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Abstract 
 

Processed meat products are particularly unhealthy because of high fat, preservative 

and salt content. This study is carried out with the aim to determine the 

physicochemical and sensorial properties of sausage incorporated with okara flour. 

There were four different sausage formulations labelled as Control (0% okara flour, 

100% beef), F1 (10% okara flour, 90% beef), F2 (20% okara flour, 80% beef), F3 (30% 

okara flour, 70% beef) and F4 (40% okara flour, 60% beef). Formulations were 

subjected to proximate, water holding capacity, color, texture and sensorial analysis. 

Results for proximate composition, revealed that carbohydrate, ash and fiber content 

increased while moisture, fat and protein content decreased as the okara flour 

addition were increased. Water holding capacity (WHC) was found to increase as 

the incorporation of okara flour increased. In term of color analysis, increased in 

okara flour content in sausage significantly increased lightness (L*) and yellowness 

(b*) values while decreasing in redness (a*) value. As for textural properties, the 

values for hardness, cohesiveness, springiness and chewiness were decreased as the 

incorporation of okara flour increased. Sensorial results showed that F4 had the lowest 

overall acceptability due to its poor texture and unacceptable taste. Hence this 

study concludes that okara flour has the potential to replace meat at certain levels in 

sausage formulations which is not more than 20% okara flour. 

 

Keywords: Okara, Sausage, Meat Replacer, Physicochemical Analysis, Sensory 
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1.0  INTRODUCTION 
 

Okara is the excess left from ground soybean after 

extraction of the water extractable fraction used to 

produce bean curd (tofu) or soy milk. It is generally 

white or yellowish in color. It is part of the traditional 

cuisines of Japan, Korea and China and also been 

used in the vegetarian cuisines of Western nations. The 

large usages of soybean lead to the rise of the 

quantities of okara production in the worldwide as in 

China about 2 800 000 tones of okara are produced 

from the tofu production industry every year (Ahn et 

al., 2010). A significant disposal problem is made by 

the yearly huge amount of production of okara. 

Sausages are consumed worldwide because of their 

convenience. All-beef or beef and pork-blend 

sausages contain approximately 24-28% fat and 320-

325 kcal/100 g (Feiner, 2006; Giese, 1992). Over the 

past decades, there has been an increased interest in 

healthier food choices and health organizations have 

planned that the total fat intake should consist of less 

than 30% of the total calories to prevent high blood 

cholesterol, hypertension, obesity and colon cancer. 

Processed meats, such as bacon, ham and sausage 
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are particularly unhealthy because of their high fat, 

preservative and salt content. The addition of dietary 

fiber to meat products improves the nutritional value 

and enhances quality characteristics such as texture 

by increasing water and fat binding capacities.  

Hence this study was conducted with the aim to 

evaluate the potential use of okara as a meat 

replacer in beef sausage. 

 

 

2.0  EXPERIMENTAL 
 

2.1  Raw Materials 

 

Okara paste was obtained from a local company in 

Gombak, Selangor, Malaysia. The minced beef, 

potato starch, white pepper, salt, sugar, beef flavor 

and shortening were purchased from Giant 

Supermarket Section 7, Shah Alam Selangor, Malaysia. 

Isolated soy protein (ISP), sodium tripolyphosphate 

(STTP), carrageenan and xanthan gum were obtained 

from the food processing laboratory of Faculty of 

Applied Sciences, Universiti Teknologi MARA (UiTM) 

Shah Alam, Malaysia. The oil emulsion was prepared 

by mixing shortening, ISP and iced water at 5:1:5. 

 

2.2  Preparation of Okara Flour 

 

Okara paste was dried at 60°C in cabinet drier until 

constant weight around 5% moisture content was 

obtained and then milled using a grinding mill. By using 

a sieve shaker, the milled flour was passed through in 

120 mesh aperture size to obtain homogenized sized 

flour. 

 

2.3  Ingredients 

 

The ingredients for okara sausage are beef meat, 

okara flour, potato starch, white pepper, sodium 

tripolyphosphate (STTP), isolated soy protein (ISP), salt, 

sugar, beef flavor, iced water, shortening, 

carrageenan and xanthan gum. 

 

2.3  Preparation of Okara Sausage 

 

First, the beef meat was blend for 1 minute. Salt was 

added and was continuously blend for another 1 

minute. Then, sugar and STTP were added and the 

batters were blend for 4 minutes. After that, other 

ingredients (potato starch, ISP, white pepper, beef 

flavor, okara flour, emulsion, carrageenan, xanthan 

gum and iced water) were added and blend for 4 

another minutes. The mixture was transferred into 

cellulose casing by using stuffer and tied into 3 inch 

long sausage. The sausages were cooked in a Combi 

oven at 55°C (20 minutes), 65°C (20 minutes), 75°C (20 

minutes) and 80°C (15 minutes) continuously. The 

sausages were then sprayed with tap water for 5 

minutes and then immersed in ice water. Finally, 

sausage casing were removed and sausages were 

vacuum packed and stored at -4°C. 

