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This study aimed at substituting animal proteins by Mucuna flour and protein concentrate in beef
sausage. Mucuna pruriens var pruriens grains were first transformed into flour (500 um) from which the
protein concentrate was obtained. The extraction process was done in an aqueous medium at pH 4.5.
Following the characterization of the flour and protein concentrate, 5 sausages samples (3 units per
sample) with varying rates of incorporation of flour and protein concentrates (25, 50, 75 and 100%) as
well as a reference made with 100% beef were produced. Quality of emulsion sausages was evaluated
in terms of physicochemical and functional characteristics. The results obtained showed that protein
content of Mucuna flour and protein concentrate was significantly different (p < 0.05), with values of
29.92 + 0.51 and 59.74 + 0.32%, respectively. For the functional properties, water retention capacity
(333.32 g/100 g/100 g), emulsifying capacity (60.44%), jellification capacity (12 g/100 g) and foaming
capacity (52.38%) were higher in the flour sample; whereas the oil retention capacity (290.33 g/100 g
DMC) was higher in the protein concentrate. Incorporation rate had a significant influence (p<0.05) on
the physicochemical and functional properties of the sausage samples produced, since the
technological yield was observed to vary from 73.10+0.71 (Ss) to 99.49+0.05% (S100), hardness from 3.43
+ 0.35 (S100) to 3.94 £ 0.05 N (Szs) and the water retention capacity varied from 33.34+0.79 (Sjs) to
51.93+0.045% (S1q90). These parameters were observed to increase with an increase in the rate of
substitution.
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INTRODUCTION

Meat and meat products are nutritionally rich, providing a
wide range of nutrients, such as proteins, fats, minerals
and vitamins (Cosgrove et al., 2005). They have long
been considered as a highly desirable and nutritious

food, and have become a mass consumer product
throughout the world with the highest consumption rates
being recorded in industrialized western countries.A
significant percentage of the recommended dietary



requirements for proteins, vitamins-B, magnesium, iron
and zinc are contributed by red meat and poultry
(Pearson and Brooks, 1978). With the growing need for
products with less fat or calorie content, it becomes
necessary to develop meat products that are pertinent to
consumer demand. Hence, basic formulations tend to
evolve to account not only food safety concerns but also
for changing economic conditions, raw material
availability, consumer trends, and adaptation from one
region to another (James and Lamkey, 1998). Several
studies have demonstrated possible use of food
hydrocolloids such as carrageenan, cellulose gum,
konjac flour, guar gum and xanthan gum as fat
replacements or the use of poultry meat as replacement
for red meat in reduced-fat meat products (Troutt et al.,
1992; Chin et al, 1998; Andres et al, 2006;
Bhattacharyya et al., 2007). Konjac flour, a glucomannan
polysaccharide gum, has been used as a fat replacer in
low-fat prerigor fresh pork sausages (Osburn and Keeton,
1994), low-fat bolognas (Chin et al., 1998), reduced-fat
pork sausages (Akesowan, 2002a) and Thai traditional
minced and preserved pork products (Akesowan, 2002b).
In the same trend, soy proteins, one of non-meat
proteins, are widely used as meat binders because of
their several functionalities such as water-holding,
binding and emulsifying properties (Arrese et al., 1991).
Ahn et al. (1999) showed that addition of soy proteins
resulted in better binding and texturization of sausages.
Upon incorporation into comminuted meat, soy proteins
improve physical and chemical properties of processed
meat products such as frankfurters and ground meat
patties (Alvarez et al., 1990). However, beany flavour of
soy proteins also limits their expanded applications in
foods (Ho et al., 1997). But concerns about high-
cholesterol, allergens, animal welfare, the food industries
impact on the environment, and high food costs have,
however, resulted in an increased interest in using
legume protein as meat replacers in foods (Hughes et al.,
2011).

