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ABSTRACT 

 

Red beetroot is rich in phenolic acids and betalain as natural food-coloring agents. 

Freeze-dried red beetroot that ground into powder can be used as a source of natural coloring 

to substitute the use of synthetic food color additives as well as filler to substitute tapioca. This 

study evaluates the function of red beetroot powder not only as filler but also as coloring agent 

on chicken sausage. Furthermore, its effects as filler (tapioca and beetroot) were also observed 

on the physical and sensory characteristics of the produced chicken sausage. The substitution 

of tapioca flour and beetroot powder in this study were 18:0, 17:1, 16:2, and 15:3 (%:%). Each 

treatment was consisted of three replications. The examined physical properties include pH, 

water-holding capacity (WHC) and sensory properties. The study found that WHC, color, 

texture profile and sensory properties were influenced by the increasing level of beetroot flour 

ratio, while different ratios had no effect on the pH. Chicken sausages made with higher ratio 

of beetroot flour had good acceptability on flavor and color. The conclusions of this study were 

substitution tapioca with 2% beetroot powder influenced physical quality (water holding 

capacity and tenderness) and sensory (color and flavor) of chicken sausage. 
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INTRODUCTION 

 

Chicken meat has been developed not 

only as a primary food for human 

consumption but also developed into 

derivative products such as sausage. The 

processing of chicken meat without any 

additives into sausage would result in a 

colorless product. Therefore, the food 

industry, especially chicken sausage used 

food additives such as synthetic coloring 

additive to produce an attractive sausage that 

resembles beef sausage. The color 

evaluation of processed meat provide 

significant information on eating quality 

properties. Previous study reported that the 

color of the meat changes during cooking 

(Abdulhameed et al., 2016). Myoglobin is a 

heme pigment that responsible for meat 

color and can change according the 

oxidation states, such as deoxymyoglobin, 

oxymyoglobin, metmyoglobin, and sulphate 

myoglobin.  

It has been observed that during the 

thermal process, myoglobin structures 

changed into different forms due to the 

browning reactions, oxidation-reduction 

reactions, and oxygenation that affect the 

final meat color (García-Segovia et al., 2007; 

Saricoban and Yilmaz, 2010). Therefore, the 

addition of artificial or synthetic coloring 

agent is often required to produce more 

stable and brighter chicken sausage. 

However, the artificial coloring agent is not 

generally permitted due to the negative 

effect when consumed at certain 

concentrations.  

Furthermore, due to the increasing 

demand of a healthy food, reduced-fat food 

and meat products with zero synthetic 

additive have gain popularity among 

consumers. Skinless chicken breast meat is 

known for its high protein but low-fat food, 

and has been viewed as a healthier 

alternative product. Many non-meat 

ingredients have been added to a variety of 

meat products to improve the nutrition value 

but maintain the quality of the products. 

Many kinds of fillers such as tapioca starch, 

potato, pumpkin, carrots (Yadav et al., 2018) 

and sweet potatoes powder were used in 

sausage production. However, filler 

substitution could affect the physical and 

sensory properties of the sausage. In 

addition, many non-meat ingredients that 

used as filling agents could affect the 

appearance, flavor, and texture of the food-

products (Gravele et al., 2017), while also 

the lowering production cost as well.  

The red beet (Beta vulgaris L. var. 

conditiva) is a native plant that is widely 

consumed in Indonesia. The plant has 

moderate calories but rich of sugars and 

dietary fibers (Straus et al., 2012). The 

consumption of red beet can help preventing 

aging as it is rich in phenolic acids and has 

high antioxidant capacity (Ravichandran et 

al., 2013). The natural coloring agent found 

in red beet is betalain, which contains two 

groups of red-violet (betacyanins) and 

yellow (betaxanthin) pigments, and these 

pigments together result in different 

intensity of red color. The betacyanin mainly 

present in the roots of the red beets is known 
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as betanin (Nemzer et al., 2011). The 

compound has important antioxidant and 

natural coloring property (Georgiev et al., 

2010). Some studies have been carried out 

focusing on the use of different types of 

beetroot for attaining these properties in 

emulsion-type sausages (Jin et al., 2014; 

Yildiz et al., 2016). Moreover, the usage of 

red beetroot powder provides a simple way 

of producing red-colored product in order to 

improve its nutritional value and also to 

provide decorated food to the consumer. 

