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Abstract: This paper presents a study of the possibilities of using inulin gel and oat bran flour, in 

combination or individually, as substitutes for pork back fat in the formulation for a leberkäse meat 

product. Different concentrations of pork back fat, inulin gel, and oat bran flour were used for the 

preparation of the samples. The samples were analyzed based on physicochemical indicators, color 

characteristics, emulsion stability, sensory evaluation, and texture properties by performing a cutting 

test analysis using a texture analyzer. Adding oat bran flour and inulin gel led to a significant (P<0.05) 

increase in the moisture content and a decrease in the fat content. The addition of oat bran flour affected 

the color parameters considerably, and the а*, b*, С, and h values increased compared to the inulin gel 

samples and the control sample. The content and type of the functional additives used had a significant 

effect (P<0.05) on the texture of the finished leberkäse samples, with a direct relationship between their 

hardness and the inulin gel and oat bran flour quantity. Using oat bran flour and inulin gel enhanced the 

nutritional profile of the leberkäse meat products by enriching them with dietary fibers. 
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1. Introduction 

The meat industry nowadays, in particular, shows increasing interest in the 

reformulation of traditional meat products, taking into account people’s growing awareness of 

healthy and balanced diets. Traditional meat products are high in fat; hence, the efforts directed 

toward fat reduction aim to help consumers limit the intake of large fat amounts, including 

saturated fatty acids and cholesterol [1]. Excessive fat consumption is related to the 

development of cardiovascular and chronic diseases [2,3]. Fats, however, are an important 

factor in the quality of products, their technological properties, and consumer sensory 

perception. Fat reduction may have a negative effect on several technological and sensory 

characteristics of meat products; it may result in changes in emulsion stability, such as fat and 

water loss during heat treatment, and degrade the quality of the finished products [4]. The meat 
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industry is challenged to develop meat products with reduced fat content without 

compromising their technological and sensory characteristics. In this aspect, the possibility of 

using inulin in gel form and oat bran flour as fat substitutes would be a suitable approach to 

reducing animal fats and simultaneously improving the nutritional value of products by 

enriching them with dietary fiber and encouraging consumers’ healthy habits [5,6].  

Different data are available in the literature on the use of inulin and oats in various 

forms as sources of dietary fiber [7,8]. Oats and all their forms are rich in high-quality proteins, 

vitamins, and unsaturated fatty acids [9] and contain a specific type of fiber known as β-glucan 

[10]. The health claim of oat fiber is related to the β-glucan it contains, which can actively 

reduce the LDL cholesterol and the total cholesterol in the blood [11]. Oat fiber is added to 

different meat products to counteract the fat reduction problems [12-14]. Thus, it was reported 

that the meatballs to which oat bran had been added as a fat substitute had a lower concentration 

of total fat and trans-fatty acids than the control samples [15]. 

On the other hand, inulin and the dietary fiber it contains [16] can form a gel due to its 

ability to retain fat and water, leading to higher yields and better structural integrity of the meat 

products with reduced fat content. Inulin is a functional food additive used in various foods as 

a fat substitute, energy content reducer, and improver of food product structure, viscosity, 

emulsion, and water holding parameters [17]. Its main health benefits are related to a reduced 

risk of atherosclerosis, osteoporosis prevention [18], control over the glucose level in the blood 

[19], and stimulation of the immune system [20].  

This study aimed to evaluate the effect of animal fat substitution with inulin gel and oat 

bran flour, individually or in combination, on the physicochemical and technological 

parameters, the emulsion stability, and sensory acceptance of the reformulated leberkäse meat 

products obtained. 

2. Materials and Methods 

The following formulation of a leberkäse meat product was used in the experiment: 

beef (300 g.kg-1), turkey (300 g.kg-1), poultry liver (80 g.kg-1); wheat flour (2 g.kg-1); fat (370 

g.kg-1); sodium chloride (2.5 g.kg-1); sodium nitrite (0.05 g.kg-1); black pepper (1.5 g.kg-1); 

nutmeg (0.8 g.kg-1); cardamom (0.8 g.kg-1); cumin (0.8 g.kg-1) and water (200 g.kg-1). Seven 

experimental samples were prepared with different concentrations of pork back fat, inulin gel, 

and oat bran flour, according to Table 1.  

