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ABSTRACT 
 

Green, light, medium and dark roasted coffee beans were used in the powder 
form to identify polyphenols by HPLC. Eleven components were identified in green, 
light and dark coffee roasted powder. Para Coumaric,  Ferulic, Salicylic and  
Cinnamic acids were absent in medium roasted coffee powder. Polyphenol extract 
was more effective for the inhibition of lipid peroxidation than caffeine and  
mixture of polyphenols and caffeine. Antioxidant capacity by 2,2

ˉ
-azino-bis (3-

ethylbenzothiazoline-6-sulfonic acid cation radical (ABTS
+ 

) showed a higher 
percentage of inhibition for polyphenols of green coffee (86.09 %) than light (82.67 
%), medium (81.14 %) and dark (79.43 %). Caffeine of dark coffee samples has the 
lowest value of inhibition (72.0 %) followed by medium coffee sample (72.95 %) then 
light sample (75.05 %), finally the green coffee sample (77.34 %). It seems that 
oxidative activity was affected with two factors: temperature and period of roasting. 
 

INTRODUCTION 
 

Antioxidants play an important role in preventing or delaying 
autooxidation and have attracted a lot of attention as food additives. Both 
synthetic and natural antioxidants are widely used in many food products. 
Natural antioxidants have been developed since past decade, mainly 
because of the increasing limitations on the use of synthetic antioxidants. In 
general, natural antioxidants are prefered than synthetic ones because of 
their safety and friendship to the environment. There has been a growing 
interest in replacing them with natural ingredients because of the toxicity of 
synthetic antioxidants. Now, it is well known that the use of some common 
synthetic antioxidants such as butylated hydroxy anisole (BHA) and butylated 
hydroxy toluene (BHT) has become controversial issue because of adverse 
toxological effect. Hence, in recent years, the evaluation of antioxidative 
activity of naturally occurring substances has been of interest (Imaida et al., 
1983). 

The coffee plant belongs to the genus of Coffea (Rubiaceae family). 
Coffee is a giant global industry and ranks second only to petroleum in terms 
of dollars traded worldwide. Presently, coffee production is about 6.3 million 
tons, with Brazil and Colombia contributing to nearly 44 % of these figures 
(Madhava Naidu et al., 2008). 

Coffee is known to be a rich source of compounds with potent 
antioxidant activity. In a study performed with rats, it was observed that 
feeding rats with coffee brew resulted in an increase of the total antioxidant 
capacity of the plasma (Somoza et al., 2003). 

A major contributor to the antioxidant activity was identified as N-
Methylpyridinium, a recently discovered alkaloid that is present in roasted 
coffee in concentrations of up to 0.25 % on a dry weight basis (Stadler et al., 
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2002). Moreover, coffee consumption has been associated with reduced 
incidences of several types of cancer (Leitzmann et al., 2007); Tavani and 
La-Vecchia, 2000), liver Cirrhosis (Tverdal and Skurtveit, 2003) and type 2 
diabetes (Van Dam and Feskens, 2002). The antioxidant capacity of coffee 
has been attributed to its content of polyphenols and melanoidins (Anese and 
Nicoli, 2003; Delgado-Andrade and Morales, 2005 and Yen et al., 2005). 
Acrylamide and melanoidins are both Maillard reaction products (MRPs) 
formed during the roasting of coffee, typically conducted at temperatures 
between 220 and 250 

o
C. Theoretically, any attempt to inhibit the Maillard 

reaction as a possible measure to minimize the formation of acrylamide 
would lead to a reduction of the antioxidant capacity of coffee (Summa et al., 
2006). 

More intense roasting, i.e. greater thermal load, of coffee beans has 
been considered as a way to decrease the concentration of acrylamide in 
coffee, albeit with a major impact on the organoleptic properties and 
consequently acceptability of the product. However, the reduction in the 
concentration of acrylamide with darker degrees of roasting is accompanied 
by a reduction of the radical scavenging capacity of coffee. Furthermore, 
temperature, time and the speed at which coffee is roasted have an important 
impact on the organoleptic properties of coffee and under extreme conditions 
could generate other "undesirable" compounds. In this study, a trial was 
carried out to identify and determine the major components of polyphenols in 
green, light, medium and dark coffee beans. Also, radical scavenging activity 
was expressed as the inhibition percentage. Separated caffeine, polyphenol 
and mixture of both, in different concentrations, were used to retard the 
autooxidation of sunflower oil.  

 

                                    MATERIALS AND METHODS 
 

Sampling 
1- Green coffee sample was purchased from local market. 
2- Light roasted coffee powder: green coffee (0.5 kg) was roasted at 160 

o
C 

for 2 hrs. and milled, at the Laboratory. of Agric. Chem., Fac. of Agric., 
Mansoura Univ.  

3- Medium roasted coffee powder: green coffee (0.5 kg) was roasted at  
160 

o
C for 5 hrs. exactly as described before. 

4- Dark roasted coffee powder (commercial sample): green coffee (0.5 kg) 
was roasted and milled in the market by their own procedure. 

