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ABSTRACT 
This study investigated the sensory, nutritional, and physicochemical characteristics as well as formulation cost of beef 
sausages formulated with raw pearl millet flour (RaPMF) as an extender. Four treatments were formulated with 0%, 5%, 
10% and 15% RaPMF. Ash, carbohydrate, fat, and protein contents of the beef sausages were not influenced (p <0.05) by 
the RaPMF. The calcium, magnesium, potassium, and pH contents were highest (p <0.05) in the 15% RaPMF beef sausages. 
Cooking loss was at least (p <0.05) for the 15% RaPMF beef sausages. Formulation of beef sausages with RaPMF did not 
affect (p >0.05) the sensory properties (week 1), water holding capacity, peroxide value, lightness (week 1), and yellowness 
(week 1). The formulation cost was least for 15% RaPMF beef sausages and highest for 0% RaPMF beef sausages. As a 
general conclusion, RaPMF improved the mineral composition of the beef sausages and reduced production costs without 
compromising its physicochemical and sensory properties. 
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INTRODUCTION 
 The quest and desire for meat products including beef 
sausages have increased due to their good taste, nutrient 
composition, and demand for ready-to-eat meals (Ossom et 
al., 2020a; Yadav and Yadava, 2008). The consumption 
of meat products is hampered by its associated health issues 
and high price (Battaglia et al.., 2015). These have limited 
their purchase and consumption to mostly middle and high-
income earners (Ossom et al., 2020a; Stubbs et al., 2002). 
The development and formulation of meat products that are 
cheaper with better nutrient composition is the way forward. 
This can be achieved by the use of extenders. 
  Extenders are food ingredients that are not of meat origin 
but have an appreciable amount of proteins used in the 
formulation of meat products to partially replace muscle 
meat (Heinz and Hautzinger, 2007; Ossom et al., 2020b). 
They may play one or more of the following roles in meat 
products, thus, increase product volume, improve texture, 
produce healthy products, reduce the cost of production 
among others (Food and Agriculture Organization, 2013; 
Heinz and Hautzinger, 2007). For instance, Yadav and 
Yadava (2008) reported that the use of cornflour in quail 
meat rolls increased yield, and did not affect sensory 
properties at a 6% inclusion level. Also, sorghum flour as 
an extender in chicken patties promoted lower TBARS, and 
sensory properties were not significantly affected (Kumar 
et al., 2007). Pintado and Delgado-Pando (2020) 
indicated that the use of extenders provides opportunities 

for the formulation of healthier and more sustainable meat 
products. 
  Millets are cereal-grain crops widely grown and consumed 
in most parts of the world (Lang, 2020; Muthamilarasan 
et al., 2016). They are considered an essential cereal crop at 
the global level and have a significant economic impact 
especially in most developing countries (Lang, 2020; 
Nithiyanantham et al., 2019). Muthamilarasan et al. 
(2016) revealed that millets have gained popularity in the 
West because of their gluten-free, high protein, high fiber, 
and antioxidant contents. Millets are drought resistant, pest 
resistant, and can withstand poor soil conditions (Lang, 
2020; Nithiyanantham et al., 2019). They are also a good 
energy crop for reducing malnutrition, potential prebiotic 
and probiotic, customary medicine, and a portion of vital 
food to preserve health (Lang, 2020; Muthamilarasan et 
al., 2016; Nithiyanantham et al., 2019). The cultivation of 
millet promotes sustainable production due to the 
aforementioned advantages. Therefore, using millet in the 
formulation of meat products such as sausages provides 
opportunities for diversification. 
  Beef sausages are meat products made from minced beef 
mixed with salt, spices, flavoring agents, and other 
ingredients such as bread crumbs or grains, and stuffed into 
casings (El-Magoli and Abd-Allah, 2014; Food and 
Agriculture Organization, 2020). When bread crumbs or 
grains are included, they act as extenders.  
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 Figure 1 Raw pearl millet seeds. 
 

 
 Figure 2 Pearl millet flour. 
 