Table 1. Model formulations of meat products: leberkäse with pork back fat, oat bran flour, and inulin gel. 

Sample 

Ingredient proportion, g.kg-1 

Pork back fat 

(X1) 

Inulin gel 

(X2) 

Oat bran flour 

(X3) 

1 370 0 0 

2 0 370 0 

3 0 0 370 

4 185 185 0 

5 185 0 185 

6 0 185 185 

7 123 123 123 

The turkey meat, beef meat, pork back fat, and poultry liver were purchased from and 

supplied by meat manufacturing companies in the region. The oat flour was purchased from 

shops. The inulin (Orafti®HPX) was provided by ARTEMIS Ltd and was used in the 

experiment in the form of a gel obtained through hydration in a 1: 4 (w/v) ratio as described by 
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Latoch et al. [21]. The oat bran flour was hydrated in the same ratio. The two functional 

ingredients were added during the processing in the cutter. During cutting, water was added to 

the amount of 20% of the weight of the raw meat material. The ready mixture was filled in 

aluminum trays, which were baked in a convection oven under the following conditions: first, 

at 70 °С for 30 minutes; next, the temperature was increased constantly up to 110°С; afterward, 

at the second hour, the temperature was increased to 130°С. The total baking time was 120 

minutes until a temperature of 72°С was reached at the center. The resultant samples were 

cooled at 2 – 4°С until the temperature at the center of the samples was not higher than 4°С. 

Physicochemical analyses of the leberkäse meat product were performed 24 hours after 

its preparation. The moisture content (MC) of the tested samples was determined by drying at 

104±1 °C to a constant weight using a KERN MLS-A moisture analyzer (Kern & Sohn GmbH, 

Germany). The protein content was evaluated by the Kjeldahl method following [22]; the total 

fat was assayed by the Soxhlet method following [23]; the ash content was assayed following 

[24], the carbohydrate content following [25], and the dietary fiber content following [26]. The 

energy value was calculated using the arithmetic means of the total chemical composition 

according to EO Regulation 1169/2011. 

The water activity (aw) was measured using HygroPalm – HP23 at 22-25ºC. The pH 

measurement was carried out using an MS 2004 pH meter (Microsyst, Bulgaria) on a pre-

prepared aqueous extract of the sample at a sample/water ratio of 1: 9 (w/v).  

The assay of the thiobarbituric acid reactive substances (TBARS) was performed 

according to the method described by Cabral et al. [27].  

The color parameters were determined spectrophotometrically using a Minolta Сhroma 

meter (model CR 410, Osaka, Japan) in the CIELab system.  

The emulsion stability was determined using the method described by Zorba et al. [28].  

The texture of the samples was analyzed with a cutting test. A TA-XT Plus texture 

analyzer (Stable Micro Systems, Surrey, England) was used to measure the force–deformation 

curves. The test cell consisted of a thick steel blade, which was fitted through a slit in a table 

(like a guillotine blade). The blade edge was not sharpened and fitted loosely into the slit in the 

table. The pieces of the leberkäse sample (width=50±5 mm, height=25±2 mm) subjected to the 

test were placed on the table, under the blade, and were cut through as the blade moved down 

at a constant speed through the slit in the table (the assay parameters were as follows: pre-test 

speed: 10.0 mm.s-1; test speed: 20.0 mm.s-1; post-test speed: 20.0 mm.s-1). The down stroke 

distance was 30.0 mm (the blade had to cut the meat completely). The initial slope (slope of 

the first linear part of the force-deformation curve, N/mm), the cutting force (maximum force, 

N), cutting deformation (deformation at cutting force, mm), and cutting energy (integrated area 

under the full cutting, N.mm) were used for statistical evaluation, and three repetitions were 

performed on the samples [29]. The cutting energy and cutting force were estimated using a 

knife blade attached to the TA-XT Plus texture analyzer (Stable Micro Systems, Surrey, GB). 