Recent studies on Mucuna pruriens var. pruriens,
another legume promoted by smallholder farmers in
Africa, showed rich protein content (23 to 35%) (Mugendi
et al., 2010) but remain a minor food crop due to the
presence of antinutrients (Ngatchic et al.,, 2013). The
effects of these anti-nutritional factors such as antitrypsin
factors, tannins, anticoagulants, phytates and 3,4-
dihydroxy-L-phenylalanine (L-Dopa) (Ravindran and
Ravindran, 1988; Rosenthal et al., 1989), on the body are
known as the causes of poor protein digestibility, reduce
food intake, nutrients availability and can provoke
deleterious effects on many organs (Esenwah and
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Ikenebomey, 2008). Some vegetables proteins, either
soy or pea, were used as fillers or extenders to enhance
the texture, stability of emulsion, replace the fat and to
lower the cost (Edanane and Bernard, 2014). Since
Mwasaru et al. (1999), Rangel et al. (2004) and Ngatchic
et al. (2013) showed that techniqgues employed to obtain
protein concentrates or isolates are effective in the
elimination of the antinutrients in Mucuna seed, flour and
protein concentrate can be incorporated in food
preparations.

Therefore, the purpose of this study was to determine
the effect of Mucuna flour and protein concentrate on
physicochemical and textural properties of beef
sausages.

MATERIALS AND METHODS

Beef semi-membranous muscle (top round), beef bump fats and
casings (sheep gut of about 20 mm diameter) were obtained from
local processors (Ngaoundere, Cameroon). Beef muscles were
trimmed of all visible extra-muscular fat and connective tissue
before storage at 4°C for 72 h. Sheep guts were separated
immediately after slaughtering, emptied, rinsed and stored in brine
at 4°C until sausages were produced. Seed of M. pruriens were
purchased from local markets in Ngaoundere (Cameroon) and
manually separated from infested seeds impurities.

Preparation of Mucuna bean flours

The flours were produced from seeds legumes according to the
method of Kaptso (2008). The seeds were soaked at ambient
temperature (25°C) for overnight in tap water with bean to water
ratio of 1 to 10 (w/v). After soaking, seeds were dried for 24 h at
50°C and dehulled manually. The dehulled seeds were ground to
flour using a hammer mill and sieved with the 500 pm mesh sieve
and stored in polyethylene bags at 4°C until analysis.

Preparation of protein concentrate

The Mucuna protein concentrate was prepared according to the
process described by Wolf (1970) with minor modifications.
Defatted Mucuna flour were dispersed in de-ionized water (1:10,
wi/v) at room temperature and the pH of the dispersion adjusted to
4.5 by addition of 1IN HCI, stirred using a magnetic stirrer for 1 h.
The slurry was then centrifuged (10,000 g, 30 min, 4°C) in a
CR22G centrifuge (Hitachi Koki Co., Hitachinake, Japan). The
precipitate was washed with de-ionized water, re-dissolved in de-
ionized water, neutralized to pH 7.0 with 1 N NaOH at room
temperature, and then freeze-dried.

Beef sausage processing

The emulsion sausage was prepared from a comminuted mixture of
meat, fat, salt, condiments, spices mixtures and Mucuna flour a
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protein concentrate at a level of 0, 25, 75 and 100% of substitution
of meat batter. The beef lean meat (2 x 2 x 2 cm® cut) cured with
nitrite salts (NaCl:NaNO, = 99.4:0.6) and beef bump fats (2 x 2 x 2
cm?® cut) were ground in a grinder (Manurhing type cutter: C-301,
France) for 10 min, and then ice cubes were added and further
comminuted for 5 min. As the mix absorbed the moisture received
from molten ice, the other ingredients like salt, spices, condiment,
and starches were added and chopping was further continued for 5
min and the end temperature in range of 14 to 16°C. Entire mix was
filled in the stuffing machine and casing (sheep gut of about 20 mm
diameter) was used for filling sausage. The finished sausage was
cooked in sausage cooker for 20 min at 110°C temperature.
Cooked sausages were exposing to chilled water and packed in
nylon-polyethylene bags. The finished sausages were stored at 4°C
for future study.