 
Routine analysis: 

Moisture, ash, protein, lipid and carbohydrates contents for all samples 
were determined according to the method of A.O.A.C. (2000). 
 
Reliminary phytochemical tests: 

Preliminary phytochemical tests were carried out on the samples under 
investigation, to detect the presence of terpenes, tannins, flavonoids, 
saponins, alkaloids, carbohydrates, phenolic glucosides and resins as 
reported by Harborne (1988). 
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Identification of polyphenols by HPLC: 
Phenolic compounds of the forementioned samples were extracted 

according to the method of Ben-Hammouda et al. (1995). Identification of 
individual phenolic compounds were performed on a Hewlett-Packard HPLC 
(Model 1100). Eleven standard phenolic compounds were used namely 
Catechin, P-hydroxy benzoic acid, Chlorogenic acid, Caffeic acid, Syringic 
acid, Caffeine, Vanillic acid, P-Coumaric acid, Ferulic acid, Salicylic acid and 
Cinnamic acid were obtained from Sigma (st. Louis, USA) and Merck-
Schuchardt (Munich, Germany). Reagents and solvents used were specific 
for HPLC spectral grade. 
 
Evaluation of antioxidant activity of caffeine and polyphenols of coffee 
bean samples: 

Caffeine and polyphenols of green coffee beans, light, medium and 
dark were extracted using the method of A.O.A.C. (2000) for caffeine and the 
method of Singleton and Rossi (1965) for polyphenols. Separated samples of 
caffeine, polyphenols and mixture of caffeine and polyphenols in the ratio of 
1:1 (wt/wt) were used for the evaluation of antioxidative activity by two 
means: 
 
Determination of antioxidant capacity by 2,2

ˉ
-azino-bis(3- 

ethylbenzothiazoline-6-sulfonic acid) cation radical (ABTS
+ 

) : 
ABTS

+
 assay based on the method of Re et al. (1999) with slight 

modifications. ABTS
+
 solution was added to MnO2 solution, then shaked and 

centrifuged for 10 min., clear supernatant was separated. Investigated 
samples were prepared (separately) as follow: 

Exactly 1 mg of methanolic extract (ME) was dissolved in mixture of 
methanol and phosphate buffer 0.1 M, pH 7.0 in the ratio of 1:1. Resultant 

solution (20 l) was added to ABTS
+
 solution, as described before. Blank 

sample was prepared exactly in the same manner but differ only in the 

addition of 20 l of 2mM ascorbic acid, instead of investigated sample-buffer 
solution. 

Absorbance of resulting green-blue color was measured at 734nm. 
Decrease in absorbance is expressed as a percentage of inhibition which 
was calculated from the following equation: 

 

                                                       ABlank  -  ATest 
% Inhibition = ------------------- x 100 

                                                             ABlank 
 

Effect of caffeine, polyphenols and their mixture on the stability of 
sunflower oil: 

Extracted caffeine, polyphenols or a mixture of them were added 
separately to sunflower oil in concentrations of 1000, 3000 and 6000 ppm. 
The experiments were carried out as follows: 

Exactly 25 g of crude sunflower oil sampls were placed in 120 x 30 mm 
Petri dishes and the calculated ppm values were added to each oil sample 
and well stirred to ensure uniform distribution in the oil. Another experiment 
was performed using the synthetic antioxidant 100 ppm BHT. A control 
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experiment (sunflower oil without any addition) was also conducted in the 
same manner.All samples were incubated at 60 

o
C (Alaiz et al., 1995) for 20 

days. Peroxide values (PV) were determined daily to measure the stability of 
oil samples according to IUPAC (1987). 
  Protection index (PI) was calculated according to the following 
equation (Alaiz et al., 1995): 
 

PI = 100 - [100 (PVME – PVBHT) / (PVcontrol – PVBHT)] 
 

Where: PVME, PVBHT and PVcontrol are peroxide values of treated oils with ME, 
BHT and control sample, respectively. 

 

RESULTS AND DISCUSSION 
 

Chemical composition of green and roasted coffee beans: 
 Samples under investigation were used for the determination of: 
moisture, ash, protein, lipid, total carbohydrates and caffeine. The proximate 
composition of green and roasted coffee beans is shown in Table (1). 
Moisture of green coffee samples represents approximately 11.52 % with the 
highest value for the green sample and the lowest value for the dark sample. 
Moisture levels are within the range of 8.5-13.0 % as reported by Clarke 
(1985). After roasting moisture levels decreased to an average of 3.85, 2.15 
and 1.63 % for light, medium and dark coffee powder, respectively. Ash 
contents were 5.15, 5.68, 5.98 and 5.63 % for green, light, medium and dark 
coffee respectively. Protein levels for green coffee sample were 15.93 %, 
16.19 % for light coffee, 17.96 % for medium and 16.84 % for dark coffee 
powder. These values are within the range of 11.0-16.5 % as reported by 
Macrae (1985) and Oliveira et al., (2006). Difference in protein levels may be 
due to the difference in moisture contents as described before. It is worthy to 
state that these results were based on the determination of crude nitrogen, so 
they include caffeine and other nitrogenous compounds. The lipid contents 
were found to be different among green, light, medium and dark coffee. 
Medium and dark coffee powder had higher oil contents than those of light 
and green coffee. The lipid contents ranged from 9-15 % as stated in 
literature (Turatti, 2001 and Oliveira et al., 2006). Total carbohydrates were 
ranged between 53.5 and 60.00% as shown in Table (1). From the same 
table caffeine was represented 1.37, 1.47, 1.55 and 1.97 % for green, light, 
medium and dark coffee, respectively. These levels of caffeine were in 
agreement with those obtained by Paulo Mazzafera (1999). Differences in the 
levels of caffeine may be due to differences of moisture contents. 
 