 
 Figure 3 Beef sample used for this experiement 
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 Beef sausages are an important source of protein and other 
nutrients for humans and are normally consumed as a 
delicacy by many (Abu et al., 2019; Adua et al., 2020; 
Food and Agriculture Organization, 2020; Ossom et al., 
2020a). Literature on the use of millet in formulating meat 
products is scarce, despite its importance and the role meat 
products play in the diet of humans. Therefore, this study 
investigated the influence of raw pearl millet flour on the 
sensory, nutritional, physicochemical, and formulation cost 
of beef sausages. The feasibility of utilizing raw pearl millet 
flour in formulating nutrient-rich and low-cost beef 
sausages will be helpful to expand its further application in 
the meat industry. 
 
Scientific hypothesis 
The hypothesis is based on the assumption that millet can 
be used to produce beef sausages that will have a positive 
effect on chemical and sensory acceptability. It also 
assumes that sausages prepared from millet could influence 
production cost. The results showed that pearl millet 
improved the mineral composition of the beef sausages and 
reduced cooking loss at the highest inclusion level. Millet 
reduced the production cost of the sausages. 
 
MATERIAL AND METHODOLOGY 
 
Samples 
 The samples used in this study were raw pearl millets, 
millet flour, and beef. The raw pearl millets (RaPM) were 
bought from the Aboabo market in the Tamale metropolis 
of Ghana, while the beef was bought from the University 
for Development Studies Meats Unit. Figures 1 and Figure 
2 shows raw millet seeds and millet flour, respectively.  
Figure 3 shows a sample of the meat used for this study. 
      
Chemicals 
 The chemical used were perchloric acid (70% Purity, 
Chem-Lab, Belgium), Sodium Thiosulphate (99% Purity, 
Lobachemie, India), hydrogen peroxide (35% Purity, 
Chem-Lab, Belgium), acetic acid (>99.7% Purity, Daejung, 
Korea), chloroform (>99.5% Purity, Daejung, Korea), 
potassium iodide (99.7% Purity, VWR Prolabo, Belgium), 
Sulphuric acid (98% Purity, Merck, Germany). 
Animals and Biological Material 
 Animals or biological materials were not used in this 
study. 
Instruments 
 The instruments used in this study were mincer (Model 
star, Telleres Rammon, Spain), bowl chopper (Model 30, 
Telleres Rammon, Spain), hydraulic stuffer (Model 30, 
Telleres Rammon, Spain), smoker (Model HCR700L, 
ABAD, aquinaria (LAINT), Spain), colorimeter (CR 400 
Konica Minolta Inc, Japan), pH meter (Crison Basic 20, 
Alella, Spain), atomic absorption spectrometer (AAS model 
novAA 400 P, Analytik Jena AG, Germany), centrifuge 
(Hettich ROTOFIX 32A Centrifuge, Germany), electric 
oven (Turbofan Blue Seal, UK), Kjeldahl apparatus (VELP 
Scientifica, 482365, Italy), Soxhlet apparatus (PRO-NITRO 
II, 0453462, J. P Selecta, Spain), Furnace (Select- Horn, 
0453077, J.P Selecta, Spain) and oven dryer (0453598, J. P 
Selecta, Spain). 
 
 

Laboratory Methods 
 The RaPM was hand-picked to remove visible debris and 
washed thoroughly with tap water. Washed RaPM were 
allowed to sun dry for 18 h and milled using a commercial 
mill into flour. The flour was stored in an airtight container 
at room temperature (25 ±1 °C) for later use.  
Preparation of beef sausages using RaPMF 
 Table 1 shows the ingredients and composition of the 
various treatments. RaPMF substituted ground beef at 0, 5, 
10, and 15% on kg basis. Meat (beef) samples were ground 
using a 5 mm mincer (Model star, Telleres Rammon, Spain) 
and comminuted using a bowl chopper (Model 30, Telleres 
Rammon, Spain), during which spices and other ingredients 
as shown in Table 1 were added. The final product was 
transferred into a hydraulic stuffer (Model 30, Telleres 
Rammon, Spain) and stuffed into casings. The sausages 
were manually linked into approximately 100 mm lengths 
and smoked at 105oC for 30 min in a smoker (Model 
HCR700L, ABAD, aquinaria (LAINT), Spain).  
 