Proximate analysis of Mucuna flour, concentrate and sausages

All sausages, Mucuna flour and proteins concentrates were
analysed for moisture, fat and ash contents according to the
methods of AOAC (2000), numbers 950.46, 960.39 and 920.153,
respectively. The protein content of samples was determined by the
micro-Kjeldhal method (2000) through the use of the protein-
nitrogen coefficient of 5.30 (Sze-Tao and Sathe, 2000).
Carbohydrates were determined according to the method of Fisher
and Stein (1961). The contents were expressed on a dry weight
basis for Mucuna flour and protein concentrates and on fresh
weight basis for sausages. Each analysis was done in triplicate,
and data were reported as means + standard deviation.

Bulk density

The bulk density was determined according to the method
described by Adeleke and Odedeji (2010).

Functional properties of Mucuna flour and protein concentrate
Emulsifying activity (EA)

EA was determined according to the method described by Naczk et
al. (1985) with some modifications. Samples (3.5 g) were
homogenized at a speed of 10,000 rpm for 1 min at room
temperature (about 25°C) in 25 ml de-ionized water. The sample
solution was mixed with 25 ml of soybean oil followed by
homogenization at a speed of 10,000 rpm for 1 min. Finally, the
emulsion was centrifuged at 1300 g for 5 min. All analysis was
performed in triplicate. Emulsifying activity was determined by:

Emulsifvi ctivi %) = Height of emulsified layer ¥ 100
mulsifying activity (3) = Height of the contents of the tube

Emulsion stability (ES) was measured by re-centrifugation followed
by heating at 80°C for 15 min and then expressed as follows:

Emulsion stability (%4 Height of remaining emulsion layer %100
mulsion stabili =
t (%) Height of original emulsified la

Foaming capacity (FC) and foam stability (FS)

FC and FS were based on the method described by Sze-Tao and
Sathe (2000) with minor modifications. 3 g samples were dispersed

in 100 ml of de-ionized water. The solutions were stirred at a speed

of 10,000 rpm for 2 min. The blend was immediately transferred into
a 250 ml graduated cylinder. The volume was recorded before and
after stirring. FC was expressed as the volume (%) increased due
to stirring. For the determination of FS, foam volume changes in the
graduated cylinder were recorded at 30 min of storage. All analysis
was performed in triplicate. Foam capacity and foam stability were
then calculated according to the following formulae:

. _ volume after whipping — volume before whipping (mL)
Foam capacity (%) = volume before whipping (mL) A100

volume after standing — volume before whipping (ml.)

Foam stability (%) = X 100

volume before whipping (mL)

Fat absorption capacity (FAC)

FAC was determined using the method described by Phillips et al.
(1988) with minor modifications. 1 g of sample was weighed into 15
ml pre-weighed centrifuge tube and thoroughly mixed with 5 ml
soybean oil. The emulsion was incubated at room temperature
(about 25°C) for 30 min and then centrifuged at 5000 g for 30 min
at 25°C. Then the supernatant was carefully removed, and the tube
was reweighed. All analysis was performed in triplicate. FAC (gram
of oil per gram of sample) was determined by:

F2—F1
FAC = ——
FO

where FO is the weight of the dry sample (g), F1 is the weight of the
tube plus the dry sample (g), and F2 is the weight of the tube plus
the sediment (g).

Water absorption capacity (WAC)

WAC was determined using the method described by Rodriguez-
Ambriz et al. (2005) with minor modifications. 1 g of sample was
weighed into 15 ml pre-weighed centrifuge tube. Then, 10 ml of
distilled water was added in small increments to the tube under
continuous stirring with a glass rod. After being held at room
temperature (about 25°C) for 30 min, the tube was centrifuged at
2000 g for 20 min. In the end, the amount of added distilled water
resulting in the supernatant liquid in the test tube was recorded. All
analysis was performed in triplicate. WAC expressed as grams of
water per gram of sample, was calculated by:

w2 —-wi
Wwo

WAC =

where WO is the weight of the dry sample (g), W1 is the weight of
the tube plus the dry sample (g), and W2 is the weight of the tube
plus the sediment (g).