Table (1): Some chemical composition content (gm/100g dry basis). 
Some chemical composition 

  Sample 
Green  

Roasted coffee beans 

Light  Medium  Dark  

Moisture  11.52 3.85 2.15 1.63 

Ash  5.15 5.68 5.98 5.63 

Protein  15.93 16.19 17.96 16.84 

Lipid  13.91 15.15 16.67 15.91 

Total carbohydrate  53.50 59.14 57.24 60.00 

Caffeine  1.37 1.47 1.55 1.97 
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Preliminary phytochemical tests: 
 Obtained data indicated the presence of terpenes, tannins, 

flavonoids, alkaloids, carbohydrates, phenolic glycosides, polyphenolic 
compounds and caffeine. On the other hand, saponins and resins were 
absent in all samples as shown in table (2). 
 
Table (2): The preliminary phytochemical tests of crude methanolic 

extract of coffee beans. 

 
Tests 
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Green  + + + - + + + + + - 

Light + + + - + + + + + - 

Medium  + + + - + + + + + - 

Dark + + + - + + + + + - 

 
Identification of polyphenols of investigated samples using HPLC 
technique: 

Technique of HPLC was used for identification and determination of 
polyphenolic compounds in coffee beans (green, light, medium and dark 
roasted samples). 

Eleven polyphenolic compounds were available as authentic samples 
namely Catechin, Caffeine, P-hydroxy benzoic, Chlorogenic, Caffeic, 
Syringic, Vanillic, Coumaric, Ferulic, Salicylic and Cinnamic acids. 

Obtained data revealed that 25, 26, 27 and 25 compounds with 
different retention times were detected in HPLC chromatograms of green 
coffee beans, light, medium and dark roasted samples, respectively. 

Table (3) indicated clearly that all investigated samples contained 
Catechin, Caffeine, P. hydroxy benzoic, Chlorogenic, Caffeic, Syringic and 
Vanillic acids with different concentrations. From the same table it could be 
noticed that P. Coumaric, Ferulic, Salicylic and Cinnamic acids were found in 
green and roasted coffee at the market and also in the roasted light sample, 
while they were absent in the medium roasted sample. This absence of 
previous mentioned compounds may be attributed to the effect of roasting 
time (5 hrs.) as reported by Sacchetti et al., (2009); Parliment (2000); 
Steinhart et al., (2002) and Duarte et al., (2005). They concluded that 
polyphenols content was observed decreasing with roasting. It is worthy to 
mention here that , dark roasted coffee bean sample obtained from the local 
market was prepared by heating at higher temperature for shorter time. 

Also, Del Castillo et al. (2002) found that, during the roasting process, 
the naturally occurring polyphenol constituents are transformed to a complex 
mixture of Maillard reaction products. 
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Table (3): Identification of polyphenols of green, light, medium and dark 
roasted coffee beans using HPLC technique. 

Components  
Green 

Roasted coffee beans 

Light Medium Dark 

Rt. Area% Rt. Area% Rt. Area% Rt. Area% 

Catechin  2.42 6.63 2.43 7.41 2.46 7.05 2.48 4.80 
P.oH Benzoic acid 2.65 1.55 2.64 1.06 2.63 0.87 2.59 0.47 

