±0.0001and 2.0097±0.0002) for 5,10 kGy respectively. Whereas ,roasting process produced  signals  
values with g- value  (2.00933±0.0001and 2.00933±0.0001) for short (10min.) and long time(20 min.) 
of roasting at 2000C respectively. ESR-signals showed that free radicals level were higher in γ- 
irradiation at higher dose(10.0 kGy) followed by  long  time roasted   treatment. A linear correlation 
ships were resulted between applied treatments and ESR-intensity with high significant of (R2 values) 
as y=342.5X-2050, R2 =0. 807 for irradiation, y=35.5X+4.67 and (R2  =0.998) for roasting in 
respectively. Finally ,it could be recommended that using γ- irradiation (10.0kGy) are enough to 
produce coffee beans free with safety levels of OTA. for human consumption.  
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INTRODUCTION 

 

 
Fig. 1: Ochratoxin-A 
               

Ochratoxin- A (Fig .1) OTA  that structurally consists of a para-chlorophenolic group, Ochratoxin A, which 
is the most toxigenic of the ochratoxins is a toxic metabolite produced by some species of fungi belonging to 
the genus Aspergillus, such as A.ochraceus, A. niger, A. carbonarius, or A. flavus, the genus Penicillium (P. 
verrucosum) or the genera Petromyces and Neopetromyces43,61,108. (Taniwaki et al 2003).  OTA producers 
are ubiquitous and are found as spoilage agents of a wide range of food including cereals, legumes, fruits, 
coffee, cocoa, spices and their derivatives (Abarca et al., 2003; Jabbari et al., 2007). Ochratoxin A (OTA), is 
kidney toxin and possible genotoxic potently nephrotoxic, carcinogenic, teratogenic and immunotoxic, (Cark 
and Snedeker, 2006).OTA has been detected in most food stuffs and food commodities as cereals and coffee 
(Van der Stegen et al, 2001 and SCOOP, 2002).  Methods for OTA detoxification are mainly classified into 
three major techniques, physical, chemical and microbiological.The purpose of these methods is to reduce or 
eliminate the OTA toxic effect by destroying, modifying or absorbing this mycotoxin40. The ideal 
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detoxification method should be easy to use and economical, it should not generate toxic compounds or alter 
other food quality parameters such as the nutrient content.( European Committee for Standardization 2003) 

Coffee (Coffee Arabica  Linn., Rubiaceae)  is one of  the most popular and consumed food products in the 
worled. Recently, Epidemiological and clinical studies have been attributing benificial health effects to this 
product, mainly due to its high content of phenolic components which considered the highest antioxidant 
components, while Coffee is most commonly dried by spreading it in a thin layer under the sunthe most critical 
factor regulating drying rate is the weather - rain and dew, high humidity or clouds that reduce solar radiation 
(Duris 1990). The amount of coffee cherries spread out on drying terraces, thicker layers significantly reduce 
drying rate. It is important to know that around 80% of coffee is exported to industrialized countries, while the 
presence of OTA as food contaminants  in coffee beans ( Fig. 2) causing loss of market shares., fall in producer 
prices rise in the consumption of contaminated coffee in producing countries or countries without regulation, 
Good hygiene practices (EC, 2005)."Managing the risk of OTA contamination in coffee requires better 
management of the coffee supply chain, from the tree to the finished product," says Renata Clarke is not enough 
to control OTA in coffee beans “The A process of freezing at –20°C, with defrost at 26°C, and UV and gamma 
treatments, is able to diminish the producing mould conidia. Nevertheless, only gamma radiation can destroy 
the mycotoxin (.Amézqueta, S., et al 2009 and Aziz, Net al 2004, Kim et al, 2009 and Romni, et al, 2009.) ). 

Roasting, broiling ,and frying of coffee bring about the formation of flavor compounds and brown 
pigments.(Faist and  Erbersdobler., (2001),Farag and Korra (2008) reaction products (MRPs) are consumed 
regularly as part of the daily human diet, especially with bakery products, coffee ,caramel or beer, Kim et al. 
(2009), FAO/WHO (2002) and European Commission (2002). In this respect, Several investigators (Tsubouchi 
et al. 1988,)  studied the heat stability of OTA of dried whole coffee beans. Recently, Van der Stegen et al, 
2001, Nehad et al, 2005, P´erez De Obanos et al, 2005, and Baggenstoss et al, 2008 were recorded OTA losses 
during roasting green coffee beans. 