After smoking, they were scalded at 55 °C for 20 min and 
allowed to cool, packaged, and stored at -18 ±1oC for further 
analysis. Figure 4 shows pearl millet beef sausages hanging 
on a rack. 
 
pH and water activity (aw) of RaPMF beef sausages 
 Ten (10) grams of each sausage was ground in mortar and 
pestle, and homogenized with 10 mL of distilled water. 
Following this, the probe of a digital calibrated pH meter 
(Crison Basic 20, Alella, Spain) was dipped into the 
solution to obtain the pH values. Analyses were carried out 
in triplicates. 
 Water activity determination was carried out on 2.5 g of 
beef sausages using a water activity meter (Model Labswift-
aw, Novasina AG, Switzerland) at room temperature (25  
±1 oC). All measurements were done in triplicates. 
 
Color measurements of RaPMF beef sausages 
 The surface color of RaPMF beef sausages was measured 
using a colorimeter (CR 400 Konica Minolta Inc, Japan) 
equipped with a DP-400 data processor. The equipment was 
calibrated with a standard white plate at D65 illumination 
(Y = 80.1, x = 0.3219, y = 0.3394). The Commission 
Internationale de l’Eclairage (CIE) lightness (L*), redness 
(a*), and yellowness (b*) values were measured on the 
surface of the sausage samples. Colour measurement was 
done according to CIE (1986). Measurements were done in 
triplicates and on days 0, 7, 14 and 21. 
Proximate composition of RaPMF beef sausages 
 Proximate composition was done according to the 
Association of Official Analytical Chemists (AOAC) 
(2000). Kjeldahl apparatus (method 954.01), Soxhlet 
apparatus (method 920.39), furnace (method 942.09), and 
oven drying (method 930.15) were used for protein, fat, ash, 
and moisture contents determination, respectively. Total 
carbohydrates were calculated using the formula  
100 – (% protein + % fat + % ash% + moisture).  
Analyses were carried out in triplicates. 
Mineral analysis of RaPMF beef sausages 
 Mineral analysis of the beef sausages was done using a 
slight according to the method used by Adua et al. (2020). 
Briefly, 2 mL perchloric acid and 10 mL concentrated 
H2SO4 was added to 1 g of beef sausage in a digestion tube.  



Potravinarstvo Slovak Journal of Food Sciences 

Volume 15 1042  2021 

 
 They were heated until the solution turned clear at a 
temperature of 350 oC. It was cooled, 2 mL of hydrogen 
peroxide was added, and top up with distilled water to the  
50 mL mark. The solution was measured using an Atomic 
Absorption Spectrometer (AAS model novAA 400 P, 
Analytik Jena AG, Germany) to determine the various 
nutrients. Analyses were carried out in triplicates.  
Peroxide value determination of RaPMF beef sausages 
 Peroxide value was determined using a slightly modified 
method of Salih et al. (1989), Abu et al. (2019), and Adua 
et al. (2020). Briefly, 10 g of the sausage was added to  
30 mL hexane and agitated for 60 min at 250 rpm. It was 
then transferred into a 50 mL falcon tube and centrifuge for 
5 min at 3000 rpm. The residues were then evaporated in an 
evaporator with 5 mL acetic acid-chloroform solution and 
later with 10 ml acetic acid-chloroform solution. One (1) 
mL of saturated potassium iodide solution was added to the 
extracted samples in a 100 mL Erlenmeyer flask. And then, 
5 mL of 1% starch soluble solution was added and the 
resulting mixture was titrated against 0.01 N sodium 
thiosulfate solution (Na2S2O3) until an endpoint was 
obtained, that is, color change from orange to a transparent 
color. A blank test was used for calibration. The peroxide 
value was calculated as: 
 
𝑃𝑒𝑟𝑜𝑥𝑖𝑑𝑒	𝑣𝑎𝑙𝑢𝑒	(𝑚𝐸𝑞/𝑘𝑔) = (𝑉! − 𝑉") × 𝑁 × 1000/𝑆        (1) 
   

Where:  
V1 = titre value of sample; V0 = titre value of blank; S = 
weight of sample; N = normality of sodium thiosulfate. 
Measurements were taken on week 1, week 2, and week 3, 
and were carried out in triplicates. 
 
