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I. Introduction 
The Sudan has a huge amount of animal resources which has qualified it to compete in meat industry. There are 

approximately 39.76 million heads of cattle, 42.91 million heads of sheep, 42.129 million heads of goat and 

37.24 million heads of camel (A.O.A.D., 2005). 

In spite of all this great resource and availability of good quality red meat which has been estimated as 167.2 

million tons (A.O.A.D, 2005), there is no considerable development in meat processing and preservation. 

The civilization developed demands greater qualities of good quality processed products. Hence there has 

developed a large food-preservation industry which attempts to supply food that is satisfying, nutritious, and 

economical. Thermally processed foods constitute a large part of this industry (Desrosier & Desrosier, 1977). 

Also consumer demands for high quality products has inspired researchers and the food industry to explore 

alternative methods as replacement for traditional processing methods. New processing concepts such as the 

application of variable retort temperature have received attention from processing experts and promises to 

improve both the economy and quality of thermally processed foods (Awuah et al., 2007). 

Generally foods are processed commercially for one of the following reasons: (1) extend the shelf life of the 

processed food form, (2) alter the characteristics of the product, (3) separate components from the complex 

mixture of bio-chemicals and (4) improve the nutritional characteristics of the processed food (Lund, 1979). 

Meat products that can be stored at room temperature without the risk of microbial spoilage are considered to be 

shelf stable products. They include canned meats such as ham, tuna and chicken, jerky, dry sausages snack 

sticks, summer sausage and freeze dried meat. Because these products do not need cold temperatures for 

preservation, they are popular for camping, trips, hunting and fishing expeditions and other activities where 

refrigeration may not be available. In addition, they are convenient product to have on hand in your 

cupboard(Elizabeth, 1994).So in the Sudan the farmers in agricultural areas, the army in the military regions, 

people in  the disaster areas, and companies of  the displaced people, are in need of shelf stable and acceptable 

product that does not require refrigeration. Meat canning is a suitable method of preservation to solve these 

problems that meet the availability of safe foods in those areas.  

Today consumers all over the world especially in industrialized and developed countries increasingly demand 

minimally processed foods and food stuffs, which retain natural flavor, color, texture, nutritional characteristics, 

and contain fewer additives (e.g. preservatives) especially chemical additives (Ohlsson & Bengtsson, 2002). 

Accordingly to encourage the consumption of processed meat we must get rid of the use of chemical additives, 

as nitrite has been reported to be carcinogenic above and beyond its possible role in formation of nitrosamines 

(Person & Tauber, 1989). 

Abstract: The effects of citric acid as preservative on the water holding capacity and color of the canned beef 

sausage were investigated after three months storage at room temperature of percentages (35±5ºc)., The 

experiment, was conducted to determine the effects of citric acid on the canned beef sausage processed with 

meat treated by immersion in 1% citric acid before processing at (80 and 30ºc) for one minute and drained, 

then the product retorted at 107.2°C for 80 minutes. The determination of water holding capacity and 

measurement of color were done monthly. The results indicated that, color measurement, water holding 

capacity were not significantly different (P>0.05) for the raw, cooked and canned sausages. Generally we 

observed increases in W.H.C. with increasing of storage period .As for color measurements the results 

showed that there was no significant different (P>0.05) among treatments. Nevertheless, the increase of the 

storage period was reflected in increase in lightness (L) and yellowness (b) in contrast to the redness (a) 

which was decreased with increasing of storage period.  Citric acid had no clear effect on water holding 

capacity and color measurement of the canned beef sausage. 
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The more severe the sterilization process, the greater will be the degradation of food quality, both in consumer 

appeal (color, flavor, texture/and in nutritional factors (Lund, 1979) so under standard operating procedures in 

commercial canning plants, the alterations in quality of  foods may be anticipated in greater or lesser degree, 

depending upon plant operation (Desrosier & Desrosier, 1977). To decrease the temperature of sterilization for 

low-acid foods we can use the citric, lactic or acetic acid for lowering the heat tolerance of the organisms 

because bacterial spores are not heat resistant at low pH values (Desrosier & Desrosier, 1977).            

The objective of this study was to investigate the use of citric acid as preservative in canning  and its effect on 

water holding capacity and color of the canned sausage . 

II. Materials and Methods 

Table 1: Ingredients based on total mixed base 
Percentage Ingredients 

12.20 Cold water (crushed ice) 

2.40 Salt  

0.30 Ground pepper  

0.30 Sugar 

0.20 Mustard powder 

3.40 Skimmed milk powder 

 

 

Meat samples were taken from beef animals of similar breed and age after 24 hours from slaughter at the Meat 

Technology Department in Kuku Animal Production Research Center. 

