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ABSTRACT 
 

Antioxidant activity of individual spices as clove (Syzygium aromaticum), black cumin (Nigella sativa), and 
black pepper (Piper nigrum) was determined using (DPPH free radical scavenging assay).  Spices were used to 
manufacture new Mudaffara cheese; their antioxidant activity and sensory acceptability were evaluated. The 
results showed the antioxidant activity of the spicy cheeses was lower than the spices powder and its antioxidant 
activity was not affected by storage temperatures or prolonging the storage period. Spicy Mudaffara cheeses 
could be stored at room temperature with good taste for 4 or 6 weeks according to spices type, while cheese 
should store at refrigerated temperature (7 ± 2°C) to increase the storage period for 8 weeks and to get 
acceptable taste. 

 
Key words: Mudaffara cheese, spices, clove, black cumin, black pepper, antioxidant activity, sensory evaluation,   
                    storage temperature 

 
Introduction 

 
Lipid oxidation occurring in food products is one of the major concerns in food technology. It is responsible 

for rancid odors and flavors of the products, with a consequent decrease in nutritional quality and safety caused 
by the formation of secondary, potentially toxic compounds (Yanishlieva et al., 2006). In order to control lipid 
oxidation of lipids and lipid-containing products, synthetic antioxidants, such as butylated hydroxytoluene 
(BHT), butylated hydroxyanisole, (BHA), and tetra -butyl hydroquinone (TBHQ), are effective in the protection 
of unsaturated fats and oils. Consumers are quite cautious about the quality of their diet and its chemical 
additives and also there is an increasing in the food industry and preventive medicine to replace synthetic with 
those safer, more natural origins. Spices and herbs are used in foods to impart flavour pungency and color. They 
have antioxidant; antimicrobial, pharmaceutical, nutritional properties and can lead to complex secondary 
effects such as salt and sugar reduction improvement of texture and prevention of food spoilage (Uhl, 2000). 
The active components in spices are considered as powerful tools to create a state of wellness such as stimulate 
production of enzymes that inhibit cholesterol synthesis, detoxify carcinogens lower blood pressure block 
estrogen and prevent blood clotting (Uhl, 2000).  

Therefore, it was thought worthwhile to try the use of some Sudanese spices to play the roles as flavour 
enhancers and antioxidative agents to one of most common dairy product such as cheese.  

Cheese making is an important method for milk preservation in dry hot countries where there is a surplus of 
fresh milk. In Sudan, cheese making is based on small-scale production (Abdel-Razig, 2000). with total cheese 
production of 152,000 tons annually FAO, (2003) The major tradition cheese type is a white cheese (Gibna 
Bayda), in addition to Mudaffara and Mish cheeses which are consumed shortly after manufacturing (El- Owni 
and Osman, 2009). Mudaffara cheese is made from raw cow's milk or sheep's milk or a blend of cow's, sheep's 
and goat's milk (Ahmed, 1995). Increasing the demand of Mudaffara cheese in Sudan and its short shelf life at 
room temperature for 15 days, make it so important to improve its taste and quality. The objective of this 
research work was to use some of well-known Sudanese spices which have antioxidant activity such as clove, 
black cumin and black pepper for the manufacture of new Mudaffara cheeses.   

 
Materials and Methods 
 
Materials:                                                                                        

 
Cow's milk was obtained from the herd of Faculty of Agriculture, Cairo University, Giza, Egypt. Clove 

(Syzygium aromaticum), black cumin (Nigella sativa), and black pepper (Piper nigrum) were purchased from 
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the local market, Omdurman, Sudan. Calf rennet powder, Streptococcus thermophilus and Lactobacillus 
bulgaricus were obtained from Chr. Hansen Lab. Copenhagen, Denmark. All reagents such as 2, 2-diphenyl-1-
picrylhydrazyl (DPPH), Folin-Cioccalteu and tetra butylated hydroquinone (TBHQ) were purchased from 
Sigma-Aldrich, Chime, Steinheim, Germany. 