The γ-irradiation treatment of foods and plant products is nowadays   accepted in more than 40 states as a 
standard and safe sterilization technique which lowers the risk of microbiological contaminations and prolongs 
the durability of products (Farag et al,2007) .Many international agencies have been declared that food 
irradiation is safe for human consumption even 10 kGy as in IAEA/FAO/WHO, WHO (1981) and Farag et al, 
(2007). Impact of irradiation on the sensitivity of fungi and mycotoxins has been well established in various 
food-stuffs (Refai et al, 1996, Rajeev B and Sridhar K.R. 2008 and Kumar et al, 2012). However, there is 
scarcity of data regarding the status of free radicals in irradiated coffee beans.  So it is important to studies the 
effect of some food processing such as roasting which daily used and γ-irradiation of coffee beans on the level 
of OTA in contaminated samples Secondly evaluation and measure the level of free radicals using Electron spin 
resonance measurements (ESR) 
 
Table 1: Existing national limits for OTA in coffee in Europe (ppb) 

  Green Roasted Instant 

Czech Republic 10 10 10 

Finland 5 5 5 

Germany - 3 6 

Greece 20 - - 

Hungary 15 10 10 

Italy 8 4 4 

Netherlands - 10 10 

Portugal 8 4 4 

Spain 8 4 4 

Switzerland 5 5 5 

Permissible limits  5,0 and 10 ,0 (ppb) for green and instant coffee  respective 
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MATERIAL AND METHODS 
 
Material:     
Sampling: 

  Six samples  of each  raw  green coffee  beans(Coffee Arabica  Linn., Rubiaceae) and commercial roasted 
samples  have been collected from local markets in Cairo ,Egypt. 
 
Ochratoxin A (OTA) and Other Chemicals: 

The standard of Ochratoxin A and other chemicals were purchased from Sigma Chemical Company,U.S.A 
 
Methods: 
Preparation of Samples: 

Coffee beans were powdered in an electrically operated coffee grinder. The resulting powder was passed 
through a nylon mesh to remove large broken pieces. Sieved particles to obtain a fine powder. 
 
Irradiation Process: 

  The irradiation process was carried out at National Centre for Radiation Research &Technology 
(NCRRT). Samples were irradiated with γ- rays at different doses 5.0 and 10.0 kGy. The irradiation processes 
were performed at room temperature using a Co60 γ-source with dose rate of ~ 4.0 kGy/h. The irradiation source 
had been calibrated by the National Physical Laboratory (NPL, Teddington, UK) using the dichromate 
dosimeter system. 
 
Roasting Process: 

Coffee drying: Before roasting, the coffee beans were dried until 12%moisture content. 
A contaminated green coffee beans sample was divided  to three portions and roasted using electrical oven 

at 2000 C for two periods  the first to 10 min. and 20 min. After roasting, beans were cooled to 25 0C while the 
third considered as positive control  
 
Extraction and Analysis of OTA:  

In green coffee: Coffee samples were frozen at 80oC then ground to pass a 0.5 mm sieve and analyzed for 
OTA content  

.The samples (10 g) were extracted for 30 min with 100 ml of methanol/3% sodium bicarbonate (50:50), 
the extracts (10 mL) were filtered and diluted with 30 ml of phosphate-buffered saline and applied to an 
immunoaffinity column (Ochraprep, R-Biopharm, Glasgow, UK). 

OTA was eluted with 3 mL HPLC grade methanol. The elute wasevaporated to dryness under a stream of 
nitrogen at 70oC, and theresidue was redissolved in 1 mL of HPLC mobile phase and then quantified by HPLC 
 
HPLC with the Following Conditions: 

 -Column type and size : C 18, 250X 4.5 mm I.D., 5 micron particle size. 
 Temperature: at room temperature( 2000C). 
-Fluorescence detector:333 and 460 nm as wavelengths for excitation and emission, respectively. 
 Mobile phase: acetonitrile: water: acetic acid (99: 99:2) 
-flow rate: 1ml min-1 
Injection Volume 20 µL 
Calibration curve was determined using ranges of OTA standard. 