Approximately 7 kgs of lean meat (top-side)cut were trimmed to a minimum amount of fat were used in sausage 

preparation in each replicate (three replicates were performed for each treatment). 

The lean meat was divided into two batches, one batch  treated with citric acid and another batch treated with 

decontaminated water(free of contamination by water filtration). Each batch was divided into two parts. The 

first part was dipped in 1% (at 30ºC) citric acid for one minute and drained for one minute. The 2nd part was 

dipped in 1% citric acid at (80ºc) for one minute and drained for one minute. The third part was dipped in 

decontaminated water at 30ºC for one minute and drained for one minute. The fourth part was dipped in 

decontaminated water at 80ºC for one minute and drained for one minute. The meat was ground through 0.25 

in/plate of electrical meat grinder.    

III. Sausage preparation 

The ground meat was divided into two equal batches, one batch was formulated using half of the ingredients in 

table (1) and 155 p.p.m sodium nitrite while the other was formulated using the other half ingredients in table 

(1) and considered as control. Each batch was chopped separately. The chopper was started after the minced 

meat was introduced. Salt, nitrite (in one batch), and half of the recommended ice water were added and 

uniformly dispersed. Then, the binder and seasoning were added together, with remainder of the recommended 

ice water. The entire mass for each batch was chopped about 5 mins. The batter for each batch was then stuffed 

into cellulose casings of 22 mm in diameter and linked at length about 8 cm in. The product was cooked for 15 

minutes in boiling water followed by immediate cooling in ice water for 5 min. The sausages were peeled, 

packed in polyethylene bags and stored in refrigeration (-4°c) over night.   

 

IV. Canning operation 

The empty cans were spray washed with26.5°C water in accordance with federal meat inspection regulation 

(Pearson & Tauber, 1989). About 160gmof each treatment were put in each can. Then the remaining space was 

filled with decontaminated boiling water. The cans were closed by double sealer machine (Mp 502120207/s) in 

the Canning Unit of the Food Research Centre, Shambat.  Cans were placed into a vertical non-agitating retort. 

After retorting cans were water cooled by immersing in a cold-water tank. Temperature of water was 

approximately (15°c). The wet cans were dried by heat which was permitted to accelerate evaporation (Pearson 

& Tauber, 1989). 

Four treatments were obtained: sausages processed with meat dipped in 1% citric acid at 30ºC for one  minute 

and retorted at 107.2 ºC for 80 minutes, sausages processed with meat dipped in 1% citric acid at 80ºc and 

retorted at 107.2ºC for 80 minutes, sausages processed with meat dipped in decontaminated water at 30ºc for 

one minute and retorted at 107.2ºC for 80 minutes ,Sausages processed with meat dipped in decontaminated 

water at 80ºc for one minutes and retorted at 107.2Cº for 80 minutes. 

 

V. Product storage 

The cans were labeled and stored at room temperature Table(2) , 30g of samples were taken randomly after 72 

hours (incubation period)from canning for chemical analysis.  
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VI. Color measurement 

The color was measured for the raw, cooked and canned samples of the various treatments. Hunter Lab 

Difference Meter Model D25 L, a and b measurements were determined, where (L) measures lightness, (a) 

measures redness and (b) measures yellowness. It was standardized with white calibrated standard NOC2 L 36 

(L= 93.4, a= -101 and b= -1.9). Two readings were taken for every sample and averaged. 

  

VII. Water holding capacity (WHC) 

Duplicate samples (about 0-3grams) from the raw, cooked and canned sausages were used. Each sample was 

placed on humidified filter paper. It was kept in a desiccator over saturated KCl solution, and pressed between 

two Plexiglas plates for 3 minutes at 25 kg load. The meat film area was traced with a ball pen and the filter 

paper area allowed to dry, meat and moisture areas were measured with a Plano-meter. The resulting area was 

divided into the moisture area to give a ratio expressed as water holding capacity of meat. A large ratio indicates 

an increase in water condition of the sample or a decrease in water holding capacity (WHC). 

                WHC =      loose water area – meat film area 

                                                Meat film area 

Table 2: Average temperature and humidity of storage for the canned sausages 
Period of storage Temperature C° Humidity % 

First month 

Second month 

Third month 

30.10 

30.90 

35.70 

16.20 

14.80 

21.10 

VIII. Statistical Analysis 
Statistical analysis was performed on all data of the various experiments using SPSS and was subjected to 

analysis of variance (ANOVA). Least significant difference (LSD) was used for mean separation (Gomez & 

Gomez, 1984).  

IX. Results and discussion 

Water Holding Capacity (W.H.C)  

As shown in (Table 3) raw sausage had a higher W.H.C. than the cooked sausages. Citric acid had no significant 

effect on the W.H.C,however there was slight decrease in W.H.C by increasing citric acid and treated water 

temperature. 