 
Methods: 

 
Cheese making: 

 
The plaited pickled cheese (Mudaffara) was manufactured in a way similar to that applied with Mozzarella 

cheese according to the method described by Al-Khall (1970) and the spices were added, in a powder form to 
the curd after roasted and finely grounded, with different concentrations as 0.2% clove, and 0.5% for both black 
cumin and black pepper. All spicy cheese samples were kept in a pickling solution 8% salt for storage at 
refrigerated temperature and 10% salt for storage at room temperature. The resultant Mudaffara cheeses were 
packaged in glass jars and stored within  the period from mid of May  till the end of August for 8 weeks at 
refrigerated (7±2ºC) and room (30±2ºC) temperatures. The manufactured cheeses were analyzed fresh and after 
4 and 8 weeks of storage for the antioxidant activity and every two weeks for sensory acceptability. Three 
replicated of each cheese cheeses were prepared for further analysis.  
 
Preparation of Water Extract (WE) of spices:  

 
A portion of 100 g of clove, black cumin and black pepper ground samples were suspended in cold distilled 

water (1:4 w/v) and homogenized for 1 min at higher speed of a Waring blender. The mixture was filtered 
through cheesecloth and centrifuged for 15 min at 5000 rpm. The supernatant was filtered through Whatman 
No.1 filter paper and dried by lyophilizer and kept in dark at 4°C until used (Kansoh et al., 2001).  

 
Determination of the antioxidant activity:  

 
Antioxidant activity (DPPH free radical scavenging assay) of the spices powder (clove, black cumin and 

black pepper) was measured individually by using 2, 2-diphenyl-1-picryl-hydrazyl (DPPH) method according to 
Tepe et al., (2005), as mentioned below. and compared with the stable synthetic antioxidant, tetra Butylated 
Hydroquinone (TBHQ). The antioxidant activity of the new Mudaffara cheeses with spices, were also 
determined as follows: One ml of (0.1 mM) ethanolic solution of DPPH was added to 3 ml of different water 
extracts (10-250 μg/ml). After 30 min of incubation at room temperature, the absorbance was measured against 
a blank at 517 nm. Inhibition of free radical DPPH in percent (%) was calculated using the following equation: 

 = (A blank – A sample / A blank) x 100  
Where A blank is the absorbance of the control reaction (containing all reagents except the test extract) and A 

sample is the absorbance in the presence of the tested extract. Tests were carried out in triplicate. 
 

Sensory evaluation:  
 
Fifteen panelists, staff of Dairy Dept., National Research Center and Agriculture Faculty, Cairo University 

(aged between 25 and 45 years) who has experience with Modaffara cheese and regularly used cheese 
descriptive vocabulary, were participated. They scored the cheese for taste (20 points), odor (20 points), color 
(20 points), body & texture (20 points), acceptability (20 points) and total scores (100 points). Panel members 
were also instructed to report any defects or unpleasant flavor. Water and no salted crackers were provided to 
clean their palates between tasting.  
 
Statistical analysis:  

 
 Statistical analysis of experimental data was performed by analysis of (ANOVA) producers using SAS PROC 

GLM / STAT (SAS, 1998). Differences among means were identified using Duncan multiple range test.  
 
Results and Discussion 

 
DPPH radical scavenging activity (%) of the spices powder: 

 
Table (1) shows the DPPH radical scavenging activity (%) of the spices powder under test compared to the 

synthetic antioxidant, tetra Butylated Hydroquinone (TBHQ). The antioxidant activity was significantly 
(P≥0.05) different between the spices under test and the synthetic antioxidant with all the extracts concentration. 



3145 
J. Appl. Sci. Res., 8(7): 3143-3150, 2012 

 

 

Also, the antioxidant activity was significantly (P≥0.05) increased with increasing the spices extracts from 50 to 
200 (µg/ml).  Clove powder has higher antioxidant activity followed by black cumin then black pepper 
compared with the synthetic antioxidant. Yadav and Bhatnagar (2007) reported that cloves showed the highest 
(DPPH) radical scavenging activity compared to all spices under test. Hossain et al. (2008) reported the high 
antioxidant activity of ground clove could be attributed to the eugenol which possesses a single hydroxyl group 
on the phenol group.  