The cutting force is obtained as the maximum force required for cutting the sample, whereas 

the TPA hardness is the maximum force needed for compressing the sample [30]. The sensory 

evaluation of the samples was performed using a five-digit hedonic scale, where 5 

corresponded to the highest value and 1 to the lowest value of the assessment for the given 

indicator. The tasting panel included 10 tasters, and the leberkäse were evaluated according to 

the following qualitative sensory descriptors: appearance, color, consistency, flavor, aroma, 

aftertaste, and an overall assessment of the perception of the products. 
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All the data obtained were analyzed statistically by one-way analysis of variance 

(ANOVA) using the Statgraphics 16 software product. Significant (P<0.05) differences 

between the treatments were determined using Duncan’s post hoc test. All experiments were 

performed in triplicate, and the data presented in the tables and figures were expressed as means 

± standard deviation (SD). 

3. Results and Discussion 

3.1. Proximate composition analysis.  

The results in Table 2 indicate that the content and type of functional additives used 

had a significant (Р<0.05) effect on the chemical composition of the finished leberkäse 

products. The fat substitution with inulin gel and/or oat bran flour resulted in products of 

reduced energy value, which was inversely proportional to the percentage of fat substitution. 

The fat reduction was the highest in sample 3, where we had used oat bran flour, followed by 

sample 7, where equal amounts of pork back fat, inulin gel, and oat bran flour were used. It 

had been anticipated that the moisture content in the final products would be affected 

considerably by the percentage of water added to the formulations. The highest water content 

was registered in sample 6, which was statistically discernible (Р<0.05) from the other samples. 

The water content was higher in the oat bran flour samples, followed by the inulin gel samples, 

and these results could be attributed to the better water retention and hygroscopic properties of 

oat bran flour [31]. This, in turn, could be expected to affect the texture parameters of the 

product as well [32,33]. Data similar to ours have been reported by Alves et al. [34], who used 

green banana flour and pork skin emulsion as animal fat substitutes. 

Regarding the proteins in the finished products, there were also statistically significant 

(P<0.05) differences between the control and the test samples. The lowest and statistically 

discernible (Р<0.05) protein quantity was found in sample 4, followed by sample 6. This 

quantity was the highest in sample 7, where we had added equal amounts of pork back fat and 

the two functional additives. The carbohydrate content ranged between 6.8% and 12.32%, this 

content being higher in the inulin gel samples compared to the oat bran flour and the control 

samples. This, as well as the dietary fiber content, resulted directly from the chemical nature 

of the ingredients. The dietary fiber content was the highest in the samples where the animal 

fat had been replaced by inulin gel, followed by the oat bran flour samples.  

Table 2. Proximate composition (%), dietary fiber, and energy value of control and reformulated leberkäse 

samples. 

Sample Indicator 

Moisture 
content, % 

Protein, % Fat, % Carbohydrates, 
% 

Dietary 
fiber, % 

Ash, % Energy value, 
KJ/kcal 

1 35.73±5.45a 9.18±0.12c 28.50±0.22f 8.77±0.28b 4.57±0.23a 3.00±0.9ab 326/1362 

2 66.49±4.49cd 10.62±0.05e 11.93±0.12e 12.32±0.09e 15.71±0.38f 2.55±0.5a 199/832 

3 66.89±2.11d 9.50±0.18d 8.00±0.18a 8.90±0.14b 11.74±0.21d 2.98±0.05ab 153/639 

4 59.69±2.71b 7.80±0.2a 11.66±0.25e 10.09±0.21d 14.59±0.22e 2.82±0.14a 177/739 

5 63.98±2.08bcd 9.14±0.05c 10.93±0.21d 6.80±0.05a 6.12±0.12b 3.60±0.21b 162/677 

6 68.80±2.8cd 8.12±0.17b 9.70±0.15c 9.96±0.1d 8.77±0.01c 3.27±0.17ab 159/667 

7 63.64±3.37bc 11.32±0.21f 9.17±0.23b 9.20±0.12c 4.82±0.16a 3.10±0.19ab 164/688 
a-f - values within the same column bearing a common superscript did not differ statistically (P>0.05). 