Chlorogenic acid 2.73 35.11 2.73 21.74 2.73 8.80 2.73 7.37 

Unknown 2.85 7.40 2.15 0.39 2.14 0.83 2.15 0.26 

Unknown 3.30 0.91 2.32 1.12 2.27 0.68 2.38 1.80 

Caffeic acid 3.31 2.25 3.32 2.89 3.32 4.03 3.32 2.57 

Syringic acid 3.85 0.51 3.85 1.29 3.82 0.42 3.85 1.21 

Caffeine  4.02 3.55 4.02 3.61 4.00 2.28 4.02 3.49 

Unknown 4.36 14.04 4.37 27.48 4.37 25.37 4.36 40.74 

Vanillic acid 4.40 11.30 4.49 5.00 4.40 3.05 4.44 17.49 

Unknown 4.66 7.80 3.37 1.90 2.77 1.12 3.39 1.23 

Unknown 5.19 0.44 3.62 2.08 2.84 6.02 3.64 2.33 

Unknown 5.67 4.44 2.85 6.90 3.42 0.52 2.82 4.66 

Unknown 6.10 0.40 4.57 7.58 3.50 2.40 4.99 3.25 

P. Coumaric acid 6.23 0.26 6.25 0.47 --- --- 6.24 0.55 

Unknown 6.30 0.11 4.97 3.18 3.63 1.67 5.36 1.20 

Ferulic acid 6.41 0.02 6.35 0.16 --- --- 6.33 0.49 

Unknown 6.54 0.39 5.68 3.19 3.70 1.04 5.67 1.86 

Unknown 6.71 0.52 6.72 0.38 3.77 0.40 6.08 0.58 

Salicylic acid 6.85 0.35 6.86 0.04 --- --- 6.87 0.31 

Unknown 6.99 0.37 7.03 0.72 4.12 0.41 7.03 1.17 

Unknown 7.59 0.28 8.55 0.22 4.16 0.31 7.58 1.38 

Unknown 8.70 0.60 8.62 0.10 4.18 0.26 8.53 0.42 

Cinnamic acid 8.82 0.11 8.89 0.13 --- --- 8.82 0.13 

Unknown 9.07 0.69 9.06 0.14 4.20 0.25 8.61 0.27 

Unknown --- --- 9.11 0.82 4.23 0.30 --- --- 

Unknown --- --- --- --- 4.41 25.50 --- --- 

Unknown --- --- --- --- 4.97 2.98 --- --- 

Unknown --- --- --- --- 5.28 0.31 --- --- 

Unknown --- --- --- --- 5.35 1.02 --- --- 

Unknown --- --- --- --- 5.68 2.12 --- --- 
 

Chlorogenic acid was the main component of polyphenols and reached 
35.11, 21.74, 8.80 and 7.37 % for green coffee beans, light, medium and dark 
roasted samples, respectively. Difference in concentrations of chlorogenic 
acid may be due to the effect of heat and time of roasting. Our findings about 
identification of polyphenols from green coffee beans, roasted coffee 
obtained from local market, roasted coffee in Laboratory for different periods 
i.e. 2 and 5 hrs. were in agreement with those reported by Naidu et al. (2007). 
They stated that green coffee contained polyphenols such as ferulic and 
caffeic acids, while chlorogenic acid was the main compound and their 
concentrations varied according to the species and roasting time. 

Clifford (1999) and Daglia et al., (2000) concluded that every 1 % 
reduction in dry matter, 8-10 % of chlorogenic acid is lost subsequently. 
Green coffee beans had a higher chlorogenic acid content than roasted 
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beans which was then reflected in higher antioxidant activity of green coffee 
beans as compared to roasted coffee beans. 
 
Antioxidant capacity determined by (ABTS

+
) cation radical : 

The capacity of caffeine and polyphenols extracts of green coffee, light, 
medium and dark roasted samples to scavenge the ABTS

+
 radical were 

determined separately and compared with the reduction of ascorbic acid as 
control sample which is known as a strong reducing agent. 

From table (4) and Figures (1 and 2), it could be seen that all extracts 
showed different degrees of inhibition capacity, but their capacities were less 
than ascorbic acid which had the maximum inhibition (91.41 %). 

The same table indicated clearly that extracts of polyphenols for all 
samples had the absorbance values of 0.073, 0.091, 0.099 and 0.108 with the 
values of 86.09, 82.67, 81.14 and 79.43 as percentage of inhibition, for green 
coffee, light, medium and dark roasted samples, respectively. 

On the contrary, the absorbance values of caffeine for all samples had 
the values of 0.119, 0.131, 0.142 and 0.147 with the values of 77.34, 75.05, 
72.95 and 72.00 as percentages of inhibition for green, light, medium and 
dark roasted samples, respectively. 
 
Table (4): Reducing power of caffeine and polyphenols extracts from 

green, light, medium and dark roasted coffee beans. 
Extract Sample  Absorbance at  734 nm % Inhibition 

Caffeine  

Green 0.119 77.34 

Light  for 2hrs 0.131 75.05 

Medium  for 5hrs 0.142 72.95 

Dark (local market) 0.147 72.00 

Polyphenols 

Green 0.073 86.09 

Light  for 2hrs 0.091 82.67 

Medium  for 5hrs 0.099 81.14 

Dark (local market) 0.108 79.43 

 
Finally it could be concluded that all extracts of polyphenols had a higher 

inhibition capacity as percentages compare with caffeine. Also, polyphenols and 
caffeine extracts from green coffee had the highest values of inhibition as 
percentage than those of all roasted samples. 

From the same table it could be observed that polyphenols and 
caffeine extracts of roasted coffee at the market (dark) had the lowest values 
of inhibition, this may be attributed to the effect of high temperature which 
used in roasting. Del Castillo et al. (2002) reported that during the roasting 
process, the naturally occurring polyphenolic constituents are transformed to 
a complex mixture of Maillard reaction products. Castellucio et al. (1995) 
when they used the ABTS

+
 method, stated that light or medium roasted 

coffee have been shown higher antioxidant activity, which was in agreement 
with our finding. 
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Fig.(1): Antioxidant activity of 
caffeine extract of green 
and roasted coffee beans 
by the reaction with 
(ABTS

+
) cation radical. 