 
Table 1: DPPH radical scavenging activity (%) of different spices powder extracts compared with the synthetic antioxidant (TBHQ). 

DPPH  radical scavenging activity (%) at different concentrations of spices extract (µg/ml) 
 Spices Powder 

200 150 100 50 

86.7 Ba ± 0.51              81.7 Bb ± 0.20               
74.0 Bc ± 0.14 
 
 

69.15Bd± 0.14   Clove  

76.0 Ca ± 0.05          71.0 Cb ± 0.11                    66.4 Cc ± 0.23 61.3 Cd ± 0.63            Black cumin  
69.7 Da ± 0.51 
 
             

66.0 Db ± 0.28 60.6 Dc ± 0.46 58.3 Dd ± 0.11 
Black pepper 
  
 

95.3Aa ± 0.14    89.0 Ab ± 0.25            
81.75Ac± 0.21 
 

76.7 Ad ± 0.11 TBHQ 

Means ± Std Error 
Different capital letters within the same column are significantly different (P≥0.05), different small letters within the same row are 
significantly different (P≥0.05). 

 
The antioxidant activity (%) of clove Mudaffara cheese:  

 
Table (2) shows the DPPH scavenging activity (%) of clove Mudaffara cheese during storage period for 8 

weeks at 30±2 and 7± 2ºC. It was found that the addition of 0.2 % grounded clove during manufacturing the 
Mudaffara cheese, posses a significant increase (P≥0.05) in the antioxidant activity, with increasing the 
ethanolic concentrations from 50 to 200 (µg/ml) for both fresh and stored cheese. These results are in agreement 
with those obtained by Yamaguchi et al. (1998). Also, Shan et al (2011) reported the inhibition of lipid 
oxidation in cheese indicated the extracts of these spices (especially clove) have potential as natural food 
preservatives.  Prolonging the storage from 4 to 8 weeks either at 30±2 or 7±2ºC has no significant effect on the 
antioxidant activity of clove Mudaffara cheese. Bergamo and Fedele (2001) found no correlation between the 
ripening time and the antioxidant activity of some Italian cheeses.  

 
Table 2: DPPH radical scavenging activity (%) of clove Mudaffara cheese during storage for 8 weeks at different storage temperatures. 

DPPH inhibition (%) at different concentrations of cheese extract (µg/ml) 
 

Storage 
period 
(weeks) 

Storage temperature 
(ºC) 200 150 100 50 

81.3 A ± 0.11 71.0 B ± 0.60 62.4 C± 0.31 55.1 D ± 0.28 0 
82.6 A ± 0.20 71.6 B ± 0.16 63.3C ± 0.34 56.7 D ± 0.17 4 

(30±2) 
80.8 A ± 0.20                      70.0 B ± 0.02              61.4C± 0.20 55.5 D ± 0.28             8 
80.6 A ± 0.11               71.3 B ± 0.60              62.7 C ± 0.31 55.0 D ± 0.17                4 

(7±2) 
80.0 A ± 0.31                    70.5 B ± 0.11              61.6 C ± 0.20 54.7 D ± 0.51 8 

Means ± Std Error 
Different capital letters within the same row are significantly different (P≥0.05), different small letters within the same column are 
significantly different (P≥0.05). 