Other non-meat ingredients commonly used 

on the meat processing and preservation are 

hydrocolloids or structuring additives. 

Starches are known as multifunctional food 

ingredients (Baranowska et al., 2004).  

The application of starches could be 

used as adhesion, binding, emulsion 

stabilization, gelling, and moisture retention 

agents (Pietrasik, 1999). Tapioca flour as the 

source for starch could be used as binders to 

increase the emulsion characteristics of 

sausage. On the other hand, starches can act 

as fillers that bind water and fat (Heinz and 

Hautzinger, 2007). The addition of 

carbohydrates has been the commonly used 

to retain sensory properties of restructured 

meats by reducing fat content and improve 

the water holding capacity of the meat 

protein. Starches are commonly used in the 

meat industry to retain moisture by acting as 

coagulating agents through the formation of 

hydrogels. Starches are a popular ingredient 

and the use of starches as water binding 

agents in restructured meats is well 

established (Gravelle et al., 2017).  

The different characteristics of filler 

would affect the characteristics of final 

product as well. Therefore, study on filler 

substitution by using beetroot powder to 

improve physical and sensory properties of 

chicken sausage becomes necessary. The 

objective of this study was to evaluate the 

substitution of beetroot powder as a filler 

and the effect on the physical also sensory 

properties of chicken sausage. 

 

MATERIALS AND METHODS 

 

Materials 

The ingredients used in this study 

were breast chicken meat, beetroot powder, 

tapioca flour, soy protein isolate (SPI), 

spices (salt, fresh garlic, pepper powder), 

sodium tripolyphosphate (STTP), cooking 

oil, and ice water. Red beetroots were 

bought at a local market. The materials used 

in this experiment were grinder, meat 

chopper, penetrometer, electric digital scale, 

analytical scales, filter paper, cooking glove, 

stove, blender, pH meter, stainless steel pan 

and knife, thermometer, sausage casing,  

35 kg weight bar, millimeter block paper, 

permanent markers and stopwatch. 

 

Methods 

The breast chicken meat, spices, 

tapioca flour and beetroot powder were 

prepared and mixed. Red beetroot powder 

was prepared in different levels to substitute 

tapioca flour. The substitution of tapioca 

flour and beetroot powder were 18:0, 17:1, 

16:2, 15:3 (%/%). Each treatment was 

consisted of three replications. Prior to 

chopping, the red beetroots were washed 

and peeled. The chopped red beetroot was 

frozen at -20°C overnight and then placed 

into a freeze dryer in three freezing stages 

(at PT. Pura Barutama, Kudus). The first 

stage was freezing at −50°C and −80°C, the 

second stage was primary drying. In this 

phase, pressure is controlled through the 

application of partial vacuum. The vacuum 

sublimation by using condenser, and the last 

stage was secondary drying phase to remove 

unfrozen water molecules. All of the 

procedures were following the freeze 
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machine manual at PT. Pura Barutama, 

Kudus. The dried product was ground into 

powder with the final moisture content of 

the red beet powder was at 3.5±0.5%.  

The skinless chicken breast meat was 

purchased from a local retailer. Any 

excessive subcutaneous fat and connective 

tissues were trimmed off the meat and the 

lean meat was minced through. Four batches 

were prepared for each treatment. The basic 

recipe consisted of 65 % meat, 18% tapioca 

flour, 10% ice water and spices (garlic, 

pepper, salt). The minced meat was ground 

for 1 min by using a bowl cutter, and all of 

the ingredients were manually mixed for   

2 min and followed with mixer machine for 

15 min. The other batters were made by 

substituting the tapioca flour percentage (1, 

2 and 3%) with red beetroot powder. The 

batter was stuffed into plastic sausage 

casings. The sausages were cooked in a 

steaming at internal temperature of 80°C. 