 
 
 
 

Fig. (2): Antioxidant activity of 
polyphenols extract of 
green and roasted coffee 
beans by the reaction with 
(ABTS

+
) cation radical. 

 
Caffeine and polyphenols extracted from coffee beans as natural 
antioxidants: 

 This trial was carried out to evaluate the effect of caffeine and 
polyphenols extracted from roasted coffee beans obtained from local market 
on the inhibition of lipids peroxidation. Peroxide value was taken as a good 
parameter to evaluate the stability of sunflower oil during incubation at 60 

o
C 

for 20 days. Peroxide value for fresh sunflower oil sample was 6.30 meq 
O2/kg oil. 

Tables (5, 6 and 7), show the peroxide values of control and treated 
samples with 100 ppm BHT as synthetic antioxidant, caffeine, polyphenols 
and mixture of caffeine and polyphenols methanolic extract as natural 
antioxidants in different concentrations, i.e. 1000, 3000 and 6000 ppm. 
Obtained data of peroxide values were divided by the peroxide value of fresh 
sunflower oil sample (6.30). 

From the same table, it could be concluded that calculated peroxide 
value for the untreated sample (control) increased gradually from 1.09 after 
one day to a maximum value of 286 after 13 days from the beginning of 
incubation at 60 

o
C. 

Peroxide values of the control sample were continually decreased after 
14 days till the end of the experiment i.e. (259.84, 215.81, 194.35, 165.58, 
158.61, 154.06 and 111.25 after 14, 15, 16, 17, 18, 19 and 20 days, 
respectively). 
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Table (5): Peroxide values of control and treated samples with BHT and 
caffeine in different concentrations divided by the peroxide value 
of fresh sunflower oil (6.30) during incubation at 60 

o
C for 20 

days.     

Days  Control  BHT (ppm) 100 
Caffeine (ppm) 

1000 3000 6000 

1 1.09 1.09 1.09 1.09 1.09 

2 4.57 2.35 2.83 2.72 2.37 

3 14.87 4.86 11.73 10.74 9.79 

4 22.06 7.62 21.35 19.71 19.59 

5 30.95 9.64 29.67 22.73 21.42 

6 45.96 12.44 44.71 43.07 42.45 

7 49.97 18.39 47.30 45.44 40.40 

8 74.01 19.65 71.30 69.99 68.54 

9 87.09 22.93 75.30 66.12 63.20 

10 147.99 23.09 146.88 145.58 129.76 

11 169.07 23.68 152.22 161.83 144.70 

12 251.31 27.77 198.90 199.32 162.37 

13 286.08 36.22 224.46 219.70 213.25 

14 259.84 32.14 254.13 233.11 233.99 

15 215.81 46.20 206.38 204.86 200.39 

16 194.35 49.82 174.46 109.48 160.43 

17 165.58 58.61 115.12 103.87 95.57 

18 158.61 58.66 154.27 144.83 137.21 

19 154.06 94.32 131.74 126.06 113.37 

20 111.25 51.82 102.73 100.26 97.46 

 

Table (6): Peroxide values of control and treated samples with BHT and 
polyphenols in different concentrations divided by the peroxide 
value of fresh sunflower oil (6.30) during incubation at 60 

o
C for 

20 days.     

Days  Control  BHT (ppm) 100 
Polyphenol (ppm) 

1000 3000 6000 

1 1.09 1.09 1.09 1.09 1.09 

2 4.57 2.35 2.86 2.58 2.56 

3 14.87 4.86 9.77 9.22 6.73 

4 22.06 7.62 13.82 12.47 8.93 

5 30.95 9.64 13.48 10.82 9.89 

6 45.96 12.44 20.49 18.41 16.63 

7 49.97 18.39 27.62 26.54 24.79 

8 74.01 19.65 40.82 38.99 38.41 

9 87.09 22.93 71.82 62.43 59.43 

10 147.99 23.09 98.02 86.94 71.54 

11 169.07 23.68 119.63 93.64 92.11 

12 251.31 27.77 186.21 176.71 155.59 

13 286.08 36.22 230.43 203.66 196.94 

14 259.84 32.14 220.97 212.17 207.53 

15 215.81 46.20 202.51 191.14 188.87 

16 194.35 49.82 163.07 156.16 151.93 

17 165.58 58.61 127.27 103.27 99.67 

18 158.61 58.66 131.29 127.66 122.07 

19 154.06 94.32 111.29 106.47 89.65 

20 111.25 51.82 105.60 94.93 84.95 
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Resultant decrease in peroxide values may be attributed to the 
decomposition of the formed peroxides to short chain aldehydes and 
carboxylic acids (Lea, 1962). 