 
The antioxidant activity (%) of black cumin Mudaffara cheeses:  

 
Table (1) and Table (2) show the antioxidant activity (%) of black cumin powder and black cumin 

Mudaffara cheese during storage period for 8 weeks at 30±2ºC and 7±2ºC. It was found that the addition of 
0.5% grounded black cumin during manufacturing of Mudaffara cheese; possess a significant difference 
(P≥0.05) in the antioxidant activity of the fresh cheese that increased from 51.6 to 69.5 with increasing the 
concentration of tested ethanolic extract from 50 to 200 ug/ml. A significant difference (P≥0.05) in the 
antioxidant activity was observed between every two successive concentration of the extract. Also the 
antioxidant activity of the cheese stored at 30±2 or 7±2ºC for 4 or 8 weeks increased significantly (P≥0.05) by 
increasing the concentrations of the extract as mentioned by Burits and Bucar, (2000). No significant differences 
(P≥0.05) in the antioxidant activity of the black cumin Mudaffara cheese stored for 4 or 8 weeks at both 
temperatures (30±2 and 7±2ºC) compared to the fresh cheese. These findings are in agreement with that 
obtained by Lee et al. (2003) who studied the mean of tocopherol for the unfrozen and 3 month frozen soft goat 
cheese.  
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Table 3. DPPH radical scavenging activity (%) of black cumin Mudaffara cheese during storage for 8 weeks at different storage 
temperatures. 

DPPH inhibition (%) at different concentrations of black cumin Mudaffara cheese extract 
(µg/ml) 
 

Storage 
period 
(weeks) 

Storage temperature 
(ºC) 

200 150 100 50 
69.5 A ± 0.37 64.7B ± 0.08 56.6 C± 0.17 51.6 D ± 0.34 0 
70.4A ± 0.28 66.0 B ± 0.52 57.1 C± 0.15 52.0 D± 0.20 4 

(30±2) 
69.0 A ± 0.17                 63.9 B ± 0.28                     55.4 C± 0.34 50.2 D ± 0.34              8 
70.1A ± 0.37                  66.0 B ± 0.08                     57.5 C ± 0.17 52.2 D± 0.63                4 

(7±2) 
69.3 A ± 0.28                 63.9 B ± 0.02            55.4 C ± 0.05 49.6 D± 0.69 8 

Means ± Std Error 
Different capital letters within the same row are significantly different (P≥0.05), different small letters within the same column are 
significantly different (P≥0.05). 

 
The antioxidant activity (%) of black cumin Mudaffara cheeses: 

 
Table (4) shows the DPPH inhibition (%) of black pepper Mudaffara cheese during storage for 8 weeks at 

30±2 and 7±2ºC. It was found that the addition of 0.5% grounded black pepper during manufacturing of 
Mudaffara cheese resulted in significant differences (P≥0.05) in the antioxidant activity of the fresh cheese that 
increased from 48.4% to 65.3% with increasing the concentration of tested ethanolic extract from 50 to 200 
µg/ml. The antioxidant activity of the cheese stored at 30±2 or 7±2ºC for 4 or 8 weeks increased significantly 
(P≥0.05) by increasing the concentration of the extract. This result is in line with that obtained by Burits and 
Bucar (2000). Also, table (4) shows there were no significant differences (P≥0.05) in the antioxidant activity (%) 
of the black pepper Mudaffara cheese stored for 4 or 8 weeks at both temperatures (30±2 and 7±2ºC).  A positive 
significant difference (P≥0.05) was observed in the antioxidant activity of the grounded black pepper powder 
compared to the black pepper Mudaffara cheese and this could be due to the intensive heat treatment of the 
cheese (cooking and plaiting at 80ºC) as reported by Bergamo and Fedele (2001).  

 
Table 4: DPPH radical scavenging activity (%) of black pepper Mudaffara cheese during storage for 8 weeks at different storage 

temperatures. 
DPPH inhibition (%) at different concentrations of black cumin Mudaffara cheese extract 
(µg/ml) 
 

Storage 
period 
(weeks) 

Storage temperature 
(ºC) 

200 150 100 50 
65.3 A ± 0.05 60.2B ± 0.14 54.5 C ± 0.14 48.4D ± 0.31 0 
66.2 A ± 2.68 60.8 B ± 0.33 55.4 C ± 0.13 49.3D ± 0.17 4 

(30±2) 
64.9 A ± 0.23                 59.7 B ± 0.31 53.9 C ± 0.17 48.0D ± 0.31 8 
65.8 A ± 0.05                 60.0 B ± 0.14                54.8 C ± 0.14 48.1D ± 0.25 4 

(7±2) 
64.6 A ± 0.20                 59.1 B ± 0.25                54.0 C ± 0.34 48.4D ± 0.31 8 

Means ± Std Error 
Different capital letters within the same row are significantly different (P≥0.05), different small letters within the same column are 
significantly different (P≥0.05). 