The emulsified sausages were then cooled 

and analyzed. 

 

Physical characteristics 

The pH measured by using pH meter. 

The calibration was done before the test by 

using buffer solution and washed with 

distilled water. Measurements were made  

3 times and then the results were obtained by 

measuring the average pH value (Bouton et 

al., 1971). Meat tenderness was observed by 

using penetrometer needle then the 

tenderness value was obtained from the 

average tenderness from three times 

measurement in the different meat spots 

Candogan and Kolsarici (2003). The water 

holding capacity test was performed by 

following Hamm (1986) method with 

modification. As much as 0.3 g meat 

sausage sample was pressed with 35 kg 

weight bar on a filter paper between two 

square glasses for 5 min (Soeparno, 2005). 

Sensory characteristics 

The sensory characteristics was 

evaluated by 25 panelists from Universitas 

Gadjah Mada, Yogyakarta. The panelists 

were selected based on the sausage intake 

frequency and experience in sensory 

evaluation of different types of meat 

products. The panelists evaluated each 

treatment in triplicates. The observed 

variables include color, taste, flavor, texture, 

firmness and acceptability of the chicken 

sausage by using the scoring method by 

(Kartika, 1988), with score of 1 showed bad 

or slightly extreme and 5 showed good or 

too extreme for each respected variable. 

 

Color 

The color of the sausage was 

measured using a CR-300 chromameter 

(Minolta Co., Japan) that was calibrated 

with a white plate prior to use. 

 

Data analysis 

The data of physical characteristics 

were analyzed statistically by using analysis 

of variance (ANOVA) and the differences 

between means were tested by Duncan’s 

multiple range tests (Steel and Torrie, 1993). 

The data of sensory characteristic were 

analyzed by using non parametric test 

(Kruskal-Wallis test) (Steel and Torrie, 

1993). The data of color measurement were 

analyzed descriptively. 

 

RESULTS AND DISCUSSION 

 

Physical quality of chicken sausage 

The results of physical quality 

analysis of the chicken sausage with 

substitution different beetroot powder 

substitution levels are shown at Table 1. The 

physical quality of chicken sausages was 

observed by measuring the pH, water 

holding capacity (WHC) and tenderness.  
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pH value  

The pH value of chicken sausage with 

the addition red beetroot powder are 

presented in Table 1. Based on the analysis 

of variance, red beetroot powder did not 

significantly affect the pH of chicken 

sausage. However, the increasing 

substitution level of red beetroot powder 

tended to increase the pH value but still 

within the acceptable range according to 

national standard (BSN, 2015). These 

findings are in line with the results of the 

research Yadav et al. (2017), which showed 

the pH value of chicken sausage with the 

addition of dried carrot and wheat bran were 

5.96 to 6.36. Lengkey and Lobo (2016) also 

reported the same range of pH value (6.11 to 

6.25) on native chicken sausage and had 

similar pH value of rabbit sausage. The pH 

value of the sausage batter is affected by the 

used meat, as well as the pH value of the 

non-meat ingredients including filling 

agents that are used for sausages processing 

(Soeparno, 2005). Beets have a pH ranging 

from 5.75 to 6.46 (Herbach et al., 2006) and 

the pH range of meat was from 5.96 to 6.07 

(Van Laack et al., 2000).The pH value of the 

chicken sausage has the same range because 

all of the batter using the same meat 

ingredient, chicken meat, and the proportion 

dominated the sausage formulation.  

Even the addition of beets can increase 

(Jin et al., 2014) or decrease the pH (Choi et 

al., 2017), but the addition of up to 3% red 

beetroot powder to substitute tapioca flour in 

this research did not affect pH of the chicken 

sausage. Thus, showed that the use of red 

beetroot powder until 3% could substitute 

tapioca flour without affecting the pH value 

of chicken sausage.