Water holding capacity of RaPMF beef sausages 
 The water holding capacity was done using a slightly 
modified procedure of Heywood et al. (2002). In brief,  
2.5 g of each sample was placed in a pre-weighed 50 mL 
centrifuge tube and 10 mL distilled water was added. They 
were thoroughly mixed, allowed to stand for 30 min at room 
temperature, and centrifuge at 3700 rpm for 30 min using 
Hettich ROTOFIX 32A Centrifuge, Germany. After 
centrifugation, the supernatant was decanted and the sample 
weight was taken. Percentage water holding capacity was 
calculated according to the following equation: 
 
																												𝑊𝐻𝐶(%) = !"#$"

$"
× 100                   (2) 

 
Where:  
Dw – is the decant weight of the sample after centrifugation; 
Sw – is the sample weight. Analyses were carried out in 
triplicates. 
 
 
 
 

Table 1 Ingredients and composition of raw pearl millet flour beef sausages (RaPMFS) 

Ingredients Treatments 
0% RaPMF 5% RaPMF 10% RaPMF 15% RaPMF 

Beef (kg) 2.00 1.90 1.80 1.70 
RaPMF (g) 0.00 0.10 0.20 0.30 
Curing salt (g) 0.03 0.03 0.03 0.03 
Adobo (g) 0.002 0.002 0.002 0.002 
White pepper (g) 0.004 0.004 0.004 0.004 
Black pepper (g) 0.004 0.004 0.004 0.004 
Chilli pepper   (g) 0.001 0.001 0.001 0.001 
Phosphate (g) 0.01 0.01 0.01 0.01 
Ice cubes (g) 0.14 0.14 0.14 0.14 
Soy oil (g) 0.26 0.26 0.26 0.26 

 

 
 Figure 4 Pearl millet beef sausages. 
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Cooking loss of RaPMF beef sausages  
 Cooking loss of the beef sausages was done according to 
Lee et al. (2008). Sausages were weighed (Wr) and cooked 
to obtain a core temperature of 70 oC at a temperature of 
150oC. Cooked sausages were allowed to cool to room 
temperature and reweighed (Wc). The cooking loss 
percentage was determined using the equation: 
 
																										𝐶𝑜𝑜𝑘𝑖𝑛𝑔	𝑙𝑜𝑠𝑠	(%) = %&#%'

%&
× 100    (3) 

   
Where:  
Wr = weight of raw sausage; Wc = weight of cooked 
sausage. Analyses were carried out in triplicates. 
 
Sensory analysis of RaPMF beef sausages  
 Before this, the sausages were grilled in an electric oven 
(Turbofan Blue Seal, UK) at a temperature of 105 oC for  
45 min. Grilled beef sausages were cut into 2 cm sizes and 
wrapped in coded aluminum foil for sensory evaluation 
using 15 trained panelists (British Standard Institute 
Guidelines, 1993). Beef sausages were assessed using a  
9-point hedonic scale, that is, 1: extremely liked to 9 
disliked for color, flavor liking, flavor intensity, juiciness, 
taste, tenderness, texture, and overall liking. Sensory 
evaluations were done on weeks 1, 2, and 3. 
Number of samples analyzed  
 Thirty-six (36) raw pearl millet flour (RaPMF) beef 
sausages were analyzed. The samples comprised of 9 each 
of 0, 5, 10, and 15% RAMPF beef sausages. 
Number of repeated analyses 
 The experimental analysis was triplicated.  
Number of experiment replication 
 The entire experiment was triplicated. 
The production cost of RaPMF beef sausages  
 The cost of producing a kilogram of beef sausages with 
and without raw pearl millet was determined according to 
Yaro et al. (2021). The cost of each inclusion level (0, 5, 
10, and 15%) was determined as a proportion of the 
respective kilogram cost, thus the cost of beef, spices, 
curing salt, and ice cubes for processing a kilogram of beef 
sausage.  
 
Statistical Analysis   
 Data analysis was performed using one-way analysis of 
variance in Genstat Discovery 4th Edition. Significant 
differences were determined at a 5% significant level using 
Tukey studentized range test. 
 