Table 3: Means and standard errors (S.E) for water holding capacity (WHC) of the various sausage 

treatments*. 
 

 

Independent Variables 

Treatment *  

 

S.E 
Citric acid (1%) Treated water 

30ºc 80ºc 30ºc 80ºc 

Raw sausages 
 

Cooked sausages 

0.64 а 
 

1.45а 

0.80 а 
 

1.36 а 

0.66 а 
 

1.38 а 

0.69 а 
 

1.41 а 

 
± 0.03 

ª Means bearing similar superscripts are not significantly different (p>0.05).  

* Raw meat was dipped in 1% citric acid at 30 ºс and at 80 ºс and in treated water at 30 ºс and at 80 ºс (dipping 

and draining were performed for 1 minute in each treatment before processing).      

The canned samples were also showed a decrease in W.H.C with increasing storage period, but the difference 

was not significant among treatments (Table 4; P>0.05). Citric acid and treated water at 80ºc associated with 

decrease in W.H.C of the product in comparison with citric acid and treated water at 30ºc. The water holding 

capacity of meat is an attribute of obvious importance. This is particularly so in comminuted meat such as 

sausages, where the structure of the tissue has been destroyed and is no longer able to prevent the aggress of 

fluid released from the protein (Lawrie, 1991) also it is particularly in the comminuted meat as sausages and 

burgers, which are more liable to exude fluid due to the destruction of the muscle structure so the nature of these 

products permit direct manipulation of the meat to enhance its W.H.C artificially (Lawrie, 1991). 

 Pearson & Tauber (1984) explain that cooking decrease the water content of meat. This decrease in water 

content is associated with the decrease in the W.H.C. Also Chiou et al. (2004) found that, there was a decrease 

in moisture and weight of small abalone meats which were heated at 80ºc and 98ºc for 0-120 min. 

Table 4: Means and standard errors (S.E) for Water holding capacity (WHC) of the various sausage 

treatments*. 
 

Storage 

( Month ) 

Treatment *   

 

S.E 
Citric acid (1%) Treated water 

30°c 80ºc 30 °c 80ºc 

0 1.38 а 1.51 а 1.44 а 1.49 а  

 
 

± 0.03 

 

1 1.68 а 1.89 а 1.51 а  1.90 а 

2 2.02 а 2.27 а 2.16 а 2.19 а 

3 3.09 а 2.92 а 3.03 а 3.02 а 

ª Means bearing similar superscripts are not significantly different   (p>0.05).   
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*Raw meat was dipped in 1% citric acid at 30  ْ  с and at 80  ْ  с and in treated water at 30ºс and at 80ºс (dipping 

and draining were performed for 1 minute in each treatment before processing). 

 Color measurement 
There was no significant difference among treatments (Table 5) in color (lightness (L), redness (a) and 

yellowness (b)) color for the raw and cooked samples, although the cooked samples scored higher values in 

lightness (L) and yellowness and lower values in redness (a) compared to the raw sausages. Citric acid seamed 

to decrease the yellowness of the cooked sausages compared to the control  

Table 5: Means and standard errors (S.E) for color of the various sausage treatments*. 
 

 

Independent Variables 

Treatment *  

 

S.E 
Citric Acid (1%) Treated Water 

 

30ºc 

 

80 °c 

 

30 °c 

 

80 ºc 

Lightness(L) 

   Raw sausages 

Cooked sausages 

 

33.08 а 

35.50 а 

 

32.63 а 

35.40 а 

 

32.5 а 

34.60 а 

 

33.43 а 

35.50 а 

 

± 0..36  

Redness (a) 

  Raw sausages 

Cooked sausages 

 

22.47 ь 

19.57 ь 

 

22.87 ь 

19.27 ь 

 

22.57 ь 

19.67 ь 

 

22.80 ь 

19.70 ь 

 

± 0.45 

Yellowness(b) 

  Raw sausages 
Cooked sausages 

 

7.43 с 
7.57 с 

 

7.10 с 
7.43 с 

 

7.40 с 
7.63 с 

 

7.07 с 
8.07 с 

  

± 0.10 

a . b . c Means for each independent variable bearing similar superscripts are not significantly different 

(p>0.05). 