Least gelation concentration (LGC)

LGC was estimated according to the method described by
Deshpande et al. (1982). Samples of starch, 2 to 18% (w/v), were
prepared in test tubes with 5 ml distiled water. The starch
suspensions were mixed with a Vari-whirl mixer for 5 min. The test
tubes were heated for 30 min at 80°C in a water bath, followed by
rapid cooling under running cold tap water. The test tubes were
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Table 1. Chemical composition and density of flour and protein concentrate

of Mucuna.
M
Composition ucung
Flour Protein concentrate
Dry matter (DM) 88.47 +0.11% 91.47 +0.90°
Apparent density (g/cm3) 0.67 +0.04° 0.43 +0.04*
Lipides (g/100 g DM) 1.63 + 0.26% 2.33+051°
Ash (g/100 g DM) 3.20 +0.02° 2.16 +0.01*
Proteins (g/100 g DM) 29.92 +0.51° 59.74 + 0.32"
Crude fibres (g/100 g DM) 6.54 +0.22% 10.93 +0.22°
Carbohydrates (g/100 g DM) 20.66 + 1.95 16.85 + 3.30°

Values with different letters within the same row differed significantly (p<0.05).

further cooled at 4°C for 2 h. LGC was determined as that
concentration when the sample from the inverted test tube did not
fall down or slip.

Properties of sausages
pH determination

Raw and cooked sausages (10 g) were homogenised with 90 ml of
distilled water and the pH was determined with a pH-meter (Eutech
Cybernetics, Cyberscan 1000, Singapore) (AOAC, 1980).

Water holding capacity (WHC)

The Tsai and Ockerman (1981) press technique was used with
some modification to measure the WHC of the raw sausages. A
sample (0.5 g) was placed between 2 sheets of filter paper
(Whatman no. 1, stored over saturated KCL) which was placed
between two Plexiglas sheets and pressed for 30 min under 1 kg
load. The area of pressed meat and a spread juice was measured
and the water holding capacity was calculated as follows:

R » (Total surface area— meat film area){mm*) X 6.11
free water (%) = - " - ~ - x 100
C Total moisture (mg) in meat sample

WHC =100 - % Free Water

Cooking yield

After formulating sausages and placing them in casings of known
weight, the sausages were weighed and then place in the sausage
cooker. At the end of the cooking period, they were left to cool and
then weighed again.

raw weight

Cooking yield = 100

_— X
cooked weigh

2-Thiobarbituric acid (TBA) values

The degree of lipid oxidation of the raw and cooked beef sausages
was determined by the TBA cold extraction method, described by

Wite et al. (1970). The results are expressed as mg
malonaldehyde/kg of sausages.

Texture measurement

The texture, based on a compression test, was measured using
texturometer (Brookfield Texturometer LFRA 4500 TA 115). The
resistance to a given deformation (compression), characteristic of
the hardness were measured and expressed in Newton (N). During
the compression test, samples were cut in squares of 30 mm and a
thickness of 10 mm, then placed on the stage of a texturometer and
an aluminium cylinder probe with a 25 mm diameter, at a speed of
1.0 mm/s with a trigger of 5 g was used to compress the product to
60% of its original thickness. Two parameters were recorded: peak
load and final load. The equal values of peak load and final load for
a sample means it texture homogeneity.

Statistical analysis

The effect of each treatment was analyzed from the different
preparations. Data were subjected to analysis of variance and the
differences among means were obtained using Duncan’s multiple
range test (significance p<0.05) using Statgraphics plus 5.0
software.