RESULTS AND DISCUSSION 
 The cooking loss, water holding capacity, pH, water 
activity, and peroxide value of the beef sausages can be 
found in Table 2. The cooking loss, pH, and water activity 
of the beef sausages differed significantly (p <0.05) from 
each other. However, the water holding capacity and 
peroxide value of the beef sausages did not differ (p >0.05) 
from each other. The values ranged from 18.76±0.36 to 
26.74 ±1.18%, 1.18 ±0.07 to 1.24 ±0.14%, 5.94 ±0.02 to 
6.03 ±0.01, 0.805 ±0.002 to 0.815 ±0.002, 1.917 to  
3.542 meq.kg-1 for cooking loss, water holding capacity, 
pH, water activity, and peroxide value, respectively. The 
instrumental color (lightness, redness, and yellowness) 
measurements of the beef sausages are presented in Table 

3. The lightness of the beef sausages differed significantly 
(p <0.05) on day 14, redness on days 0, 7, and 14, and 
yellowness on days 7, 14, and 21. The instrumental color 
measurements of the beef sausages ranged from 50.22 to 
55.64 (lightness), 7.14 to 8.73 (redness), and 18.17 to 22.69 
(yellowness). Meat products formulated with food 
resources to improve their nutritional compositions and to 
promote good health upon consumption are essential. This 
is because the consumption of meat products in some cases 
has been associated with cardiovascular and other related 
diseases (Alisson-Silva et al., 2016; Battaglia et al., 2015). 
Millets have been reported to be a gluten-free cereal grain 
with sufficient protein, fiber, and antioxidants contents 
(Lang, 2020; Taylor and Emmambux, 2008) which when 
incorporated into sausages, will promote better nutrient 
composition and consequently health benefit. Meat 
products formulated with other food resources also bring 
diversity in meat consumption, ensure responsible 
consumption and cater to the increasing population that has 
less time for food preparation (Pintado and Delgado-
Pando, 2020; Yaro et al., 2021). 
 In this study, the water holding capacity and peroxide 
value were not influenced by the use of raw pearl millet 
flour in the beef sausages. Water holding capacity 
contributes to and influences the juiciness and tenderness of 
meat products (Cheng and Sun, 2008). Serdaroglu et al. 
(2018) found higher water holding capacity for beef patties 
formulated with dried pumpkin pulp and seed. The non-
significant differences in the peroxide values mean that beef 
sausages with or without raw pearl millet flour are equally 
stable to rancidity, which is a major cause of unpleasant 
smell, taste, and flavor in meat products (Pereira and 
Abreu, 2018). The peroxide values recorded in this work 
were far below or not above 10 meq/kg, the peroxide value 
at which rancidity is eminent (Feiner, 2006; Pereira and 
Abreu, 2018). The cooking loss, pH, water activity, and 
some instrumental color parameters were influenced by the 
use of raw pearl millet flour. Generally, raw pearl millet 
flour increased the pH of the beef sausages and decreased 
the water activity, but within the recommended pH and 
water activity range for meat products (Feiner, 2006; 
Warris, 2010). The pH and water activity as found in this 
study will limit the growth of microorganisms and improve 
on the shelf life of the beef sausages. The cooking loss of 
the beef sausages decreased with the increasing amount of 
raw pearl millet, therefore, raw pearl millet flour improved 
the yield of the sausages during cooking. Colour is an 
important factor when it comes to consumers’ acceptance of 
meat and meat products.  
 The lightness of the beef sausages was influenced on day 
14, redness on days 0, 7, and 14, and the yellowness on days 
7, 14, and 21. Myoglobin is responsible for the redness of 
meat and meat products. Consumers prefer red meat color 
for certain meat products and attribute it to freshness 
(Warris, 2010). Raw pearl millet at a high inclusion level 
(15%) reduced the redness of the beef sausages except on 
day 21 where significant differences did not occur. The 
natural color of the pearl millet used which was grey is 
responsible for the reduction in the red color. The raw pearl 
millet diluted the red color of meat and reduced myoglobin 
and red coloration.  
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 Table 2 Physicochemical properties of raw pearl millet flour beef sausages (RaPMFS). 