 
Electron Spin Resonance Measurements: 

The ESR measurements were carried out two weeks after irradiation to avoid any false signal due to 
grinding according our preliminary experiment in preparation samples. Non irradiation green coffee beans are 
consider as control 

ESR spectra were measured with an X-band ESR spectrometer (Bruker, EMX) at room temperature using a 
standard rectangular cavity (4102 ST) operating at 9.75 GHz. with a 100 kHz modulation frequency. The ESR 
parameters were chosen to provide the maximum signal-to-noise ratio for non-distorted signal. . The microwave 
power and modulation amplitude were 6.3 mW and 1 G, respectively. The response time constant was 40 ms 
with the field-sweeping rate of 100 G/164 s. The intensity of each sample was measured three times as the peak-
to-peak height and average values of these measurements were plotted. The standard deviation was about 0.5% 
from the mean value. Standard samples of MgO doped with Mn2+, weak pitch and DPPH (a; a-diphenyl-b-
picrylhydrazyl) were used to calibrate the ESR intensity and the g-factor of the signal. 
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RESULTS AND DISCUSSION 
 
OTA Analysis in Raw Green Coffee Beans:  

Data in table (2) showed that OTA was detected in all tested roasted samples (100%), while the percentage 
of contaminated samples were lower to 66% for green coffee, The level was ranged from 2.07 to 5.54 µg.kg-1 in 
green samples, while it was  no-significantly decreased in the commercial roasting samples, the average were  
2.24±1.52and 2.38 ±1.8 µg.kg-1 for green and roasted coffee beans , respectively .Heaviest contaminated sample 
(5.54 µg.kg-1). of green coffee beans., (was contained  the highest percent of mold growth , Penicillium  sp. and 
Aspergillus sp, A.ochoruses no tabulated data) Therefore,  this sample was chosen to study the possibility of 
OTA destruction by individually  irradiation and  heat (roasting)  treatment to decrease less than allowance 
levels. Table (2),Fig (2) revealed that irradiation is the most effective treatment on decreasing the level of  OTA 
in samples  No significant differences were obtained by using either high or low dose which contained OTA 
concentrations as 1.13±0.10 µg.kg-1, 1.02±0. 20 µg.kg-1 for 5.0 and 10 .0 kGy respectively. Also, roasting 
treatment either long or short time reduced  OTA –content but less than irradiation treatments. A linear correatl 
ationship resulted between used treatments and OTA reduction ,as occurred by irradiation (y=2.26x+7.1)  with 
high significant values of the coefficient ( R2=0.8) and roasting as(y=1.685x+6.9) with R2( 0.91).(Table 2). 
More recently studies by Kumar et al (2012) showed that OTA –degradation by irradiation the coffee beans can 
be done easily  especially in presence of moisture content. Besides keeping the quality of coffee either flavor or 
antioxidants which  lost deeply  after roasting. 
 
Electron Spin Resonance (ESR): 

ESR-signals are recommended as indicator of coffee quality for measuring rancidity and peroxides 
substances, besides presence of natural signals due to sun rays in coffee beans or leaves ( Ikey,1989).He showed 
that  ESR- spectra of radical species in irradiated coffee samples  are characterized by signal with spectroscopic 
splitting factor (g-factor) of g┴ = 2.00663 Figs (3,4),Table (4).The ESR signal ascribed to free radical induced 
free radicals in cellulose. EN 1787 refers that signals due to the presence of a "cellulose type" radical is 
attributed to Mn(II) ions under the main paramagnetic feature with a separation of about 6 mT and centered  
around G = 2.004 (EN 1787, 2000, Ahmed et al, 2009, Farag et al. 2009). It is important to note that the 
background signal may vary with the type of plants, maturity stage of seeds and the original location sources. 
The initial signals natural of  coffee beans after harvest is natural from sunrays which can extend some years as 
showed by Ikey et al, (1989). 