Treated sample with BHT in concentration of 100 ppm showed a 
remarkable effect for antioxidative activity where, peroxide value was 2.35 
after two days of incubation while, the control sample was 4.57. The 
percentages of reduction in peroxide value when compared with untreated 
sample (control) at the same period of incubation represented 48.58 %. 
Peroxide values of treated samples with caffeine in concentrations of 1000, 
3000 and 6000 ppm for the same period were 2.83, 2.72 and 2.37, 
respectively. 
 
Table (7):  Peroxide values of control and treated samples with BHT and 

mixture containing caffeine and polyphenols 1:1 in different 
concentrations divided by the peroxide value of fresh 
sunflower oil (6.30) during incubation at 60 

o
C for 20 days.     

Days  Control  BHT (ppm) 100 
Caffeine and polyphenols (1:1)  (ppm) 

1000 3000 6000 

1 1.09 1.09 1.09 1.09 1.09 

2 4.57 2.35 3.96 3.69 3.36 

3 14.87 4.86 10.28 8.28 8.05 

4 22.06 7.62 15.50 13.39 12.04 

5 30.95 9.64 24.88 22.44 20.01 

6 45.96 12.44 39.80 36.52 32.51 

7 49.97 18.39 45.48 35.41 35.15 

8 74.01 19.65 52.81 47.58 47.14 

9 87.09 22.93 58.67 57.45 56.49 

10 147.99 23.09 138.29 118.17 111.55 

11 169.07 23.68 166.97 148.07 138.63 

12 251.31 27.77 243.63 210.97 206.57 

13 286.08 36.22 277.24 263.01 254.74 

14 259.84 32.14 253.58 241.69 232.53 

15 215.81 46.20 194.35 180.22 176.27 

16 194.35 49.82 186.55 161.29 155.30 

17 165.58 58.61 142.40 141.32 138.60 

18 158.61 58.66 144.13 141.38 140.46 

19 154.06 94.32 151.77 143.13 135.16 

20 111.25 51.82 109.15 103.13 100.98 
 

For further incubation time, peroxide value of treated sample with BHT 
raised gradually. For instance, after 8 days of incubation, peroxide value was 
19.65, this value still less than the peroxide value of the untreated sample 
(control) at the same period. The percentage of reduction represented 73.45 
%. After 14 days of incubation the percentage of reduction in peroxide value 
for treated sample with BHT (100 ppm) was 87.63 % compared with 
untreated sample for the same period (control). The addition of caffeine to 
sunflower oil in concentrations of 1000, 3000 and 6000 ppm retarded the 
auto-oxidation of the oil samples under investigation. These reductions 
represented 38.07, 40.48 and 48.14 %, respectively compared with untreated 
sample (control) after 2 days of incubation. For further incubation time, 
percentages of reduction represented 3.66, 5.43, 7.4; 21.53, 23.2 and 25.46 
for oil samples treated with 1000, 3000 and 6000 ppm caffeine and incubated 
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for 8 and 13 days, respectively.When the polyphenols extracted from roasted 
coffee beans were added to the oil samples, the percentage of reduction in 
peroxide values were 37.41, 43.54, 43.98; 44.84, 47.32, 48.10; 19.45, 28.81 
and 31.16 for the concentrations of 1000, 3000 and 6000 ppm, when 
incubated for 2, 8 and 13 days, respectively. On the other hand as shown in 
table (7), oil samples treated with the same previous concentrations of 
mixture containing (caffeine and polyphenols in the ratio of 1:1 w/w) and 
incubated for 2, 8 and 13 days led to a decrease in the peroxide values. 
These percentages of decrease were as follows: 13.34, 19.26, 26.48; 28.64, 
35.71, 36.30; 3.10, 8.06 and 11.00 %, respectively. 

Tables (8, 9 and 10) showed the protection index (PI) of caffeine, 
polyphenols and mixture of both caffeine and polyphenols extracted from 
roasted coffee beans, in different concentrations compared with 100 ppm 
BHT during incubatio for 20 days. 

It could be noticed that the protection index of BHT was 100 % for all 
samples during the experiment periods. Obtained data indicated that the 
protection index for treated samples with extracts under investigation were 
decreased gradually to reach the lowest values after 10 days of incubation 
which represented 0.89 and 1.93 % for samples treated with caffeine in the 
concentrations of 1000 and 3000 ppm, respectively. Meanwhile, the lowest 
value of protection index for sample treated with 6000 ppm was 9.09 % after 
15 days. On the other hand, samples treated with polyphenols had the values 
of protection indexes after 15 days as follows: 7.84, 14.55 and 15.88 % for 
the concentrations of 1000, 3000 and 6000 ppm, respectively. 
 
Table (8): Protection index (PI %) of caffeine extract of roasted coffee 

beans in different conce ntrations compared with 100 ppm 
BHT during incubation at 60 

o
C for 20 days.     