Treatment 
(%) 

Parameters 

Cooking loss 
(%) 

Water 
holding 

capacity (%) 
pH Water activity Peroxide value (meq/kg) 

    Week 1 Week 2 Week 3 
0%RaPMFS  25.00±0.41a 1.24±0.14 5.94±0.02c 0.812±0.002ab 3.542 3.305 3.175 
5%RaPMFS 26.74±1.18a 1.22±0.06 6.00±0.01b 0.815±0.002a 3.155 3.405 3.271 
10%RaPMFS 21.48±1.28b 1.18±0.07 5.98±0.00b 0.805±0.002b 3.289 3.369 3.202 
15%RaPMFS 18.76±0.36c 1.22±0.07 6.03±0.01a 0.807±0.004b 3.855 2.188 1.917 
p – value < 0.001 0.916 < 0.001 0.005 0.911 0.397 0.346 

Note: Values are means ± standard deviation, values with different superscripts under the same column are significantly 
different (p <0.05). 
 
 Table 3 Instrumental colour measurements of raw pearl millet flour beef sausages (RaPMFS). 

 Treatment Storage time (days)1 
Parameter 0 7 14 21 

 
Lightness (L*) 

0% RaPMFS 53.69±1.97 53.48±0.38 52.83±0.91ab 53.11±1.47 
5% RaPMFS 52.47±1.66 54.87±1.71 50.22±1.53b 55.98±1.21 
10% RaPMFS 53.80±0.76 55.01±0.53 55.64±0.47a 55.47±1.17 
15% RaPMFS 50.31±1.96 55.45±0.09 54.35±1.71a 55.72±1.35 

 p value 0.320 0.130 0.050 0.400 
 
Redness (a*) 

0% RaPMFS 7.99±0.12ab 8.50±0.48ab 8.34±0.06a 8.09±0.60 
5% RaPMFS 8.48±0.21a 8.73±0.40a 8.33±0.16a 8.20±0.46 
10% RaPMFS 7.97±0.28ab 8.40±0.17ab 8.07±0.42a 8.44±0.37 
15% RaPMFS 7.85±0.25b 7.30±0.70b 7.25±0.30b 7.14±0.64 

 p value 0.040 0.030 0.000 0.070 
 
Yellowness 
(b*) 

0% RaPMFS 20.53±0.51 18.91±0.35c 18.31±0.18c 18.17±0.50c 
5% RaPMFS 20.90±0.46 19.94±0.49b 18.46±1.04bc 19.09±1.13bc 
10% RaPMFS 21.96±0.74 21.25±0.36a 20.14±0.83ab 20.71±0.60ab 
15% RaPMFS 21.51±1.34 21.56±0.22a 21.44±0.33a 22.69±1.36a 

 p value 0.240 0.000 0.000 0.000 
Note: Values are means ± standard deviation, values with different superscripts under the same column are significantly 
different (p <0.05); 1 storage at -18 oC. 
 
 
 Table 4 Proximate compositions of raw pearl millet flour beef sausages (RaPMFS). 

Treatments Parameters 
Moisture (%) Ash (%) Fat (%) Protein (%) Carbohydrate (%) 

0% RaPMFS  68.42 ±0.43a 4.47 ±0.57 5.53 ±3.22 18.81 ±1.50 2.77 ±1.70 
5% RaPMFS 65.91 ±0.75b 3.85 ±1.31 8.19 ±2.11 19.25 ±1.22 2.80 ±1.58 
10% RaPMFS 65.03 ±1.13b 5.00 ±0.28 6.63 ±2.68 16.90 ±1.35 6.44 ±3.64 
15% RaPMFS 62.14 ±0.60c 5.24 ±1.13 9.86 ±0.56 17.83 ±1.39 4.93 ±0.26 
p – value <0.001 0.326 0.206 0.232 0.187 

Note: Values are means ± standard deviation, values with different superscripts under the same column are significantly 
different  
(p <0.05). 
 
 
 Table 5 Mineral compositions of raw pearl millet flour beef sausages (RaPMFS). 