RESULTS AND DISCUSSION

Physico-chemical characterization of Mucuna flour
and protein concentrate

The proximate composition and bulk density of Mucuna
flour and protein concentrate is shown in Table 1.
Mucuna flour was used as starting material for the
preparation of Mucuna protein concentrate. Protein
content of Mucuna flour and protein concentrate was
significantly different (p < 0.05), with values of 29.92 +
0.51 and 59.74 + 0.32%, respectively.

The protein content increased by about 50% from flour
to protein concentrate. The same trend was observed for
lipid and crude fibres while its density, ash and
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Table 2. Functional properties of flour and proteins concentrates of Mucuna.

Properties

Samples

Flour Proteins concentrates

Least gelation concentration (%)

Water absorption capacity (g/100 g DM)
Fat absorption capacity (g/100 g DM)
Emulsion activity (%)

Emulsion stability (%)

Foaming capacity (%)

Foam stability (%)
After 10 min
After 30 min
After 60 min

20°
279.78 + 2.04°
290.33 + 4.72°

122
333.32 + 6.78°
116.58 + 2.05°

60.44 +0.10° 56.33 + 1.72%
58+0.51° 41+0.51°
52.38 +0.36" 27.61 +0.64%
45.71 +0.85 20.00 + 0.85
39.04 +0.36 14.28 +0.85
23.80 + 0.54 11.42 + 0.85

Values with different letters within the same row differed significantly (p<0.05).

carbohydrate contents decreased significantly (p < 0.05)
from 0.67 to 0.43, 3.20 to 2.16 and 20.66 to 16.85%,
respectively (Table 1). The variation observed between
the two samples may be attributed to the extraction
method used.

In order to evaluate if a protein is applicable and
suitable in certain food systems and food products, it is
important to characterize the functionalities of the protein
(Kinsella, 1982; Vaclavik and Christian, 2003). Some
functional properties of flour and proteins concentrates of
M. pruriens var. pruriens are presented in Table 2. LGC,
used as the index of gelation, indicated that Mucuna flour
exhibited high gelation ability than Mucuna protein
concentrate, 12 and 20%, respectively. The difference
observed here can be linked to the difference in
carbohydrate content (20.66+ 1.9 and 16.85+ 3.30%,
respectively) of the two samples. According to Lawal and
Adebowale (2005), gel strength depends on strength of
intra-granular binding forces within swollen starch
granules. In this respect it can be believed that intra-
granular bonding forces are higher in Mucuna flour. This
observation corroborated the results of water absorption
capacity.

WAC of both samples were significantly different (p <
0.05), with flour having the highest WAC (333.32 + 6.78
0/100 g). This was consistent with other studies
(Prinyawiwatkul et al., 1997). Protein water absorption
capacity of proteins is a function of several parameters,
including size, shape, steric factors, conformational
characteristics, hydrophilic-hydrophobic balance of amino
acids in the protein molecules as well as lipids,
carbohydrates and tannins associated with proteins.
Carbohydrates contain hydrophilic parts, such as polar or
charged side chains, which can enhance WAC
(Jitngarmkusol et al.,, 2008). Flour water absorption

capacity was enhanced, as the flour carbohydrate
content (20.66 + 1.95%) was significantly higher (p <
0.05) than that of protein concentrates (16.85 = 3.30%).
WAC value of Mucuna flour and protein concentrates
were not significantly different than 3.551 g/g of
commercial soy protein isolate reported by Zhu et al.
(2010).