From another hand, ESR spectra of coffee –not treated – display  in addition to signals arising from 
paramagnetic ions (Fe3+,Mn2+) intensive lines near g=2.0 which are assigned to native organic free radicals. 
The radicals generation is enhanced by physical treatments such as  roasting ,grinding  and  irradiation. (Ikey et 
al, 1989, Bekedam, et al, 2008). 

A short signal life observed after grinding in control ,whereas, high intensity values resulted after roasting 
which increased with increasing roasting time as shown in Table(5) and figs(1,2). Same obtained data found by 
workers with previous systematic model investigations, they observed signal was attributed to a product of the 
Maillard reaction and assigned to protein-bound 1,4-bis(5-amino-5-carboxy-1-pentyl)-pyrazinium radical 
cation,  Brezova et al., (2009). 

Also, irradiated samples were showed high values of ESR–intensity. That trend was clear which increased 
with increasing doses as in 5.0kGy and10.0 kGy respectively. A linear relationship resulted between applied 
dose and EPR –intensity as y=342.5X-205 with significant R2=0.8.Also, another linear equation resulted after 
using roasting as y=35.5X+4.67 with high significant coefficient (R2=0.998). ESR- signal rate per units can 
calculate from the above-mentioned equation's as 342 per  irradiation dose kGy, versus 35.5 per min. for 
roasting (at 200 0C) respectively. Same obtained data of roasting were found by workers with previous 
systematic model investigations, they observed signal was attributed to a product of the Maillard reaction and 
assigned to protein-bound 1,4-bis(5-amino-5-carboxy-1-pentyl)-pyrazinium radical cation, Brezova et al., 
(2009). These free radicals due to decomposition of cellulose molecules as in most of plant origin sources. It is 
finger print for cellulose signals as showed by Ikey et al (1989). The presence of free radicals in coffee is not a 
reason to reject the irradiated coffee but considered  methods for decontamination because even the roasting 
process gives free radicals in coffee. In fact ,most irradiated food are safe and  accepted in more than 40 states 
now. WHO, (1981) and Farag et al, (2007, 2009).  

 
Discussion: 

ESR-signals was used as indicator for coffee quality especially peroxy radicals which would be indicative 
of aroma decomposition. (Ikey, et al, 1989). He showed that low value  near 2.0 of ESR- Intensity had high 
quality of better coffee. Our results  added new information ,its  showed that  high ESR- intensity can consider 
with high – quality either ater irradiation or roasting for reducing OTA. The increasing of ESR-signals was 



Aust. J. Basic & Appl. Sci., 6(3): 741-750, 2012 

745 

depending dose of irradiation or time of roasting time at 200 0C. A linear relationship resulted between these 
parameters with high significant coefficient (R2).  

The OTA has been implicated as the causative agent of Balkan endemic nephropathy (Atoui et al., 2006), 
urothelial tumors in the Balkan State and Egypt (Wafa et al., 1998). OTA producers are ubiquitous and are 
found as spoilage agents of a wide range of food including cereals, legumes, fruits, coffee, cocoa, spices and 
their derivatives (Abarca et al., 2003; Jabbari et al., 2007). Our results indicated that the contamination level 
was in green and roasted coffee samples collected from local markets were in the same average while two 
samples out of twelve were in higher than  recommended by EU in coffee which were  5 µg.kg-1 in roasted 
coffee. Same observation was obtained by  Studer-Rohr, et al., (1995) and Tsubouchi et al. (1988). The aim of 
consumer protection in EU  to minimize exposure to OTA  below 5 ng/kg/BW/day Olsen et al., (1991), and 
Kuiper-Goodman, 1996). Coffee industry in the industrialized countries is worried not only about its supplies, 
but also about possible consumer disenchantment with coffee. Rise in coffee prices at the distribution stage  in 
response to higher costs of controlling product quality an increase which could also lead to a decline in 
consumption. Goryacheva et al. (2006) reported that there are existing regulations in some regions on accepted 
level of OTA in certain foods, in daily and weekly intake of this toxin, while some are yet to take such steps.  