 
The antioxidant activity of spicy Mudaffara cheese was decreased compared with the spices powder as 

shown in Table (1) and Table (2-4). These results could be due to the high heating temperature during cheese 
manufacture. From the same tables, the antioxidant activity of spicy Mudaffara cheese was lower than the 
synthetic antioxidant (TBHQ) which could be due to the chemical composition of the cheese (fat and protein 
contents) and the heat treatment of cheese (cooking at 80 ºC) which makes the cheese more sensitive to the 
oxidation (Bergamo and Fedele, 2001). 

 
Organoleptic evaluation of spicy Mudaffara cheeses: 

 
The changes in the taste of different spicy Mudaffara cheeses: 

 
Data presented in table (5) shows the changes occurred in taste scores of Mudaffara cheese as affected by 

adding different spices during storage at room temperature (30 ±2 ºC) and refrigerated temperature (7±2ºC). It 
could be noticed that spices type has no significant effect on the taste score of fresh or stored Mudaffara cheeses 
at both temperatures. Clove and black pepper Mudaffara cheeses got the highest taste scores after 4 weeks of 
stored at room temperature then decreased significantly  (P≥ 0.05) till the end of the storage period 8 weeks. 
Black cumin Mudaffara cheese got the highest taste scores after 6 weeks of  stored at room temperature , then 
decreased significantly (P≥ 0.05) to the end of 8 weeks. Concerning Mudaffara cheese stored at 7±2 ºC, data 
presented in the same table showed the highest taste scores were obtained with all Mudaffara cheeses after 4 
weeks and cheese stored for 8 weeks got accepted scores also with all types of spices.  
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Table 5: The changes in taste scores of spicy Mudaffara cheese during storage period for 8 weeks at different temperatures   

Storage temperature 
(°C) 

Storage period 
(weeks) 

Cheese samples 

Clove Black cumin 
Black pepper 
 

 
 
 
(30 ± 2) 
 
 

0 16.4 C ± 0.34 16.3 AB ± 0.75 15.8 D ± 0.46 
2 17.2 AB ± 0.40 16.7 AB ± 0.75 16.8 C ± 0.32 
4 17.4 AB ± 0.50 17.4 B ± 0.65 17.4 BC ± 0.58 
6 16.8 B ± 0.32 18.0 A ± 0.41 15.9 D ± 0.59 

8 12.8 E ± 0.68 12.2 D ± 0.62 
12.1 E ± 0.51 
 

 
 
(7 ± 2) 
 

2 16.8 B ± 0.36 17.1 B ± 0.35 17.7 B ± 0.33 
4 17.9 A ± 0.35 18.2 A ± 0.22 18.2 A ± 0.22 
6 17.00 AB ± 0.37 17..8 A ± 0.57 17.4 BC ± 0.44 
8 15.6 D ±0.41 16.0 C ± 0.60 17.8 B ± 0.49 

Means ± Std Error 
Different capital letters within the same column are significantly different (P≥0.05), different small letters within the same row are 
significantly different (P≥0.05). 
 
The changes in the odor of different spicy Mudaffara cheeses: 

 
Data presented in Table (6) shows the changes occurred in the odor of Mudaffara cheese as affected by 

adding different spices during storage at room and refrigerated temperatures (30±2 and 7±2 ºC). Concerning the 
storage at room temperature, fresh black pepper Mudaffara cheese recorded the highest odor scores with 
significant (P≥0.05) differences between clove and black cumin Mudaffara cheese. Clove and black cumin 
Mudaffara cheeses recorded the highest odor scores after second week of storage. Odor scores were decreased 
significant (P≥0.05) with prolonging the storage period compared with fresh cheese.  