Sample description: sample 1 –pork back fat only; sample 2 –inulin gel only; sample 3 – oat bran flour only; 

sample 4 – equal proportions of pork back fat and inulin gel; sample 5 – equal proportions of pork back fat and 

oat bran flour; sample 6 – equal proportions of inulin gel and oat bran flour; sample 7 – equal proportions of pork 

back fat, inulin gel and oat bran flour. 
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3.2. TBARS value, pH, and aw analysis. 

Table 3 shows the results on the TBARS, water activity (aw), and pH values of the 

leberkäse samples. The quantity of the lipid oxidation by-products was determined through 

TBA and expressed as mg MDA kg-1 leberkäse. The resultant values ranged from 0.048 mg 

MDA kg-1 for sample 1 to 0.241 mg MDA kg-1 for sample 6, where the fats had been completely 

replaced by equal amounts of inulin gel and oat bran flour. According to some authors [35-38], 

a higher fat content led to larger amounts of oxidation products. In our samples, however, more 

significant oxidation products were observed in the samples with reduced fat. Also, adding oat 

bran flour led to higher values of this parameter compared to the inulin gel samples. The water 

activity in the different formulations did not differ significantly (Р>0.05) and ranged between 

0.945 and 0.957. Regarding the pH values of the leberkäse products, higher values were 

observed in the inulin gel samples compared to the control and oat bran flour samples. A similar 

increase in pH was also reported by Méndez-Zamora et al. [39]. 

Table 3. Effects on the TBARS, pH, and aw values of the control and reformulated leberkäse with different 

degrees of fat substitution with inulin gel and oat bran flour. 

Sample Indicator 

pH aw TBARS, mg MDA/kg 

1 5.61±0.02a 0.945±0.002a 0.048±0.001a 

2 6.17±0.01d 0.954±0.003ab 0.084±0.001b 

3 5.92±0.03b 0.954±0.006ab 0.152±0.002f 

4 6.2±0.05d 0.948±0.002ab 0.094±0.001c 

5 6.07±0.03c 0.954±0.008ab 0.118±0.003e 

6 6.03±0.02c 0.957±0.009b 0.241±0.007g 

7 6.06±0.07c 0.952±0.001ab 0.11±0.002d 
a-d - values within the same column bearing a common superscript did not differ statistically (P>0.05) 

Sample description: sample 1 –pork back fat only; sample 2 –inulin gel only; sample 3 – oat bran flour only; sample 4 – equal 

proportions of pork back fat and inulin gel; sample 5 – equal proportions of pork back fat and oat flour; sample 6 – equal 

proportions of inulin gel and oat bran flour; sample 7 – equal proportions of pork back fat, inulin gel and oat bran flour. 

Table 4 shows the results of the color evaluation of the samples. The L* values ranged 

between 50.92 and 58.29, the lowest ones reported for sample 1 and the highest for sample 4, 

where 50% of the animal fat had been replaced with inulin gel. The inulin and oat bran flour 

hydration and their color characteristics caused the changes in the lightness of the experimental 

samples compared to the control sample. A difference in the color lightness of bologna-type 

sausages was also reported by Fernández-Ginés et al. [40]. Higher а* and b* values were 

observed in the oat bran flour samples, followed by the inulin gel samples. Contrary to the data 

reported by Keenan et al. [41], which indicated that the addition of inulin as a fat animal 

substitute in sausages had no considerable effect on the a* values, the a* values we measured 

varied across the individual samples examined (Table 4), with the highest a* value measured 

in sample 3, and the lowest one in sample 5. Regarding the yellow color component b*, 

similarly to lightness, the lowest values were measured in the control sample and the highest 

ones in sample 6. Inulin gel and oat bran flour increased a* and b* values compared to the 

control sample (P<0.05).  

Table 4. Effects on the color parameters of the control and reformulated leberkäse samples with different 

degrees of fat substitution with inulin gel and oat bran flour. 