 

Table 1. The pH value, water holding capacity, and tenderness of chicken sausage with 

different substitution level of beetroot powder 

Physical qualities 
Treatments 

T0 T1 T2 T3 

pH valuens 6.57±0.29 6.57±0.28 6.57±0.04 6.57±0.29 

WHC (%) 62.44±2.02a 64.62±1.7bc   .63.1±1.39ab. 66.16±0.7c..   

Tenderness (mm/50 g/s)  9.49±0.89a  9.67±0.53a  10.67±1.11ab 10.95±1.05b 

Description: Mean±SD, 𝑛=5. ns Not significant. a,b,c Different superscripts at the same row 

indicate significant differences (𝑃 < 0.05). 

 

Water-holding capacity (WHC)  

Water-holding capacity is the ability 

of meat to retain moisture during cutting, 

heating, grinding and processing (Soeparno, 

2005). The water-holding capacities of 

chicken sausages with beetroot powder are 

presented in Table 1.  

Beetroot powder substitution levels 

significantly affected the water-holding 

capacity of chicken sausage (P<0.05). The 

increasing substitution levels of beetroot 

powder would increase the WHC of chicken 

sausage. This is due to the fact that beetroot 

powder has a larger particle size compared 

to tapioca flour, which will cause increased 

water holding capacity. According to 

Bouton et al. (1972) the water-binding of 

meat protein are affected by pH.  

The pH at above the isoelectric point 

is needed to bind water (the isoelectric point 

was 5.0 - 5.2). According to Aberle et al. 

(2001), water-holding capacity is affected 

by pH and increased pH value was a linear 

correlation with increasing WHC (Swatland, 

1984). At pH values higher than the 

isoelectric point, a number of positive 
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charges are freed and there is a surplus of 

negative charges which results in 

myofilaments repelling and giving more 

space to water (Soeparno, 2005).  The high 

amount of protein is responsible to increase 

the binding capacity of sausage water. Sun 

et al. (2011) found that the myofibrillar 

proteins was primarily affected by salting 

and cooking structurally, resulting in the 

changes in protein functionalities, e.g. 

water-binding ability. Soeparno (2005) state 

that the ability to bind water to meat 

products will be in accordance with the 

protein levels present in these meat products. 

The higher protein content would cause 

higher water binding capacity of the meat 

product. According to Gravelle et al. (2017), 

when the pH increases the protein becomes 

more negatively charged.  

The high negative charge will increase 

the repulsive power between proteins in 

myofibrils. Myofibrils would expand and 

retain water which causes an increase in 

water content. The ability of myofibrillar 

proteins to stabilize the water phase rapidly 

degraded with increasing particle size, 

requiring a much higher filler content to 

eliminate liquid losses. It means that tapioca 

flour particle was smaller than beetroot 

powder and the associated increased surface 

area available to interact with water. 

 

Tenderness 

Tenderness or also called elasticity in 

meat product is the structural changes 

against resistance to breakage due to 

compressive forces that can change its shape. 

The pressure on the product caused a change 

in the product and then solves the product. 

This property is essential concerning the 

quality of food products in the gel form. The 

tenderness value of chicken sausage with 

beetroot powder substitution was 

significantly different (P <0.05). The 

increasing substitution levels of beetroot 

powder significantly increase the chicken 

sausage tenderness. The greater sausage 

tenderness can be interpreted with the 

decrease of sausage elasticity. Research 

showed that the denaturation of myofibrillar 

proteins make the meat tougher, but the 

gelatinization of connective tissue re-

tenderizes the meat (Sanghoon et al., 2011).  

The combination of myofibrillar-

gelatin sources affects the gel strength or 

hardness (Brewer et al., 2005) and reduce 

the fat emulsion of meat products (Matulis 

et al., 1995). The tenderization of meat 

could be related to the weakening of the 

connective tissue caused by the thermal 

generation of gelatin which improved meat 

tenderness (Dhanapal et al., 2012; Kong et 

al., 2008). 

 

Sensory quality of chicken sausage 

As shown in Table 2, the color, flavor, 

tenderness, juiciness, texture and the 

acceptability of chicken sausage was 

affected differently by the addition of 

beetroot powder. 

