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Abstract 
This study was carried out to investigate the effect of different nitrite concentrations 
on the sensory parameters of roast beef including color, flavor, juiciness, texture and 
overall acceptability. Four roast beef batches were formulated; the first three treat-
ments were with nitrite concentrations of 0.006%, 0.012% and 0.018% and stored at 
abused chilling temperature (12˚C), while the fourth one was a control treatment 
with 0.026% nitrite and storage at 4˚C. Results showed that increasing nitrite con-
centration from 0.006% to 0.026% enhanced the shelf life of roast beef stored for 7 
days without affecting the sensory characteristics whether at 12˚C or 4˚C since there 
were no significant differences (P > 0.05) between all treatments regarding color, 
flavor, juiciness, texture and overall acceptability. These results could direct us to use 
high nitrite concentration to protect this product and elongate its shelf life without 
affecting its preference parameters. 
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1. Introduction 

Roast beef is a cured, cooked, and smoked whole meat piece product. It is usually con-
sumed or served cold after processing. As roast beef is a cured meat product, curing con-
tributes to the characteristic pink color, specific texture and flavor, and provides a pre-
servative effect especially against the growth of spores of Clostridium botulinum [1] [2].  

Nitrite is a critical component used to cure meat [3] [4], and to reduce the growth 
rates of pathogens such as L. monocytogenes, E. coli O157:H7, S. aureus, and Bacillus 
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cereus at levels used in cured meat and poultry products [5]-[9]. The antioxidant effect 
of nitrite is likely due to the same mechanisms responsible for cured color development 
involving reactions with heme proteins and metal ions, chelating of free radicals by ni-
tric oxide, and the formation of nitroso- and nitrosyl compounds having antioxidant 
properties [10]. 

In order to keep meat products safe through the food chain, sodium nitrite is most 
commonly used in meat curing to help develop a desirable flavor and attractive color. 
Nitrite retards the development of meat rancidity and unpleasant flavors and odors of 
meat during storage [3]. Many researches were carried out to investigate nitrite alterna-
tives in a step to complete or partially substitute its use in meat and meat products 
[11]-[18]; they concluded that complete nitrite replacement is not possible but partial 
replacement in combination with other additives which is acceptable. 

Most of the added nitrite during the product manufacturing is either depleted 
through a series of reactions or lost during certain manufacturing steps. Typically, be-
tween 10 and 20 percent of the originally added nitrite normally remains after the 
manufacturing process and those levels continue to decline during storage. These levels 
of nitrite, referred to as residual nitrite, slowly decline over the storage life of cured 
meat products until they are often non-detectable [4] [19]. 

Therefore, we carried out the first part of this research to investigate the effect of dif-
ferent nitrite concentrations and chilling temperature on the shelf life and chemical pa-
rameters of the studied roast beef [20] and we found that roast beef containing 0.026% 
nitrite and stored at 4˚C for 25 days had the lowest thiobarbituric acid (TBA) values, 
microbial growth and the lowest percentage of nitrite losses during storage. 

As the sensory evaluation is one of the main shelf life parameters, therefore, the ob-
jective of this study was to: 
• Evaluate the effect of different nitrite concentrations on the sensory parameters of 

the studied roast beef including color, flavor, juiciness, texture and overall accepta-
bility. 

2. Materials and Methods 
2.1. Roast Beef Manufacture 

Frozen raw beef topside was taken out of the freezer and tempered overnight. The 
meat blocks were cut into pieces of 10 kg. It was then transferred to the brine injector 
where the injector delivers a solution of salt, sodium nitrite, potato starch, isolated 
soy bean protein, sodium ascorbate, sodium tri-poly phosphates, spices and water 
(Table 1).  

The mixture was cooled to a temperature of 4˚C. After injection, the beef were trans-
ferred to the tumbler, which is also cooled down to 4˚C. The tumbling process took 
about one hour under vacuum pressure. Then, the meat pieces were placed into fibrous 
packages, and the packaging process took place under vacuum, and was controlled by 
computer, each bag contained 1 kg of meat. The beef, then, was held for certain time at 
about 6˚C - 7˚C [21]-[23]. 



T. Maaya, B. M. Al-Abdullah 
 

1054 

Table 1. Meat and brine formula used to produce roast beef. 