At refrigerated temperature, the highest odor scores were recorded after 4 weeks with all types of cheese 
reaching 18.0, 18.3 and 18.2 for clove, black cumin and black pepper Mudaffara cheeses respectively. No 
significant differences were observed between odor scores after 4 or 6 weeks with all cheeses. Positive 
significant differences (P≥ 0.05) were observed with clove and black cumin cheeses compared with fresh 
cheese.  Sagdic et al. (2003) reported that herbs had more positive effect on the odor and appearance of Van 
herby cheese.  

 
Table 6: The changes in odor scores of spicy Mudaffara cheese during storage period for 8 weeks at different temperatures   

Storage temperature 
(°C) 

Storage period 
(weeks) 

Cheese samples 

Clove Black cumin 
Black pepper 
 

 
 
(30 ± 2)  
 
 
 

0 16.9 CDb ± .35 15.7 CDb ± 0.53 17.7 ABa ± 0.33 
2 17.7 B  ± 0.44 16.8B ± 0.57 16.2 B ± 0.32 
4 17.4 C ± 0.47 16.4C ± 0.56 15.7 C ± 0.33 
6 16.1 DE ± 0.45 13.3 E ± 0.50 13.7 D ± 0.29 

8 12.9 F ± 0.54 9.9 F ± 0.26 10.8 E ± 0.28 

 
 
   (7 ± 2) 
 

2 17.0 CD ± 0.38 17.7 AB ± 0.29 17.8 AB ± 0.22 
4 18.0 A ± 0.17 18.3 A ± 0.29 18.2 A ± 0.32 
6 17.8 A ± 0.22 17.3B ± 0.33 17.6 AB ± 0.29 
8 16.3 DE ± 0.33 16.6 C ± 0.34 15.7 C ± 0.50 

Means ± Std Error 
Different capital letters within the same column are significantly different (P≥0.05), different small letters within the same row are 
significantly different (P≥0.05). 

 
The changes in the color of different spicy Mudaffara cheeses: 

 
Table (7) shows the types of spices have no significant differences (P≥0.05) on the color scores of 

Mudaffara cheese either stored at room temperature (30±2ºC) or at refrigerated temperature (7±2 ºC). At room 
temperature, the color scores were decreased to the end of the storage period with negative significant 
differences (P≥0.05) compared to fresh cheeses.   

At refrigerated temperature, the color scores were similar and gradually decreased in all cheeses to the end 
of the storage period 8 weeks and negative significant differences (P≥0.05) were observed compared to fresh 
cheeses. 

 
The changes in body and texture of different spicy Mudaffara cheeses: 

 
Table (8) shows the changes occurred in body and texture of Mudaffara cheese as affected by adding 

different spices during storage for 8 weeks at room and refrigerated temperatures (30 ±2 and 7±2 ºC). Spices 
type did not affect the body and texture of Mudaffara cheese either fresh or stored at different temperatures.  At 
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room temperature (30±2ºC) body and texture scores were decreased gradually after storage for 2 weeks with all 
types of Mudaffara cheeses resulting negative significant differences (P≥0.05) compared to fresh cheese. Fresh 
Mudaffara cheeses obtained the highest body and texture scores with all types of spices.  Body and texture 
scores of all Mudaffara cheeses were decreased gradually after the second week to the end of the cold storage 
period with negative significant differences (P≥0.05) compared to fresh cheeses. 

 
Table 7: The changes in color scores of spicy Mudaffara cheese during storage period for 8 weeks at different temperatures   

Storage temperature 
(°C) 

Storage period 
(weeks) 

Cheese samples 

Clove Black cumin 
Black pepper 
 

 
 
(30 ± 2)  
 
 
 

0 16.1 B ± 0.35 17.0 A ± 0.37 17.4 A ± 0.29 
2 15.4 C ± 0.38 16.6 AB ± 0.47 17.6 A ± 0.29 
4 16.1 B ± 0.45 16.2 B ± 0.4 16.2 CD ± 0.32 
6 14.8 D ± 0.32 14.9 D ± 0.35 14.1 E ± 0.39 