 

2.3  Methods 

 

Proximate analysis and color measurement were 

determined by using methods from AOAC, 2000. 

Method for Water Holding Capacity (WHC) was, 

according to Zhang (1995) while for pH Measurement 

from Sallam et al. (2004). The method for texture profile 

analysis was, according to  Gadiyaran and Kannan 

(2004) and method of sensory evaluation was, 

according to method from Stone and Sidel (1993). All 

of the data were subjected to analysis of variance 

(ANOVA) and Tukey's comparison of the means test. 

 

 

3.0  RESULTS AND DISCUSSION 
 

3.1  Proximate Analysis 

 

The moisture content decreased significantly as the 

percentage of okara flour increased in the 

formulations. The moisture content of sausage ranged 

from 65.06% to 71.73% where Control formulation 

shows the highest moisture content while F4 shows the 

lowest moisture content. Moisture is the amount of 

water presence in the food as the component in 

relation to all the solid constituents such as protein, 

carbohydrates and non-liquid (Murano, 2003). The fat 

content of sausages ranged from 10.68% to 13.91% 

and the fat content decreased significantly as the 

okara flour increased in the formulations. The decrease 

in fat content was due to the addition of vegetable-

based protein such as soy, wheat and peanut (Brewer, 

2012). Besides, fat is mainly from the meat where it is a 

major contributor for fat in sausage products as 

compared to the plant based part which is okara flour. 

The crude fiber content increased significantly 

throughout the formulations. The crude fiber ranged 

from 2.25% to 5.23%. The fiber was generally 

contributed by the incorporation of okara flour in the 

formulation, as stated by Wickramarathna et al. (2003), 

okara flour was reported to contain 6.66% fiber on dry 

basis. Furthermore, the increase in fiber content may 

occur because of soybean is a vegetable-based fiber: 

mixture of amylopectins and cellulosics (Brewer, 2012). 

The protein content ranged from 6.56% to 9.31% where 

the content decreased significantly as the okara flour 

increased in the formulations. As reported by Asgar et 

al. (2010), plant based origin has a high protein 

content which can increase the level of protein of a 

particular product. However, based on our result, the 

protein content decreased in content. Based on study 

by Quasem et al. (2009), the lower protein content 

was due to the substitution of meat protein with non-

meat protein, since meat protein is more complete 

than non-meat protein. The ash content increased 

significantly from control, F1 and F2 but no significant 

difference were observed between F2 and F3. The ash 

value increased due to the incorporation of okara 

flour in the sausage where okara flour has higher ash 

content than the meat (Grizotto et al., 2012). 

According to the result, the ash content ranged from 

3.25% to 7.39% where F4 has the highest ash content 
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while control formulation has the lowest ash content. 

The carbohydrate content ranged from 0.16% to 

5.08%. The high amount of carbohydrate was provided 

mainly by the okara flour where the value is inversely 

related to the protein content in the sausages. Table 1 

shows the results for proximate analysis of sausages 

incorporated with okara flour. 

 

3.2  pH and Water Holding Capacity (WHC) 

 

The pH values of sausage formulations ranged from 

6.06 to 6.58 where the value increased significantly as 

the okara flour increased throughout the formulations. 

F4 formulation had the highest pH value compared to 

control, F1, F2 and F3. Yilmaz and Daghoglu (2003) 

stated that the addition of dietary fiber resulted in an 

increased in the pH of the meatballs (processed meat 

product). WHC increased significantly from control, F1, 

F2, F3 and F4 as the okara flour addition increased 

throughout the formulations. F4 had the highest WHC 

compared to the control and those of F1, F2 and F3. 

According to Thebaudin et al. (1997), significant 

increased in WHC may occur because of the addition 

of dietary fiber that improved the water binding 

properties in meat products. Table 2 shows the results 

for pH values and WHC of sausages incorporated with 

okara flour. 