Treatments Parameters 
Magnesium (mg.kg-1) Calcium (mg.kg-1) Potassium (mg.kg-1) Zinc (mg.kg-1) 

0% RaPMFS  594.99±0.94d 64.26±0.12d 1137.46±1.24b 33.96±0.07a 
5% RaPMFS 712.66±1.13b 80.78±0.53c 1072.52±0.91d 33.45±0.13a 
10% RaPMFS 670.54±0.60c 86.54±0.54b 1116.63±1.62c 33.39±0.41a 
15% RaPMFS 795.73±2.19a 99.11±0.93a 1156.90±1.26a 30.61±0.04b 
p – value <0.001 <0.001 <0.001 <0.001 

Note: Values are means ± standard deviation, values with different superscripts under the same column are significantly 
different  
(p <0.05). 
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 Similarly, Argel et al. (2020) found that green pea and 
chickpea flour emulsions used in pork patties lowered 
redness in the products. Also, Serdaroglu et al. (2018) 
reported that dried pumpkin pulp and seed lowered the 
redness of beef patties. The natural color of raw pearl millet 
also influenced the yellowness of the beef sausages 
especially during storage in that the beef sausages with raw 
millet flour were more yellow than the 0% RaPMF beef 
sausage. Green pea and chickpea flour emulsions also 
increased the yellowness of pork patties (Argel et al., 
2020). However, this natural-color did not affect the 
lightness of the beef sausages except on day 14. The 
lightness, redness, and yellowness recorded in this study 
were higher than values recorded for uncooked meatballs 
during storage at 4 °C for 6 days (Ergezer et al., 2014). 
 The proximate composition results for the beef sausages 
are presented in Table 4. There were no significant 
differences (p >0.05) in the ash, carbohydrate, fat, and 
protein contents of the beef sausages. However, the 
moisture content of the 0% RaPMF beef sausages was 
significantly higher (p <0.05) than the 0, 5, and 15% 
RaPMF beef sausages. The results ranged from 62.14 ±0.60 
to 68.42 ±0.43% (moisture), 3.85 ±1.31 to 5.24 ±1.13% 
(ash), 5.53 ±3.22 to 9.86 ±0.56% (fat), 16.90 ±1.35 to 19.25 
±1.22% (protein) and 2.77 ±1.70 to 6.44 ±3.64% 
(carbohydrate). 
 Incorporating raw pearl millet flour into beef sausages did 
not negatively affect the ash, fat, protein, and carbohydrate 
contents, but reduced the moisture content. This means raw 
pearl millet flour up to 15% can be used for beef sausage 
preparation without adverse effects on the proximate 
composition. A similar observation was made by Yaro et 
al. (2021). Yaro et al. (2021) reported differences in the 
moisture and protein content of roasted pearl millet flour 
beef sausages, but not the ash, fat, and carbohydrate 
contents. Amadi (2020) found significant differences in the 
moisture, protein, ash, carbohydrates, and fat content of 
full-fat soy flour beef sausages. Also, the inclusion of soy 
and finger millet flours in beef sausages increased the 
moisture, crude fat, crude protein, crude ash, and crude fiber 
contents (Behailu and Abebe, 2020). 
 The mineral composition of the beef sausages is shown in 
Table 5. There were significant differences (p <0.05) in all 
the minerals measured. The iron, magnesium, and calcium 
contents were significantly higher (p >0.05) in the 5, 10, and 
15% RaPMF beef sausages than the 0% RaPMF beef 
sausages. The 15% RaPMF beef sausages had the highest  
(p <0.05) potassium and least (p <0.05) zinc contents. The 
5% RaPMF beef sausages had the lowest (p <0.05) 
potassium content. The minerals in the beef sausages also 
ranged from 594.99 ±0.94 to 795.73 ±2.19 mg.kg-1 
(magnesium), 64.26 ±0.12 to 99.11 ±0.93 mg.kg-1 
(calcium), 1072.52 ±0.91 to 1156.90 ±1.26 mg.kg-1 
(potassium) and 30.61 ±0.04 to 33.96 ±0.07 mg.kg-1 (zinc). 
Developing beef sausages with raw pearl millet flour 
increased the iron, magnesium, calcium, and potassium 
contents. Thus, raw pearl millet flour for sausage 
development positively influenced the mineral composition 
of beef sausages. The zinc contents were similar except for 
beef sausages developed with 15% raw pearl millet flour. 
The calcium, magnesium, and zinc contents of the beef 
sausages recorded in this study were higher than those 
reported by Amadi (2020) in full-fat soy flour beef 