8 13.7 E ± 0.24 14.1 D ± 0.26 13.2 F ± 0.43 

 
 
   (7 ± 2) 
 

2 16.7 A ± 0.41 16.3 AB ± 0.44 17.1 AB ± 0.35 
4 16.6 A ± 0.29 16.4 AB ± 0.44 16.9 AB ± 0.31 
6 15.4 C ± 0.44 15.3 C ± 0.53 15.9 D ± 0.51 
8 14.1 D ± 0.35 15.2 C ± 0.52 14.8 E ± 0.62 

Means ± Std Error 
Different capital letters within the same column are significantly different (P≥0.05), different small letters within the same row are 
significantly different (P≥0.05). 

                                                                                    
Table 8: The changes in body and texture scores of spicy Mudaffara cheese during storage period for 8 weeks at different temperatures   

Storage temperature 
(°C) 

Storage period 
(weeks) 

Cheese samples 

Clove Black cumin 
Black pepper 
 

 
 
     (30 ± 2)  
 
 
 

0 18.00 A ± 0.24 18.00 A ± 0.33 17.22 B ± 0.32 
2 17.00 B ± 0.29 18.33 A ± 0.37 17.56 A ± 0.29 
4 16.78 C ± 0.46 17.11 B ± 0.35 18.00 A ± 0.33 
6 16.00 CD ± 0.50 15.56 D ± 0.44 16.00 C ± 0.33 

8 14.44 E ± 0.38 14.56 E ± 0.29 14.44 D ± 0.29 

 
 
     (7 ± 2) 

2 18.11 A ± 0.20 18.22 A ± 0.28 17.89 A ± 0.2 
4 17.56 B ± 0.38 17.89 B ± 0.26 17.78 A ± 0.32 
6 16.44 C ± 0.34 16.56 C ± 0.29 16.67 C ± 0.33 
8 15.00 D ± 0.29 15.78 D ± 0.28 14.56 D ± 0.34 

Means ± Std Error 
Different capital letters within the same column are significantly different (P≥0.05), different small letters within the same row are 
significantly different (P≥0.05). 

 
The changes in the acceptability of different spicy Mudaffara cheeses:          

 
The changes occurred in the acceptability of Mudaffara cheese as affected by adding different spices during 

storage at room and refrigerated temperatures (30±2 and 7±2 ºC) are shown in Table (9). Types of the spices had 
no significant differences on fresh Mudaffara cheeses. At room temperature (30±2ºC), the acceptability scores 
of clove Mudaffara cheese was decreased gradually during the storage period, while for black cumin and black 
pepper Mudaffara cheeses, acceptability scores were decreased after 4 and 2 weeks respectively. Abbas (2003) 
reported flavor scores of Mozzarella cheese increased during the storage period and this could be attributed to 
the proteolysis of the cheese curd.   

 
Table  9: The changes in acceptability scores of spicy Mudaffara cheese during storage period for 8 weeks at different temperatures   

Storage temperature 
(°C) 

Storage period 
(weeks) 

Cheese samples 

Clove Black Cumin 
Black pepper 
 

 
 
(30 ± 2)  
 
 
 

0 17.67 A ± 0.50 16.33 C ± 0.33 17.00 C ± 0.41 
2 16.89 B ± 0.45 16.67 C ± 0.41 17.78 B ± 0.43 
4 17.33 AB ± 0.33 18.00 A ± 0.41 17.22 C  ± 0.28 
6 15.56 C ± 0.29 13.11 E ± 0.51 14.78 D ± 0.32 

8 14.00 D ± 0.29 10.22 F ± 0.36 12.67 E ±  0.41 

 
 
  (7 ± 2) 
 

2 18.00 A ± 0.24 17.67 B ±  0.29 17.33C ± 0.24 
4 17.22 AB ± 0.28 18.44 A ± 0.33 19.00 A ± 0.24 
6 16.78 B ± 0.28 17.00 B ±  0.33 17.89 B ± 0.20 
8 15.78 C ± 0.36 15.44 D ±  0.34 15.78 D ± 0.32 