Ingredients 
Treatments 

A B C D 

Meat (kg) 10 10 10 10 

Water (L) 7 7 7 7 

Salt (%) 7 7 7 7 

Sodium tripolyphosphate (%) 2 2 2 2 

Sodium ascorbate (%) 0.3 0.3 0.3 0.3 

Sodium nitrite % 0.006 0.012 0.018 0.026 

Potato starch (%) 5 5 5 5 

Soybean isolate (%) 6 6 6 6 

Spices (%) 0.9 0.9 0.9 0.9 

Total (kg) 17 17 17 17 

2.2. Cooking and Storage 

Roast beef batches were thermally processed in a steam oven as follows: 
The beef in their special fibrous bags was dried for 40 minutes to lower the amount 

of water. Following drying, the beef was liquid smoked at 76˚C; smoking took 1.30 
hour, then the beef was dried for 3 minutes. The roast beef was cooked to a core tem-
perature of 74˚C for 4 hours. After cooking the beef was allowed to dry to get the 
roasted color. Then the beef was taken out to be cooled in the blasted chiller for four 
hours, to cool from 64˚C to 1˚C. After that, the roast beef was kept in refrigerator at 
4˚C throughout the duration of the experiment D. B, C and A samples were taken and 
kept at abused temperature (12˚C). 

2.3. Proximate Analysis 

Moisture, fat and protein were determined directly after storage using Infratech Ana-
lyzer (Model Tecator 1265, Sweden) [24]. Ash determination was carried out according 
to AOAC [25]. 

2.4. Sensory Evaluation 

A hedonic scale test as described by [26] was used to investigate the degree of prefe-
rence to the roast beef treated with different levels of nitrite and different chilling tem-
peratures after seven days of storage. The four treatments were evaluated in one ses-
sion. Thirty five panelists were chosen from the teaching staff, graduate students and 
technicians of the Department of Nutrition and Food Technology, University of Jordan. 
The panelists were from both sexes, and from different ages, they were requested to 
taste each sample separately without comparing it with other samples. These panelists 
were familiarized with the questionnaire of the sensory parameters. The samples were 
evaluated for desirability in color, flavor, juiciness, texture and overall acceptability us-
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ing a 9-hedonic scale test, varying from 9, which means like extremely to 1, which 
means dislike extremely. Pieces of bread and water were used to neutralize the taste 
between samples testing.  

2.5. Statistical Analysis 

Statistical analysis of data was carried out using Statistical Analysis System (SAS) pack-
age. Analysis of variance (ANOVA) of the general linear models (GLM) procedure of 
statistical analysis system was used. The significant differences between means were 
determined at P < 0.05 using Duncan Multiple Range Test. Correlation coefficient was 
used to estimate the interaction between different measures were generated using the 
Pearson’s correlation coefficient [27] [28].  

3. Results and Discussion 
3.1. Proximate Composition 

Proximate contents of the roast beef were 78.4% moisture, 1.8% fat, 14.8% protein, and 
3% ash. This similarity in proximate is due to the use of the same components as well as 
cooking program for all treatments except of nitrite concentration as shown in Table 1.  

3.2. Sensory Evaluation 

The sensory characteristics of color, flavor, juiciness, texture and overall acceptability 
were evaluated using 9-hedonic scale. There were no significant differences (P > 0.05) 
between all treatments. When the roast beef Samples were compared with each other, 
the panelists were unable to differentiate sensory differences, despite of different added 
nitrite levels. These results indicate that the ability to extend shelf life of the roast beef 
[20] without affecting the sensory properties which are considered one of the main 
shelf life parameters. Moreover, storage and distribution of this product through the 
food chain could be enhanced and become more flexible.  

3.2.1. Color 
Figure 1 shows the color scores of roast beef treatments. Although the added nitrite le-
vels were different, a typical red cured meat beef color was achieved and scored in the 
range of “like slightly” to “like moderately”. This could be due to that only small quan-
tities of nitrite are required to produce the cured meat color: theoretically 2 - 14 mg/kg 
is sufficient to convert half of the myoglobin present in fresh meat, but more nitrite is 
required to provide for the competing reactions, and 25 mg/kg are required to give a sta-
ble cured color throughout the extended shelf life [29] [30]. Moreover, vacuum packaging 
could be considerably effective to increase the desirable meat color during storage [31].  