Generally, the prevention and control of OTA formation depend to a large extent on the commodity and 
fungus of concern, but some general principles apply. Approaches can be used before harvest, immediately after 
harvest, or during storage. A draft code by Codex Committee on Food Additives and Contaminants, (2001) for 
steps of control of mycotoxin formation, including suggestions for management systems based on the principles 
for the application of the Hazard Analysis and Critical Control Points (HACCP) system The latest European 
Commission Regulation (EC,2005) as a result of this process, could not set limits on green coffee, and made no 
changes to the maximum limits for OTA in roasted coffee and soluble coffee of  5 ppb and 10 ppb respectively.  

OTA levels in the treated samples reached to the safe limits after both treatment of irradiation and roasting. 
It can be destructed  of nearly of  60 % to 80% for both treatments respectively. A linear relationship  resulted 
showed that OTA–radio  destruction rate was2.26 (µg.kg-1) per  one irradiation dose (kGy) whereas by roasting 
the rate decreased to 1.69 (µg.kg-1) per  min . for roasting at 2000C. These results are in good harmony with 
those obtained by Flávio et al (2011), Also, Cramer et al (2008) showed that toxicity of OTA-residual  after 
treatments are  less than OTA itself. 

However, green coffee does remain under review and there is provision for annual reporting on OTA 
occurrence and prevention measures. La Pera, et al (2008) they also noted that thermal treatments do not 
completely eliminate OTA. Usually roasting use ,but it can be  decreased OTA in the range 30 to 90% .  These 
discrepancy in the efficiency of the technique for OTA decontamination may be due to the initial OTA in 
contaminant samples , the moisture content ,and the condition of process and the heat system .The difference in 
OTA  reduction between the two roasting  treatments depended on the heat diffusion in coffee beans, while the 
thermal diffusion affected only the external bean layer  in the short time treatment (Castellanos- et al. 2011) The 
roasting effects may be due to physical removal of OTA with chaff, isomerization at the C-3 position into 
another diastereomer, (Van der Stegen et al, 2001). The explanation of OTA may be due to direct effects by 
thermal or irradiation as destroying the side groups in OTA structure as OH. or O. or indirect effects on water 
content to produce free radical to interact with side groups in OTA (Deberghes et al., 1993,and  Deberghes et 
al., 1995). On the other side, Irradiation may be destroy OTA to other compounds which responsible for 
increasing  the free radical as showed in Fig (3). Our results are in agreement with  Castellanos- et al (2011).  

ESR- Results revealed also that green coffee beans powder gave a sharp and a clear signal with 
spectroscopic splitting factor (g-factor) of g┴ = 2.00663 This  signal ascribed to free radical induced free 
radicals in cellulose. EN 1787 refers that signals due to the presence of a "cellulose type" radical is attributed to 
Mn(II) ions under the main paramagnetic feature with a separation of about 6 mT and centered around G = 
2.004. The initial signals are  naturally  of  coffee beans after harvest due sunrays which can extend some years 
as showed by Ikey et al, (1989). ESR –signals value can express for the quality of coffee mainly the perioxides, 
as showed by Ikey, (1989). 

Also,after roasting,ESR-signals may be attributed to quinone-like products present in almost all vegetable 
as reported previously by Bhushan, and  Bhat, (1994). Results of ESR also indicated that signal intensity is a 
dose-dependent which increase by using the higher dose (10 kGy) of γ radiation which may be due to  its  
generation of higher level of free radical .Same results were obtained by workers (Nehlig  and , Debry ,1994, 
Susan et al,1995) .Who, confirmed these results and added that caffeine is caused an increase by approximately 
two fold the slope of the dose-response curve for induction of  mutants by γ radiation .ESR- results were 
depending dose or temperature ,these relationship was linear as obtained  with high significant correlation 
coefficient(R2).  