sausages. The magnesium, calcium, potassium, and zinc 
contents were similar to those reported by Yaro et al. 
(2021) in roasted pearl millet flour beef sausages. 
 The sensory properties of the beef sausages are shown in 
Table 6. There were no significant differences (p >0.05) in 
the color, flavor intensity, flavor liking (except week 2), 
texture, tenderness, juiciness, and overall liking of the beef 
sausages. Sensory scores for color, flavor intensity, flavor 
liking, texture, tenderness, juiciness, and overall liking 
ranged from 4.53 ±2.13 to 6.47 ±0.92, 4.73 ±1.75 to 6.80 
±1.27, 5.53 ±1.96 to 7.20 ±1.61, 4.87 ±1.77 to 6.00 ±1.51, 
4.93 ±2.05 to 6.53 ±1.19, 5.20 ±1.37 to 6.33 ±1.40 and 5.93 
±1.16 to 7.53 ±1.36, respectively. The color, flavor 
intensity, flavor liking, texture, tenderness, juiciness, and 
overall liking of the beef sausages were not influenced by 
raw pearl millet flour, except flavor liking and overall liking 
in week 2. Even though the flavor liking and overall liking 
were lower for the 15% RaPMF beef sausages in week 2, 
this did not occur in week 3. This means that beef sausages 
with or without raw pearl millet were equally acceptable. 
Also, the panelist described the color, flavor intensity, 
flavor liking, texture, tenderness, juiciness, and overall 
liking of the beef sausages as intermediate to slightly pale, 
intermediate to moderately strong, like slightly to like 
moderately, intermediate to slightly smooth, intermediate to 
moderately tender, intermediate to slightly juicy, and like 
slightly to like very much, respectively. It was interesting to 
find that, overall liking was scored better than the rest of the 
sensory attributes. Behailu and Abebe (2020) found that 
beef sausages formulated with 20% soy and finger millet 
flours were liked very much. The results of the present study 
also collaborate with that of Yaro et al. (2021) and 
Serdaroglu et al. (2018). Yaro et al. (2021) reported that 
roasted pearl millet flour did not cause changes in the 
sensory attributes of beef sausages.  Serdaroglu et al. 
(2018) observed that sensory properties were not affected 
when dried pumpkin pulp and seed were used for beef 
patties. 
 The cost of producing the RaPMF beef sausages is 
presented in Table 7. The production cost in US dollars 
were $5.41, $5.30, $5.20 and $5.08 for 0% RaPMF, 5% 
RaPMF, 10% RaPMF and 15% RaPMF beef sausages, 
respectively. Price is important to factor consumers 
consider in purchasing meat and meat products. The costs 
of producing 5, 10, and 15% RaPMF beef sausages were 
lower than that of the 0% RaPMF beef sausages. This can 
be attributed to the lower cost of obtaining a kilogram of 
raw pearl millet as compared to a kilogram of lean beef. It 
also follows that RaPMF beef sausages will be more 
affordable compared with 0% RaPMF beef sausages.  
 Adua et al. (2020) formulated beef sausages with raw 
Citrullus vulgaris chaff and found that the incorporation of 
the raw Citrullus vulgaris chaff reduced the cost of 
producing the beef sausages. Similarly, Behailu and Abebe 
(2020) reported a reduction in the cost of producing beef 
sausages when soy and finger millet flours were used to 
prepare beef sausages. It has been reported that the 
expensive nature of meat products limits their patronage by 
average income earners (Malav et al., 2013). Therefore, the 
formulated RaPMF beef sausages will increase affordability 
and promote the consumption of beef sausages required to 
complement protein intake.  
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CONCLUSION 
 Raw pearl millet flour can be used to replace up to 15% of 
lean meat in beef sausages without generally affecting the 
nutritional composition, physicochemical properties, and 
sensory evaluation. Raw pearl millet flour positively 
influenced the mineral composition of beef sausages. It also 
reduced the formulation cost of producing beef sausages. 
The cooking loss was at least for the 15% RaPMF beef 
sausages. Millet showed great potential for sausage 
formulation and will make an appreciable contribution to a 
healthy diet. Phytochemical and microbial analyses are 
recommended for further research.  
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