 

3.3  Color Measurement 

 

The L* value increased throughout the formulations 

from 50.12 to 62.36 but no significant difference was 

observed between F2 and F4. The higher the L* value, 

the lighter the color of the sausage. According to the 

value obtained, the F4 has the lightest color as 

compared to the other sausages. As for sausages, a 

higher L* value indicates a lighter color, which is 

desirable and has high consumer acceptance 

(Dingstad et al., 2005). The lower the a* value, the 

lighter is the red color of the final product. The 

incorporation of okara flour in F1, F2, F3 and F4 had 

reduced the redness value of the sausages as 

compared to control that has 100% of meat 

constituent. In addition, an increased in plant 

constituents may result in the dilution of meat heme-

pigment which is responsible for a darker red color of 

meat product (Pereira, 2011). Based on the b* value, 

the data increased significantly from 14.07 to 23.58 as 

the okara flour incorporation was increased in the 

formulation. Increased in b* value results in lighter 

yellow color. Sanjeewa et al. (2010) stated that an 

increased in b* value is due to the carotenoid pigment 

from okara flour. Table 3 shows the color of sausage 

formulations incorporated with okara flour. 

 

3.4  Texture Profile Analysis 

 

Based on the data obtained on the hardness of 

sausages (Table 4), it shows a significant decreased in 

value as the okara flour was increased in the 

formulation. A decrease in the hardness of sausage by 

the addition of texture-modifying ingredients may be 

associated with the water binding properties of the 

ingredient, such as soy protein, oat bran and starch 

where the ingredient may help absorb and retain 

moisture and finally give a tender end product (Yang 

et al., 2007). The lowest values were recorded for 

cohesiveness and springiness of the sausages as the 

okara flour incorporation was increased. This is 

because of the decrease in protein content of 

myofibril proteins, particularly myosin, which are 

responsible for the cohesiveness of cooked sausage 

ultimately affects mechanical properties; tensile and 

compressive strength (Daros, 2005). Another study 

done by Daros (2005), stated that substitution of 

common bean in meat muscle, dilutes the quantity of 

connective tissue in common bean-extended beef 

sausages and accounts for lower shear force values 

which result in lower cohesiveness, springiness as well 

as the chewiness values. 

 

3.5  Sensory Evaluation 

 

Based on the data obtained in Table 5, there were no 

significant difference (p<0.05) in appearance among 

Control, F1 and F2 (the scores ranged between 6.23 – 

6.67 indicating the category of ‘like slightly’ to ‘like 

moderately’), however there was a significant 

difference with F3 and F4 where the scores were in the 

category of ‘like slightly’ to ‘neither like or dislike’). For 

color attributes Control sample was comparable with  

F4 in the category of ‘like very much’. The least 

preferable sample was F3 while no  significant 

difference were observed between F1 and F2 samples 

where both were in the category of ‘like moderately’. 

For odor attributes, F1 and F2 were comparable to 

Control where the panelist ‘like very much’ while they 

rated ‘neither like or dislike’ for F3 and F4.  This could 

be due to the beany taste of okara flour. Brewer (2012) 

stated that the addition of large amounts of soy flour 

may cause the product to be soft and have 

undesirable taste. Acceptance of taste, reduced as 

the incorporation of okara flour increased throughout 

the formulations. This is mainly due to the beany taste 

contributed by the okara flour and also the 

consumer’s perception where they are used to the 

meaty taste of commercialized sausage. For texture 

attributes, the mean score decreased significantly as 

the okara flour increased throughout the formulations. 

Hoek et al. (2011), in their study reported that meat 

substitutes was not preferred by the panelist in overall 

sensory attributes.  

 

 

4.0  CONCLUSION 
 

Proximate compositions of sausages were significantly 

affected by the addition of okara flour. The increased 

in okara flour content resulted in poor textural 

properties in term of hardness, cohesiveness, 

springiness and chewiness. As for WHC, as the okara 

flour increased in the formulation, WHC also increased. 

In terms of color characteristics, the increase in okara 

flour content increased in L and b values but reduced 
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a values. According to sensorial evaluation, 

formulation F4 (40% okara flour, 60% beef meat) has 

the lowest overall acceptability score due to its poor 

texture and unacceptable taste). Hence it can be 

concluded that the incorporation of okara flour in the 

sausage formulations was not accepted in terms of 

taste and textural properties, but it has the potential to 

be used in the formulation of healthy sausage at a 

level not more than 20% okara flour.  This is because it 

has the ability to reduce the fat content while  

increase  in the fiber, ash and carbohydrate content. It 

is suggested that  improvement of sensorial properties 

of  sausages  incorporated with okara flour  should be 

conducted  for future work.  