Sample Color parameters 

L* a* b* C h 

1 50.92±0.86a 11.67±0.52bc 10.22±0.02a 15.52±0.15a 41.18±0.57a 

2 55.36±1.58b 11.39±0.58abc 11.81±0.32b 16.4±0.63ab 46.06±0.78b 

3 56.78±1.31bc 15.04±0.66e 15.27±0.41d 19.24±0.61c 52.51±0.55c 

4 58.29±0.78c 10.89±0.49ab 13.16±0.38c 17.08±0.58b 50.39±0.5c 
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Sample Color parameters 

L* a* b* C h 

5 55.45±0.84b 10.49±0.64a 13.00±0.57c 16.76±0.09b 51.1±2.93c 

6 57.73±2.6bc 11.92±0.29cd 15.17±0.76d 19.3±0.65c 51.8±1.45c 

7 55.71±1.77bc 12.86±0.76d 13.41±0.18c 18.59±0.55c 46.24±1.68b 
a-g -values within the same column bearing a common superscript did not differ statistically (P<0.05) 

Sample description: sample 1 –pork back fat only; sample 2 –inulin gel only; sample 3 – oat bran flour only; sample 4 – equal 

proportions of pork back fat and inulin gel; sample 5 – equal proportions of pork back fat and oat bran flour; sample 6 – equal 
proportions of inulin gel and oat bran flour; sample 7 – equal proportions of pork back fat, inulin gel and oat bran flour. 

These results are in conformity with those presented by [42,43], who used oat β-glucan 

and inulin in the formulation of sausages and poultry burgers. Higher chroma and hue values 

were obtained in the oat bran flour samples, but the inulin gel samples were closer to the control 

sample. 

3.3. Texture analysis and sensory perception.  

Table 5 shows the results concerning the emulsion stability of the leberkäse samples. 

The highest and statistically discernible emulsion stability compared to the other samples was 

measured in sample 1 (Р<0.05), as the animal fat substitution with inulin gel and/or oat bran 

flour had reduced it. The lowest emulsion stability was observed in the sample where the fat 

had been completely replaced with inulin gel, followed by the sample with equal proportions 

of inulin gel and oat bran flour. Nevertheless, the emulsion stability was the closest to the 

control sample in the sample, where the addition of inulin gel had reduced the animal fat by 

half. This conforms with the data reported by Illippangama et al. [16], which indicated that the 

use of inulin could considerably improve some technological properties, particularly the 

emulsion stability of cooked meat products. 

Warner Bratzler's results usually provide information on the softness and tenderness of 

meat food. Table 5 shows that the highest maximum cutting force and, respectively, energy, 

were required to cut a piece of sausage from sample 6, where inulin gel and oat bran flour had 

been used in equal amounts as animal fat substitutes, and from the control sample, the data on 

these two samples being statistically discernible (P<0.05) from each other and discernible from 

the other samples (P<0.05). The lowest maximum cutting force and energy were registered 

with the inulin gel samples. These results correlate with the general opinion expressed by the 

members of the tasting panel, stating that the oat bran flour samples featured ‘too thick 

consistency’, whereas the inulin gel samples had ‘too soft consistency’. A similar relation 

between reduced hardness and the sensory grades of cooked sausages was also reported by 

Sarteshnizi et al. [42], who used β-glucan and starch for fat reduction. 

Table 5. Effects on the texture properties and emulsion stability of the control and reformulated leberkäse 

samples with different degrees of fat substitution with inulin gel and oat bran flour. 

Sample 

 

Indicator 

Emulsion 

stability, % 

Initial slope 

(N/mm) 

Cutting force 

(N) 

Cutting distance 

(mm) 

Cutting energy 

(N mm) 

1 75.18±1.62f 1.25±0.24d 20.62±3.02e 24.23±0.51cd 359.89±19.2d 

2 43.76±1.69a 0.83±0.03b 7.98±1.34bc 20.42±2.21bc 159.97±22.66b 

3 49.97±1.42b 1.21±0.18cd 15.07±2.81d 23.46±0.93cd 236.29±31.39c 

4 68.88±1.53e 0.20±0.03a 2.92±0.48a 14.51±2.68a 68.81±3.65a 

5 63.48±1.42d 0.29±0.07a 6.42±1.23ab 16.61±2.79ab 82.43±8.96a 

6 49.68±1.34b 2.67±0.42e 35.46±3.62f 26.96±4.25d 518.66±73.33e 

7 57.9±1.28c 0.92±0.16bc 10.89±1.72c 21.17±3.25c 163.85±22.51b 
a-g -values within the same column bearing a common superscript did not differ statistically (P<0.05) 