Days  
BHT 100  

(ppm)  
Caffeine (ppm) 

1000 3000 6000 
1 100 100 100 100 
2 100 78.38 83.34 99.09 
3 100 31.36 41.25 49.26 
4 100 4.91 16.06 17.17 
5 100 6.01 38.57 44.72 
6 100 3.27 8.62 10.46 
7 100 8.48 14.34 30.31 
8 100 5.00 7.40 10.06 
9 100 18.37 32.69 37.24 
10 100 0.89 1.93 14.60 
11 100 11.59 4.98 16.76 
12 100 23.45 23.26 39.79 
13 100 24.66 26.57 29.15 
14 100 2.51 11.74 11.35 
15 100 5.56 6.46 9.09 
16 100 13.76 58.72 23.47 
17 100 47.18 57.69 65.45 
18 100 4.33 13.79 21.41 
19 100 37.37 46.87 68.12 
20 100 14.34 18.50 23.19 
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 The lowest values of PI were 1.44, 7.97 and 11.99 % for the samples 
treated with the mixture of caffeine and polyphenols after 11 days for the 
concentration of 1000 ppm and 14 days for the concentrations of 3000 and 
6000 ppm, respectively. Then the values increased gradually to reach the 
highest values of 68.12, 91.04 and 31.64 % for samples treated with caffeine, 
polyphenols and mixture of both in the concentration of 6000 ppm after 19 days 
of incubation, respectively. 

It seems that the activity of BHT to inhibit peroxidation of sunflower oil 
is stronger than those of caffeine and polyphenols of coffee beans extracts, in 
all used concentrations. 

Data in tables (8, 9 and 10) indicated that high concentrations of 
caffeine, polyphenols and mixture of both extracts had stronger effect on the 
antioxidative activity than the lower concentrations i.e. 6000>3000>1000 
ppm. Also, the effect of polyphenols extract was stronger than the mixture 
and caffeine extracts i.e. polyphenols extract>mixture>caffeine. Similar 
results were obtained by many investigators, who reported that the natural 
antioxidants have lower antioxidant activities than synthetic antioxidants 
(Tsuda et al., 1993; Alaiz et al., 1995; Emmons and Peterson 1999 and 
Amarowicz et al., 2000).  
 
Table (9):  Protection index (PI %) of polyphenols extract of roasted coffee 

beans in different concentrations compared with 100 ppm BHT 
during incubation at 60 

o
C for 20 days.     

Days  
BHT 100 

(ppm)  

Polyphenols (ppm) 

1000 3000 6000 

1 100 100 100 100 

2 100 77.02 89.64 90.54 

3 100 50.95 56.44 81.32 

4 100 57.06 66.41 90.93 

5 100 81.98 94.46 98.83 

6 100 75.98 82.19 87.50 

7 100 70.77 74.19 79.73 

8 100 61.06 64.42 65.49 

9 100 23.80 38.44 43.11 

10 100 40.01 48.88 61.21 

11 100 34.01 51.88 52.93 

12 100 29.12 33.37 42.82 

13 100 22.27 32.99 35.68 

14 100 17.07 20.94 22.97 

15 100 7.84 14.55 15.88 

16 100 21.64 26.42 29.35 

17 100 50.75 55.26 70.98 

18 100 27.33 30.97 36.56 

19 100 44.84 85.02 91.04 

20 100 9.51 27.46 44.25 
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Duarte et al. (2005) reported that the BHT showed a maximum 
inhibition of guaiacol oxidation of 56.94 % and coffee brew maximum 
inhibition was 43.79 %. Also, they demonstrated that the coffee beverages 
inhibit lipid damage, and they attributed this effect to the action of 
polyphenols. Richelle et al. (2001) also observed that coffee brews can 
protect against lipid oxidation. In an assay involving measuring low - density 
lipoproteeins oxidation, they demonstrated a decrease in the antioxidant 
capacity of coffee brews with an increase in the extent of roasting. They 
suggest that this capacity was not due to a single polyphenolic compound, 
but returned to the action of several polyphenolic constituents. Nicoli et al. 
(1997) found that coffee brews can suppress lipid oxidation in the Rancimat 
test with the maximum activity in the medium - dark roasted coffee. Daglia et 
al. (2000) analyzing the coffee brew protective capacity against rat liver 
microsomal lipid peroxidation, found that all of the roasted samples gave 
complete protection.  

Finally, it can be concluded that the natural antioxidants may be have 
lower antioxidant activities than synthetic antioxidants, but using the natural 
sources as antioxidants are more safety than BHT for human. 
 
Table (10):  Protection index (PI %) for mixture containing caffeine and 

polyphenols (1:1) in different concentrations compared with 
100 ppm BHT during incubation at 60 

o
C for 20 days.     