Means ± Std Error 
Different capital letters within the same column are significantly different (P<0.05), different small letters within the same row are 
significantly different (P<0.05). 
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At (7±2ºC), clove cheese was more acceptable after the second week of storage while black cumin and 
black pepper cheeses were more accepted after the fourth week of storage period recording 18.4 and 19.0 points 
respectively. Abou-Dawood (1996) studied the preservation and the flavoring effects of garlic, clove and black 
cumin on kareish cheese and found that, garlic extract was highly accepted followed by black cumin while clove 
was accepted with some limitation. Consequently, the selection of a preservative material should include its 
acceptability as a food additive or flavoring material before being a preservative.  

 
The total scores of spicy Mudaffara cheeses:  

 
Table (10) shows the total scores of Mudaffara cheese as affected by adding different spices during storage 

for 8 weeks at room (30±2°C) and refrigerated (7±2°C) temperatures. The highest total score was recorded for 
black pepper Mudaffara cheese followed by black cumin, and then clove cheese after 4 weeks with both 
temperatures. The results are partially in agreement with those obtained by Foda et al. (2009) who found that 
adding dried spearmint with any concentration decreased the appearance and color scores significantly (P ≥ 
0.05) compared to the control cheese.  Foda et al. (2008) mentioned that fresh herby cheese containing 2% 
celery had highest appearance followed by cheese containing 1% thyme compared with control UF-soft cheese 
samples and scoring  after 4 weeks showed significant improving in the taste of celery cheeses while body and 
texture was affected significantly by increasing the herbs concentration. Krumov et al, (2010) reported the 
processed cheeses produced by using spice extract (black pepper) had higher sensory evaluation coefficients 
than the controls. Abdel-Razig (2000) reported extending storage time to 30 days did not change the general 
feature of the cheese irrespective of the storage temperature and storage cheese at room temperature for 30 days 
imparted the desirable flavor in addition to acceptable texture in low salt cheese. Sixty days looked quiet enough 
for storage braided cheese to develop desirable eating qualities. Abou Dawood (1999) found Ras and Roquefort 
cheeses treated with black pepper had higher organoleptic scores at all ripening period. 

 
Table 10: The changes in total scores of spicy Mudaffara cheese during storage period for 8 weeks at different temperatures   

Storage temperature 
(°C) 

Storage period 
(weeks) 

Cheese samples 

Clove Black cumin 
 
Black pepper 
 

 
   (30 ± 2)  
 

Fresh 85.1± 0.12 83.3 ± 0.19 85.1± 0.32 
4 87.3 ± 0.33 85.1± 0.16 84.5 ±  0.51 
8 76.8 ± 0.61 61.0 ± 0.61 63.2 ± 0.42 

     
 (7 ± 2) 

4 87.3 ± 0.23 89.2 ± 0.26 90.1± 0.37 
8 76.8 ± 0.41 79.0 ± 0.50 77.7± 0.19 

Means ± Std Error 

 
Abbas (2003) reported that fresh Mozzarella cheese exhibited nearly flat flavor with slight acidity while the 

body and texture was sticky and the appearance was different from treatment to another. Mozzarella cheese 
could keep its good quality until 4 weeks of storage period at 5±1ºC. 

 
Conclusion: 

 
The present study revealed that the three types of spices (clove, black cumin and black pepper) were 

acceptable when added during manufacture of Mudaffara cheese. Spicy Mudaffara could be stored at room 
temperature with good taste for 4 or 6 weeks according to the spices added, while to increase the storage period 
should store that cheese at refrigerated temperature to get acceptable taste for 8 weeks. 

Clove Mudaffara cheese recorded the highest antioxidant activity (%) followed by black cumin and black 
pepper cheese, while for total acceptability scores black pepper Mudaffara cheese got the highest score (90 
points) followed by  black cumin cheese (89 points) and clove cheese with (87 points).  
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