Sample description: sample 1 –pork back fat only; sample 2 –inulin gel only; sample 3 – oat bran flour only; sample 4 – equal 

proportions of pork back fat and inulin gel; sample 5 – equal proportions of pork back fat and oat bran flour; sample 6 – equal 
proportions of inulin gel and oat bran flour; sample 7 – equal proportions of pork back fat, inulin gel and oat bran flour.  
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Table 6 shows that the use of inulin gel as a fat animal substitute affected the appearance 

and consistency. The grades scored for these samples were significantly lower than those 

scored for the correspondent oat flour and the control samples. This was most probably due to 

the too-soft consistency of the products obtained, which the tasters described as untypical of 

this product range. The lowest grades for these parameters were given to sample 6, where the 

entire pork back fat had been replaced with equal amounts of inulin gel and oat bran flour. The 

panelists found a reduced aroma intensity at chewing in samples 2, 6, and 7 compared to the 

control sample. Afshari et al. [44] also reported a reduction in the aroma intensity by adding 

inulin and β-glucan. Still, their results on the overall acceptance did not differ significantly 

from the control sample. However, we found significant differences (P<0.05) between the 

individual samples, the highest overall grade having been scored by sample 1 (the control 

sample), followed by samples 4 and 7. In contrast, lower grades were given to samples 6, 2, 5 

and 3 (fig. 1). 

Table 6. Effects on the sensory descriptors of the control and reformulated leberkäse samples with oat bran 

flour and inulin gel and a different speed/degree of substitution of fats. 

Sample Indicator 

Appearance Colour Consistency Taste Aroma Aftertaste 

1 4.33±0.98d 4.33±0.82b 4.33±0.82c 4.08±0.58b 4.42±0.49a 2.92±1.56a 

2 2.5±1.25ab 3.42±1.43ab 2.67±1.4ab 2.67±1.17a 3.92±1.5a 2.00±1.26a 

3 3.92±1.02cd 3.42±0.92ab 3.83±1.47bc 3.25±1.21ab 3.5±1.18a 2.58±1.39a 

4 2.92±1.11bc 3.17±1.21ab 3.25±1.08abc 3.67±0.98ab 4.42±0.8a 2.67±1.44a 

5 3.83±0.82cd 3.75±0.76ab 3.58±1.28bc 3.92±0.86b 4.08±0.92a 2.58±1.36a 

6 1.58±0.58a 2.67±1.21a 1.83±0.98a 3.58±0.92ab 3.92±0.92a 3.00±1.64a 

7 3.42±1.36bcd 4.08±0.2b 3.67±1.4bc 3.08±1.43ab 3.75±1.47a 3.00±1.52a 
a-d -values within the same column bearing a common superscript did not differ statistically (P < 0.05) 

Sample description: sample 1 –pork back fat only; sample 2 –inulin gel only; sample 3 – oat bran flour only; sample 4 – equal 
proportions of pork back fat and inulin gel; sample 5 – equal proportions of pork back fat and oat bran flour; sample 6 – equal 

proportions of inulin gel and oat bran flour; sample 7 – equal proportions of pork back fat, inulin gel and oat bran flour.  

 
Figure 1. Overall sensory acceptance of the control and reformulated leberkäse samples with inulin gel and oat 

bran flour with different degrees of fat substitution. 

4. Conclusions 

The physicochemical, technological, and sensory parameters were largely affected by 

the functional additives used, inulin or oat bran flour, and the quantity that replaced the pork 

fat in leberkäse formulations. The addition of hydrated oat bran flour and inulin gel increased 

the water content and reduced the fat content and the energy score of the product. The use of 

oat bran flour in the leberkäse composition resulted in meat products more intense in color than 
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standard pork fat products and leberkäse products where inulin had been used for fat reduction. 

Furthermore, the relation established between hardness and the oat bran flour and inulin gel 

quantity can be used to enhance the sensory qualities of this type of product and to develop 

meat products enriched with dietary fiber that are more attractive to consumers due to their 

health benefits. 
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