Days  
BHT 100 

(ppm)  

Caffeine and polyphenols (1:1)  (ppm) 

1000 3000 6000 

1 100 100 100 100 

2 100 27.48 39.64 54.50 

3 100 45.85 65.83 68.13 

4 100 45.43 60.04 69.39 

5 100 28.48 39.93 51.34 

6 100 18.38 28.16 40.13 

7 100 14.22 46.11 46.93 

8 100 39.00 48.62 49.43 

9 100 44.30 46.20 47.70 

10 100 7.77 23.88 29.18 

11 100 1.44 14.44 20.94 

12 100 3.44 18.05 20.01 

13 100 3.54 9.23 12.54 

14 100 2.75 7.97 11.99 

15 100 12.65 20.98 23.31 

16 100 5.40 22.87 27.02 

17 100 21.67 22.68 25.22 

18 100 14.49 17.24 18.16 

19 100 3.83 18.30 31.64 

20 100 3.53 13.66 17.28 
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 الخضراء والمحمصة كمضادات أكسدة طبيعية بنحبوب الالفينولات العديدة وكافيين 
  ، 1مصوووووووطف   بووووووورا ي  سوووووووند ، 1، صوووووووفاء محمووووووود   ووووووو  1لوووووووويت كامووووووو   وووووووادرت

 2 لاء الدين كام  أحمد  و 2 بد العظي  الشرقاوى أحمد 
 جامعة المنصورة. –ك ية الزرا ة  –قس  الكيمياء الزرا ية  -1
 الجيزة. –الدقي  –مركز البحوث الزرا ية  –الأغذية  كنولوجيا  معهد بحوث -2

 
 فويبون توم تحمي و   –: بن أخضر مطحوون  كالتاليتم إستعمال أربعة عينات من البن وهى 

المعمول  فويم ثم طحن  )بن فاتح( وعينة أخرى تم تحمي واا o 061المعمل لمدة ساعتين على درجة 
ثووم طحناووا )بوون متوسووط( والعينووة احخيوورة تووم تحمي وواا سوواعات  5م لموودة o 061أيضوواع علووى درجووة 

 (.غامقوطحناا بواسطة احسواق بطريقتام الخا ة )بن 
تمت دراسة محتوى العينات احربعة من الرطوبة وأظارت الدراسوة أن عينوة الوبن احخضور 

. وعنود مقالغواتحتوى على أعلى نسبة من الرطوبة تلياا عينوة الوبن التواتح ثوم المتوسوط وأخيوراع الوبن 
%(  07,96ن المتوسووط )%( والووب 05,99تقوودير البووروتين وجوود أن الووبن احخضوور يحتوووى علووى )

%(. أموا محتووى  06.09%( وأخيراع كانت نسبة البروتين فوى الوبن التواتح ) 06.81) والبن الغامق
 05.90% فى البن المتوسط ،  06.67% فى احخضر ،  .09.9 كالتاليالعينات من الزيت فكان 
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،  0.97 كالتووالي% فووى الووبن التوواتح. والكووافيين كانووت نسووبة وجووودة  05.05،  الغووامق% فووى الووبن 
 الغوامق، البن المتوسط ثم البن  التاتح% لكل من عينة البن احخضر ، البن  0.97،  0.55،  0.17

 على الترتيب.
التعوورع علووى بعووا مركبووات  أمكوون HPLCيوود الكروموواتوجرافى وبإسووتعمال جاوواز التتر

، فووى حووين  ينووات هووى احخضوور ، التوواتح ، الغووامقع 9مركووب( فووى  00وعووددها ) التينووو ت العديوودة
كيوماريو  ، -أظارت الدراسة أيضاع إختتاء أربعة مركبات من عينة البن المتوسط وهى حواما بوارا

 خيراع حاما السينامي .ولي  ، حاما الساليسيلي  وأيحاما التير
، الكوافيين ثوم  التينو ت العديودةوعند تقدير قوة احكسدة عن طريق إضافة مستخلص كل من 

جووزء فووى المليووون( إلووى عينووة موون زيووت عبوواد  6111،  9111،  0111مخلوووط منامووا بتركيووزات )
يواع لعينوة الزيوت وتقدير رقم البيروكسيد يوميوم  01م لمدة o 61الشمس الخام مع تسخين  على درجة 

. أظاوورت النتووان  أن BHTمخلووق رول وعينووة مضوواع لاووا مضوواد أكسوودة المعاملووة ومقارنتاووا بووالكنت
حتوظ الزيوت مون التودهور ثوم يليو  إلوى عينوة الزيوت يوإدى إلوى  BHTإضافة مضاد احكسدة المخلوق 

لكوافيين وأخيوراع + ا العديودة ويلي  المخلووط الو ى يحتووى علوى التينوو ت التينو ت العديدةمستخلص 
أظاوورت النتووان  أن قوووة احكسوودة  +ABTSمسووتخلص الكووافيين. وعنوود تقوودير قوووة احكسوودة بإسووتعمال 

  أقوى من مستخلص الكافيين. التينو ت العديدةلمستخلص 

 
 قا  ب حكي  البحث

          
 
 
 
 
 
 
 
 
 
 
 

 جامعة المنصورة –ك ية الزرا ة  ح م  ح م   بده الرافع أ.د / 
  ين شمت –الزرا ة  ك ية فاروق جندى معوضأ.د / 