FAC of both samples were significantly different (p <
0.05), with protein concentrate having more than twice
FAC (290.33 £ 4.72 ¢g/100 @) than flour (116.58 + 2.05
g/100 g). The differences in fat absorption capacity
between the samples might be due to the presence of
more non-polar amino acids in protein concentrates than
in flour, and also due to the partial denaturation of
proteins with exposure of hydrophobic amino acid groups
during the protein concentrate production process. The
presence of several non-polar side chains may bind the
hydrocarbon chains of fats, thereby resulting in higher
absorption of oil (Sathe et al., 1982). El Nasri and El
Tinay (2007) reported that surface area and
hydrophobicity improve fat absorption capacity and also
high protein content shows high FAC. Campell et al.
(1992) reported that FAC increased as protein content
increased in sunflower and soy protein products. FAC
values of Mucuna proteins concentrates was higher than
2.434 g/g of commercial soy protein isolate reported by
Zhu et al. (2010). The ability of protein to bind fat is very
important for applications as meat replacement and
extenders, principally because it enhances flavour
retention, and reputedly improves mouth feel (Ogunwolu
et al.,, 2009). Results obtained indicated that Mucuna
protein concentrates have good oil absorption capacity.
High FAC of Mucuna protein concentrate renders it a
good ingredient in cold meat industry, particularly for
sausages, where the protein usually bridges the fat and
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Figure 1. Influence of substitution rate of Lean meat by Mucuna flour and Mucuna protein

concentrate on cooking yield of sausages.

Table 3. Influence of substitution rate of Lean meat by Mucuna flour and Mucuna protein concentrate on

pH of sausages.

Substitutions rates

P t Stat

arameter a S0 S25 S50 S75 S100

Flour Raw 5.93+0.05° 5.23+0.05° 5.13+.05”° 5.13+0.05”° 5.03+0.05°
Cook 6.06+0.11%° 5.83+0.05° 5.7620.05° 5.53+0.05° 5.83+0.05°

Protein Concentrate <Y 5.93+0.05% 5.50£0.00° 5.63+.00°° 5.66+0.05° 5.83+0.11%"
cook 6.06+0.11* 5.66+0.05° 6.06+0.05° 6.13+0.05° 6.33+0.15°

Values with different letters within the same row differed significantly (p<0.05).

water in order to obtain good products. EA of Mucuna
flour and protein concentrate, was significantly different
(p < 0.05) with values of 60.44 + 0.10 and 56.33 + 1.72%,
respectively. The results were in agreement with Chove
et al. (2001), who stated that the emulsifying capacity of
proteins tends to decrease as protein concentration is
increased and this was also consistent with the results
reported on winged bean protein concentrate (Sathe et
al., 1982), sunflower protein isolate (Lin et al., 1974) and
cashew nut protein concentrate and isolate (Ogunwolu et
al., 2009). The same trend was observed for ES.

FC of flour was significantly higher than that of protein
concentrate, with values of 52.38 + 0.36 and 27.61 +
0.64%, respectively. FS of flour was significantly higher
than that of protein concentrates, and this stability
decrease with time (Table 2). The results suggested that
the flour had a more flexible protein structure in aqueous
solutions and interacted strongly at the air-water interface
to form more stable foams when compared with the
protein concentrates.

Cooking vyield of sausages with Mucuna flour and
protein concentrate at different rates as replacement for
beef meat is shown in Figure 1. Cooking yield values

exhibited a significant (p<0.05) increasing trend with
incorporation of Mucuna flour and protein concentrate as
compared to control. Indeed, Chin et al. (1998) reported
that textural modifying ingredients, such as non-meat
proteins or gums would be added in low-fat meat
products to retain added water not to loss during cooking.
At the same incorporation rate of Mucuna flour and
protein concentrate, no significant differences (p>0.05)
were observed on cooking yield of sausages except at 75
% incorporation rate. This was probably link the
difference of WAC and FAC of Mucuna flour and protein
concentrate. The beneficial effect of Mucuna flour and
protein concentrate on reducing purge loss was similar to
that reported by Chin et al. (2000) who found that low-fat
bolognas containing 1% soy protein isolate had reduced
purge loss after processing and during refrigerated
storage.

The pH affects many functional properties such as
color, flavor and texture of food, although the pH of food
is important for microbial growth. The variations of pH of
raw and cooked sausages with different substitutions
rates of Mucuna flour and protein concentrate are shown
in Table 3. Incorporation of Mucuna flour influence
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Figure 2. Influence of substitution rate of Lean meat by Mucuna flour and
Mucuna protein concentrate on water retention capacity of cooked

sausages

!
I ENNN I —

Figure 3. Influence of substitution rate of lean meat by Mucuna flour and Mucuna
protein concentrate on cooked sausages hardness

significantly pH of raw and cook sausages (p<0.05), the
same trend was observed for sausages incorporated with
Mucuna protein concentrate.
The decrease of pH with the different substitution could
be mainly due to the pH value of Mucuna flour and
protein concentrate.