The results in our investigate indicated that the ESR were in high intensity in roasted coffee at long period 
(20 min at 2000C) . In this respect Murkovic and  Derler, (2006) and Brezova et al., (2009) reported that signal 
was attributed to a product of the Maillard reaction and assigned to protein-bound 1,4-bis (5-amino-5-carboxy-
1-pentyl)-pyrazinium radical representing an undesired by-product of the Maillard reaction,. Our results showed 
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that the effect is suppressed upon increasing the roasting treatment and are in good harmony with those  found 
by Summa et al., (2007) who added that  heat treatment and temperature degree  have an effect on the intensity 
of the level of  free radical.Results also showed that the level of free radicals  in irradiated samples were higher 
by approximately six fold than roasted coffee samples in contrary with the previously observations obtained by   
Bhushan et al., (2003). They added that common practices of roasting and powdering were found to generate 
quantitatively more free radicals in coffee beans than gamma-irradiation. Moreover, heated food systems 
contain hundreds of chemical compounds which play a role as a source of free radicals as reported by Duarte et 
al, (1999), and Andueza, et al, (2004). They added that coffee exposed to roasting and broiling conditions 
possess net mutagenic activity as well as nonenzymic browning (Millard  and Caramelization) reactions (Jing 
and Kitts,. 2002). The dangerous of these reactions were Summaries  by Cammerer and Kroh, (2006) that the . 
melanoidins  may be due to Heterocyclic aromatic amines (HCA), polycyclic aromatic hydrocarbons (PAHs) 
which  produce either during cooking or roasting coffee at high temperature over 150°C. On the other hand the 
optimum antioxidant content was found for medium-roasted samples (Del Castillo et al. 2005 and Stalmach et 
al., 2006) 

 
Conclusion: 

ESR-signals  can be used as indicator for coffee safety and quality we can conclude that using γ-irradiation 
alone considered  more practical in reducing OTA in green coffee beans while  roasting is a safer method for 
brown coffee. The presence of ESR- signals due to free radicals in coffee is not a reason to reject the irradiated 
coffee because even the green coffee gives free radical naturally. So, irradiation still more safe  due to keeping 
flavor and no loss of antioxidants but need further research to know the safe level of free radical in roasted 
coffee beans for human consumption. 

 
Table 2: Ochratoxin  A level in commercial coffee beans 

Roasted coffee beans Green coffee beans 
OTA (µg.kg-1) Samples NO    OTA (µg.kg-1) Samples NO  
5.11 1 3.12 1  
1.14 2 2.07 2 
0.10 3 0.0 3 
1.70 4 5.54 4 
2.30 5 0.0 5 
3.90 6 2.70 6 
2.38±1.8 Average ±SD 2.24±1.52 Average ±SD 

             
Table 3: OTA reduction bean after irradiation and roasting treatments 

Treatments OTA (µg.kg-1) Reduction(%)*       Linear equation R2 
   Control 5.54±0. 2 ------ ----- --- 
---Irradiation dose( 
--5.0     kGy 
--10.0   kGy 

1.13±0.10 
1.02±0. 20 

 

79.60%* 
81.59* 

 
y=2.26x+7.1 0.80 

-Roasting (2000 C) 
Short time 7-10min.. -
Long time 20 min.. --

 

 
2.92±0. 30 
2.17±0.10 

 
 

 
47.29%* 
60.83%* y=1.685x+6.9 

 
 

0.91 

*Reduction(%) = Control -OTA content –sample –OTA content/ control content X100. 
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Fig. 2: Reduction (%) of OTA in green coffee bean samples after using irradiation(5.0 ,10.0 kGy) and roasting 

treatments {roasting at 2000C for 10.0 min.(Roasting short time =RST) and for 20 min. Roasting long 
time (RLT).} 
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Table 4: ESR-intensity of treated green coffee bean samples 
 Treatments ESR-intensity g-value 
Control(after grinding) 41 1,0* Linear equation R2 2.00994±0.0001 
Irradiation : 
-5.0 kGy 
-10.0 kGy 

 
673 
726 

 
16.4 
17.7 

 
y=342.5X-205 
 

 
0.807 
 
 

 
2.00964±0.0001 
2.00976±0.0002 

Roasting:2000C 
-Short time -10 min. 
-Long time -20 min. 

 
74 
112 

 
1,8 
2.73 

 
y=35.5X+4.67 
 

 
0.998 
 

 
2.00933±0.0001 
2.00933±0.0002 

*Intensity of treated samples/ intensity of control samples 
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Fig. 3: ESR of Coffee green beans samples after roasting process at 2000C for different periods. 
            (A=20 min., B= 10min and C=control ). 
 

 
 
Fig. 4: ESR of irradiated Coffee green beans samples. At different doses 
            (A=10.0kGy, B=5.0kGy and, C= Control) 
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