* Raw meat was dipped in 1% citric acid at 30 °с and at 80 ºс and in treated water at 30ºс and at 80°с (dipping 

and draining were performed for 1 minute in each treatment before       

 Tables (6,7 and 8 showed the means and standard errors for color lightness (L), redness (a) and yellowness (b) 

of the various canned sausage treatments. The results indicated that, there was no significant difference among 

treatments for lightness (L), redness (a) and yellowness (b). Nevertheless lightness (L) and yellowness (b) 

values were increased by increasing of storage period in reverse to redness (a) values which were decreased with 

increasing of storage period. Citric acid had no clear effect on redness (a) and yellowness (b) in comparison with 

the control. In concern to lightness (L), citric acid at 80ºc slightly increase the lightness (L) compared to citric 

acid at 30ºc for the samples through the same period of storage. Temperature of citric acid and treated water had 

no significant effect on lightness (L) redness (a) and yellowness (b), although there was a slight decrease in 

yellowness (b) for the sample treated with citric acid at 80ºc at the same storage period compared to the control.  

These results agreed with the findings of Pohlman et al. (2002a) who demonstrated that 1% ozonated water 

followed by 5% acetic acid decreased redness, oxymyoglobin content, and color stability during display, likely 

because the acetic acid promoted pigment oxidation by reducing pH. In a study to indicate the influence of 

various preservatives on quality of minced beef under modified atmosphere at chilled storage Friedrich et al. 

(2008) found that, lactic acid discolored samples while sodium ascorbate seemed to improve color stability. 

Heating foods change their physical and chemical qualities. In some instances the changes are desirable, making 

meat more tender. In other cases the changes are detrimental, destroying color characteristics. Desrosier & 

Desrosier (1977) they also reported that, heating pure pigments cause color characteristics of pigments to be 

altered. Heating pigments in complex substrates, such as canned food, results in degradation of the natural color 

characteristics.   

processing). 

 

Table 6: Means and standard errors (S.E) for color (Lightness (L)) of the various sausage treatments*. 
 

 

Storage 

( Month ) 

Treatment *  

 

S.E 
Citric acid (1%) Treated water 

30ºc 80ºc 

 
30ºc 80ºc 

 

 

0 

 

1 

 

2 

 

3 

 

41.40 а 
 

41.60 а 

 

42.47 а 

 
43.53 а 

 

42.13 а 
 

41.60 а 

 

42.80 а 

 
44.00 а 

 

42.20 а 
 

42.83 а 

 

43.60 а 

 
44.97 а 

 

42.43 а 
 

42.70 а 

 

42.47 а 

 
43.50 а 

 

 
 

± 0.09 

  ª Means bearing similar superscripts are not significantly different (p>0.05). 

 * Raw meat was dipped in 1% citric acid at 30 ºс and at 80 ºс and in  
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   treated water at 30ºс and at 80ºс (dipping and draining were  

   performed for 1 minute in each treatment before processing). 

Table 7: Means and standard errors (S.E) for color (Redness (a)) of the various sausage treatments*. 
 
 

Storage 

( Month ) 

Treatment *  

 

S.E 
Citric acid (1%) Treated water 

30ºc 80ºc 

 
30ºc 80ºc 

 

 

0 

 

1 

 

2 

 

3 

 
22.10 а 

 

17.67 а 
 

12.60 а 

 
8.67 а 

 
22.10 а 

 

17.10 а 
 

14.43 а 

 
9.20 а 

 
22.27 а 

 

16.70 а 
 

12.83 а 

 
9.23 а 

 
22.43 а 

 

17.50 а 
 

12.73 а 

 
9.33 а 

 
 

 

± 0.10 

 
aMeans bearing similar superscripts are not significantly different (p>0.05). 

* Raw meat was dipped in 1% citric acid at 30 ºс and at 80 ºс and in treated water at 30 ºс and at 80 ºс (dipping 

and draining were performed for 1 minute in each treatment before processing). 

Table 8: Means and standard errors (S.E) for color (yellowness (b)) of the various sausage treatments*. 
 

Storage 

( Month ) 

Treatment *  

 

S.E 
Citric acid (1%) Treated water 

30° c 80º c 30° c 80º c 

 

0 

 

1 

 

2 

 

3 

 

10.37 а 
 

10.97 а 

 
12.00 а 

 

12.37 а 

 

10.40 а 
 

10.93 а 

 
12.37 а 

 

13.13 а 

 

10.67 а 
 

10.90 а 

 
12.87 а 

 

13.30 а 

 

10.80 а 
 

11.07 а 

 
12.40 а 

 

13.20 а 

 

 
 

± 0.04 

ª Means bearing similar superscripts are not significantly different (P>0.05).  

* Raw meat was dipped in 1% citric acid at 30 °с and at 80 ºс and in treated water at 30°с and at 80 ºс (dipping 

and draining were performed for 1 minute in each treatment before processing). 

 

X. Conclusion 

The effect of 1% citric acid on water holding capacity and color of the canned sausage was not significant, 

however, it caused slight change at the different storage periods affected by the temperature of it.   
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