There is a general increase in pH of sausages after
cooking compared to the raw. The increase of pH in
sausages after cooking may be due to either the
hydrolysis of protein during cooking with the release of
peptide and amino acids leading to the increase of pH of
the medium or the loss of short chains organic acids
produced during maturation of meat released during
cooking. The increase in pH of cooked samples
compared to the raw samples has been reported by
Manish et al. (2007) using sodium alginate as a fat
replacer in pork patties.

WRC is important for the formation of gels and
emulsions. WHC of the control (25.49+0.85 g/100 g FM)
was significantly lower (P<0.05) than that of the
substituted samples (Figure 2). These results clearly
show that the substituted samples, which consisted of 25
to 100% substitution of Mucuna flour and protein

concentrates of lean meat in sausages had a higher
ability to hold water compared to the control. Despite the
fact that protein is well-known for its ability to hold oil and
water and form a stable emulsion due to the lipophilic and
hydrophilic groups in the same polymer chain. Physical
and chemical properties, such as size, shape, amino acid
composition and sequence, net charges, hydrophobicity
to hydrophilicity ratio, structures, molecular flexibility and
the ability to interact with other components as starches
also affect WHC (Egbert and Payne, 2009; Brewer,
2012).

The imitation sausage incorporated with Mucuna flour
and proteins concentrates keeps more water. Protein and
carbohydrate brought by Mucuna flour and protein
concentrates might have increased hydration, solubility,
emulsification and gelation, which are the most important
characteristics needed to qualify the stability and
acceptability of end products. This observation is
confirmed by the increase of WRC with substitution rates
of Mucuna flour and protein concentrate in sausages.

The hardness of different sausages is presented in
Figure 3. There were a general drop (p<0.05) of hardness
of sausages with the incorporation of Mucuna flour and
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Figure 4. Influence of substitution rate of Lean meat by Mucuna flour and Mucuna
protein concentrate on cooked sausages lipids oxidation

protein concentrate.

The high moisture content and high water binding
capacity and even oil absorption capacity of Mucuna flour
and protein concentrate might be a contributing factor to
the lower hardness in sausages. Similar results have
been reported by Arun et al. (2008) using soy bean paste
in goat meat nuggets and Khalil (2000) using modified
corn starch paste in beef patties as fat replacers. Also,
the protein content is responsible for the hardness, as
rheological parameters are strongly influenced by protein
concentration in processed muscle foods such as
sausage (Colmenero et al., 1995).

TBA values of sausages are important property, which
relates to the quality and shelf life of the product (Figure
4).

TBA values of emulsion sausages incorporated with
levels of (25, 50, 75 and 100%) were found to be higher
(p<0.05). At the same rate of incorporation, sausages
containing Mucuna protein concentrate are more oxidised
(p<0.05) than they homologues containing Mucuna flour.
The presence of minerals such as iron (pro-oxidant) and
the type of lipids in Mucuna flour and protein concentrate
can explain the increase in lipids oxidation of sausage
(Zanardi et al., 2004).

Conclusion

Results from this study indicate that the composition of
Mucuna flour and protein concentrates were different.
Also, functional properties and bulk density of Mucuna
protein concentrate were different from that of Mucuna
flour. Finally, Mucuna flour and protein concentrate
exhibited satisfactory functional properties as required in
meat products, that is, high fat and water absorption
capacity, good emulsion activity and stability. What has
been confirmed by increasing of cooking vyield with

incorporation of Mucuna flour and protein concentrate as
compared to control. There were also a general drop
(p<0.05) of hardness of sausages with the incorporation
of Mucuna flour and protein concentrate.
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