 

Table 1 Proximate Composition of Sausages Incorporated with Okara Flour 

 

 Moisture Fat Crude 

Fiber 

Protein Ash Carbohydrate 

Control 

F1 

71.12±0.32a 

70.13±0.41b 

13.91±0.50a 

13.01±0.54b 

2.25±0.08e 

2.76±0.12d 

9.31±0.13a 

8.82±0.32b 

3.25±0.08d 

4.23±0.34c 

0.16±0.09e 

1.05±0.34d 

F2 68.82±0.63c 12.53±0.46b 3.06±0.06c 8.07±0.04c 5.76±0.04b 1.76±0.15c 

F3 66.16±0.59d 11.71±0.04c 3.87±0.11b 7.34±0.04d 7.29±0.01a 3.63±0.57b 

F4 65.06±0.28e 10.68±0.21d 5.23±0.16a 6.56±0.01e 7.39±0.05a 5.08±0.11a 

Means with different letter were significantly different at the level of p<0.05. Control (0% okara flour,   100% beef meat), F1 (10% okara flour, 90% beef 

meat), F2 (20% okara flour, 80% beef meat), F3 (30% okara flour, 70% beef meat) and F4   (40% okara flour, 60% beef meat). 

 

Table 2 pH Value and Water Holding Capacity Sausages Incorporated with Okara Flour 

 

 pH Value Water holding Capacity 

Control 

F1 

6.06±0.05d 

6.11±0.01d 

9.25±0.25d 

10.01±0.25c 

F2 6.15±0.01c 10.25±0.25c 

F3 6.31±0.05b 11.25±0.25b 

F4 6.58±0.05a 12.25±0.25a 

Means with different letter were significantly different at the level of p<0.05. Control (0% okara flour,   100% beef meat), F1 (10% okara flour, 90% beef 

meat), F2 (20% okara flour, 80% beef meat), F3 (30% okara flour, 70% beef meat) and F4   (40% okara flour, 60% beef meat). 

 

Table 3 Color of Sausage Formulations Incorporated with Okara Flour 

 

 Lightness Redness Yellowness 

Control 

F1 

50.12±0.73d 

57.74±0.06c 

11.22±0.13a 

7.65±0.02b 

14.07±0.02d 

16.58±0.06c 

F2 61.79±0.05a 6.95±0.05c 18.18±0.05b 

F3 60.15±0.01b 4.81±0.02d 23.21±0.01a 

F4 62.36±0.02a 4.32±0.00d 23.58±0.03a 
Means with different letter were significantly different at the level of p<0.05. Control (0% okara flour,   100% beef meat), F1 (10% okara flour, 90% beef 

meat), F2 (20% okara flour, 80% beef meat), F3 (30% okara flour, 70% beef meat) and F4   (40% okara flour, 60% beef meat). 

 

Table 4 Texture Profile of Sausage Formulations Incorporated with Okara Flour 

 

 Hardness (N) Cohesiveness Springiness Chewiness (N) 

Control 

F1 

2336.62±89.14a 

1732.98±41.76b 

0.67±0.02a 

0.59±0.01b 

0.91±0.02a 

0.86±0.02b 

71.73±0.32a 

69.53±0.33b 

F2 1261.98±46.76c 0.51±0.01b 0.82±0.02b 68.83±0.63c 

F3 481.05±9.389d 0.43±0.00c 0.66±0.04c 66.17±0.59d 

F4 461.99±15.59d 0.37±0.00d 0.61±0.02c 65.06±0.28e 

Means with different letter were significantly different at the level of p<0.05. Control (0% okara flour,   100% beef meat), F1 (10% okara flour, 90% beef 

meat), F2 (20% okara flour, 80% beef meat), F3 (30% okara flour, 70% beef meat) and F4   (40% okara flour, 60% beef meat). 

 

Table 5 Sensory Evaluation of Sausage Formulations Incorporated with Okara Flour 

 

 Appearance Color Odor Taste Texture Overall 

Acceptability 

Control 

F1 

6.67±1.57a 

6.43±1.61a 

8.00±0.91a 

7.00±0.87b 

8.13±0.71a 

8.00±0.52a 

8.03±1.33a 

7.53±0.35b 

8.03±1.56a 

7.05±0.31b 

8.13±0.33a 

7.13±0.36b 

F2 6.23±1.31a 7.00±0.57b 8.00±0.82a 6.23±0.61c 6.00±0.51c 6.49±0.61c 

F3 5.77±0.78b 3.00±0.96c 5.00±0.56b 5.67±0.91d 5.17±0.30d 5.00±0.31d 

F4 5.00±0.91c 8.00±0.82a 5.13±0.71b 3.13±0.28e 3.13±0.22e 3.00±0.28e 

Means with different letter were significantly different at the level of p<0.05. Control (0% okara flour,   100% beef meat), F1 (10% okara flour, 90% beef 

meat), F2 (20% okara flour, 80% beef meat), F3 (30% okara flour, 70% beef meat) and F4   (40% okara flour, 60% beef meat). 
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