 

1. Color 

Color showed significant effects from 

beetroot powder substitutions in emulsified 

sausages (P<0.05). The results showed that 

the substitution levels of beetroot powder 

affect the redness color. Higher redness 

color made chicken sausage become more 

attractive for the consumer. 

 In this research, the increased 

substitutions beetroot powder level also 

increased red color intensity. The betalain 

contain in beetroot powder contributed 

increasing redness. Delgado-Vargas (2000) 

explained that betalain is abundant in parts 

of plants such as flowers, roots, fruits and 

leaves. Beetroot contains betalain which 

produces a purplish red color. 
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2. Flavor 

As shown in Table 2, the chicken 

sausage flavor had significant difference 

(P<0.05) between treatments. The results 

showed that the flavor was decreased due to 

the earthy taste of the beetroot powder, 

which contribute into sensory parameter. 

The higher beetroot powder substitution 

levels also increased the earthy taste in 

chicken sausage.  

The earthy taste found in the red beets 

was due to the geosmin compound found in 

the red beets (Lu, et al, 2003). Geosmin 

(trans-1, 10-dimethyl-trans-9-decalol) is a 

secondary volatile aromatic metabolite 

compound responsible for the characteristic 

flavor of the soil in red beets (Lu, et. Al., 

2003). 

 

3. Juiciness 

As shown in Table 2, the juiciness of 

chicken sausages showed no significant 

difference among treatments. The increased 

beetroot powder level in chicken sausages 

did not affect the juiciness, even though 

slight increase of the juiciness was found 

along the increased beetroot powder level. 

The results are in line with Choi et al. (2010) 

which added fiber from rice bran and 

hazelnut pellicle to emulsion-type sausage. 

 

4. Texture  

The effect of beetroot powder addition 

on the texture of chicken sausages was not 

significant (Table 2). Texture is meat 

characteristics that related to the coarseness 

of meat fiber. There were not any differences 

in the texture with increasing beetroot 

powder level.  

Sausage batter with increased beetroot 

powder did not affect the emulsion, thus did 

not decrease the sausage texture as well. 

Emulsion would decrease the texture. The 

factors that influence the measurement of 

texture is water content. The tenderness is 

achieved due to the higher thermal 

denaturation of myofibrillar proteins and 

collagen as confirmed by previous studies 

(García-Segovia et al., 2008; Khan et al., 

2014).  

The decrease in the hardness of meat 

products during cooking occurs as the cell 

stiffness is declining, starch is gelatinized 

and the cell wall bonds are weakened 

(Verlinden et al., 1995). In addition, it was 

observed that there was a remarkable 

tenderizing effect post thermal processing 

due to the denaturation of proteins induced 

by high temperature exposure and also due 

to the uncoiling of polypeptide chains 

(Dhanapal et al., 2012) 

 

Table 2. The sensory qualities of chicken sausage with different of beetroot powder substitution 

levels 

Sensory qualities 
Treatments 

T0 T1 T2 T3 

Color 1.01±0.11a 1.65±0.58b 2.91±0.72c. 2.91±.72c. 

Flavor .3.69±0.78b 3.53±0.79ab 3.37±0.8a. . 3.37±0.8a. 

Juiciness 2.88±0.85. 2.99±0.7. . . 3.03±0.75. . 3.03±0.7. . 

Texture 3.11±0.83 3.11±0.74. .  3.16±0.75. . 3.16±0.75. 

Acceptability 3.52±0.9 .   3.44±0.81. . 3.29±0.87. . 3.29±0.87. 

Description: Mean±SD, 𝑛=5. a,b,c,d Different superscript at the same row indicated a 

significant difference (P<0.05). 
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5. Overall acceptance 

As shown in Table 2, there was no 

significant difference among treatments in 

overall acceptance. Generally, it is observed 

that increasing beetroot powder up to 3% did 

not alter the acceptance of chicken sausage. 

 

CONCLUSION 

 

This study concludes that the 

substitution of tapioca with 2% beetroot 

powder influenced physical (water holding 

capacity and tenderness) and sensory (color 

and flavor) quality of chicken sausage. 
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