Color scores are usually affected by nitrite level, but in our case, the insignificant dif-
ference in color could be explained by the fact that the magnitude of differences in col-
or between samples was very little and the panelists were unable to detect it. Color is 
one of the main food appearance attributes and has very significant role in the quality 
evaluation of meat and meat products as well as purchase decision [32] [33]. Therefore, 
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it is beneficial to enhance other quality characteristics without affecting this significant 
parameter.  

3.2.2. Flavor 
The values of flavor scores for the different treatments as shown in Figure 2 were nu-
merically close and not statistically different (P > 0.05). There were no significant pre-
ferences between treatments regarding flavor and were scored as “like moderately”. The 
effect of nitrite was much greater at the higher levels than at the lower levels of nitrite, 
in that the flavor was not significantly different between the different levels. These re-
sults are in agreement with those found by [34], so we can conclude that the amount of 
nitrite present 0.018% and 0.026% did not influence the flavor of roast beef. It was also 
indicated that nitrite has no effect in cured flavor development in all cured meat [12] 
[35]. On the other hand, [36] suggested that cured flavor may be a result of combina-
tion of complex nitrite-related flavor and aroma, and suppression of rancidity forma-
tion, since nitrite has antioxidant effect. 

 

 
Figure 1. Sensory evaluation of roast beef color. 

 

 
Figure 2. Sensory evaluation of roast beef flavor. 
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3.2.3. Juiciness 
As shown from Figure 3, the juiciness scores of the roast beef treatments were also not 
significantly different. There were no significant preferences between treatments which 
were scored as “like slightly to like moderately”. The juiciness scores of all treatments 
were acceptable. Higher juiciness score was found in treatment A which contained 
0.006% nitrite. The sensory scores indicated a decrease in juiciness in treatment D with 
0.026% nitrite, but it was statistically insignificant (P > 0.05). [37] reported that juici-
ness is related to the type of meat used in the formulations, rather than the chemical 
composition when he evaluated the sensory properties of five canned luncheon meat 
formulations.  

3.2.4. Texture 
The texture of the roast beef that ranged from “like slightly” to “like moderately” 
(Figure 4) indicated that roast beef samples with 0.018% added nitrite had a softer tex-
ture than roast beef with 0.006% added nitrite. The inclusion of nitrite, at low level 
(0.006%), seems to make the texture of roast beef more acceptable. Increasing the  

 

 
Figure 3. Sensory evaluation of roast beef juiciness. 

 

 
Figure 4. Sensory evaluation of roast beef texture. 
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amount of nitrite from 0.006% to 0.018% had no additional effect on texture scores; it 
seems likely that nitrite curing affected the texture of the meat. That is in disagreement 
with [4] who reported that reactions between nitrite and myofibrillar proteins positive-
ly affected the texture of the cured meats. 

[38] reported many factors that can affect the texture of meat products such as 
product formulation, fat and protein content and characteristics, and other factors. In 
our results tenderness as well as juiciness were not significantly (P > 0.05) different, this 
could be due to the using of the same formula for all treatments except of the nitrite 
concentration. This was demonstrated by the proximate analyses that were similar to 
the all treatments with no significant differences, which could be reflected on the tex-
tural characteristics of the treatments. [12] found that variations in nitrite concentra-
tion had no additional effect on the mortadella texture.  

3.2.5. Overall Acceptability 
Overall acceptability is the summation effect of the all sensory parameters, therefore, 
treatments that received high evaluation scores regarding their color, flavor, juiciness, 
and texture will be scored high as overall acceptability. The hedonic evaluation scores 
for overall acceptability corresponding to “like moderately” show that no significant 
(P > 0.05) difference between all treatments (Figure 5), which might indicate that dif-
ferent nitrite levels do not affect the overall acceptability [34].  

It seems that the panelists were unable to differentiate between treatments of the 
roast beef, and so, the results showed that high nitrite level of 0.026% did not cause any 
sensory differences. Meat is a perishable food, therefore, it is necessary to control meat 
spoilage in order to increase its shelf life, maintain its nutritional value and other quali-
ty and sensory parameters [39]. 

4. Conclusion 

It could be concluded from the overall results of the sensory evaluation that different 
added nitrite concentrations have no significant effect on the investigated sensory cha-
racteristics, and the addition of 0.026% nitrite with proper refrigeration has resulted in  

 

 
Figure 5. Overall acceptability of roast beef batches. 
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an extension of the roast beef shelf life with acceptable organoleptic parameters.  
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