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Abstract

This study aimed to formulate and estimate the shelf life of plant-based sausages from Citrullus lanatus var colocynthoides
(egusi) seeds and chicken-based sausages. Egusi seeds were blended then mixed with standard spices and used to produce seven
plant-based sausages by varying the proportion of binders. As well, chicken meat was deboned and minced, then mixed with
standard spices and used to produce seven broiler chicken-based sausages using the same types of binders (3, 5, and 7% egg;
10% wheat flour; 0.3, 0.5 and 1% xanthan gum). The egusi-based sausages were stuffed in mahogany casings while the chicken
sausages were stuffed in plastic casings and boiled at 100 <C and 90T for 2 hours and 25 minutes respectively. Sensory evaluation
was then performed using the 9-scale Hedonic Test using commercial meat sausage as standard. The best formulae were selected
per binder and analysed. Physical properties were determined by evaluating the folding test, pH, Shrinkage, instrumental color,
emulsion stability, cooking loss, jelly and fat separation and frying loss, Nutritional analysis was also accessed. Safety and
hygiene and shelf life of the best sausages, a total of 36 sausages were produced, six egusi and six chicken sausages for each
type of binder, and stored under refrigerated conditions at 4<C in 2 batches (3 open and 3 closed). After an interval of 3 days and
2 weeks, samples were removed for best before date and shelf life evaluation respectively by microbial analysis. The results of
sensory attributes of different sausages revealed that formula EF1, EF2 and EF6 were the most preferred for egusi sausages and
constituted the best formulae while for chicken sausages, formulae CF1, CF2 and CF5 were the most preferred making a total of
6 best sausages. The physical evaluation revealed that all sausages had lower values for folding test than meat standard sausages.
The egusi sausages showed lower values for cooking loss, fat separation, or shrinkage, unlike the chicken sausages. Plant-based
sausages, were good source of nutrients, minerals and vitamin A. Best before date of open sausages revealed that microbial load
of open sausages exceeded the safety limit on day 6 and 9 of storage. Shelf life studies of closed sausages revealed that sausages
remained in the safety range of 105 (for bacteria), 102 (for fungi) and 102 (for coliform) proposed by CODEX Alimentarius
Commission. Thus findings suggest that plant-based egusi sausages could be a viable alternative to traditional meat-based
sausages.
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1. Introduction

Sausage is typically defined as a mixture of ground meat,
combined with spices and seasonings, stuffed in a casing
which can be natural or synthetic. It can be cooked, pre-
cooked or smoked. Sausage processing and production repre-
sents a large industry around the world and is one of the oldest
forms of processed meat [1]. Consumers opt for healthier meat
products that are minimal in saturated fat, sodium, cholesterol,
nitrates, and calories, and contain health-promoting bioactive
components like carotenoids, unsaturated fatty acids, sterols,
and fiber. They also prefer meat products with altered formu-
lations that taste, look, and smell the same as traditional prod-
ucts [2]. Non-meat elements, such as dairy, eggs, plants, and
probiotics, are added to meat products to improve quality and
lower costs. Other components include salt, which enhances
flavour, reduces microbiological spoilage, and increases water
retention, and water ice, which aids in mixing and solubilizes
beef proteins. Curing compounds minimize microbiological
growth, create a pink colour, and enhance flavour, while
spices provide flavour. Binders promote fat and moisture re-
tention. Extenders reduce formulation costs [3].

The high protein content of beef gives it a special place in
Cameroonian households and the world at large. However, the
rates being charged are too high for low income eaners. There-
fore, there is obviously a problem with Cameroonian consum-
ers' physical and financial access to high-quality beef, in a na-
tion where 37.5% of the population lives below the poverty
line [4]. Also, environmental, and public health as well as con-
cerns for animal welfare, have created a shift from diets rich
in animal proteins toward diets rich in plant proteins [5]. Ac-
cording to numerous epidemiological studies, eating pro-
cessed beef increases the chance of getting diabetes, cardio-
vascular diseases and certain cancers, due to high concentra-
tions of saturated fatty acids as well as the use of artificial pre-
servatives (40-50%) [6].

According to the EAT-Lancet Commission, humans should
eat a diet high in plant-based fruits, vegetables, whole grains,
and plant-based proteins including beans, lentils, and nuts for
planetary health [7]. This diet would also bring people to sig-
nificantly reduce their consumption of animal-sourced meat
especially red beef and processed beef products. Traditional
plant-based meat substitutes included tofu, tempeh, and seitan
products [8]. The inclusion of plant elements into processed
meat products is a cost-effective and practical method of in-
creasing the protein intake for low-income populations. Soy-
beans, maize, sunflower, and potatoes, among other vegetable
products, have been employed with varied degrees of effec-
tiveness in processed meat products. Also, a study reported by
Hu [9] showed that replacing 1g of red meat by white meat
reduces the risk of cardiovascular diseases by 19% as they are
low in saturated fats. Majzoobi et al. [10] formulated meat-
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free sausages using textured soy protein (defatted soy flour),
corn starch, vegetable oil, salt and soy protein isolate. Their
report showed substantial quality loss such as poor sliceability,
high frying loss and low water-holding capacity when the
meat was replaced by plant alternatives. Nevertheless, certain
factors like cooking loss, water-holding capacity, and overall
acceptability can be enhanced with the use of konjac mannan,
xanthan gum, and K-carrageenan. In a separate study, Savad-
koohi et al. [11] aimed to enhance the quality of meat-free sau-
sage by incorporating bleached tomato pomace. Their findings
indicated that the texture of the meat-free sausage (hardness,
cohesiveness, springiness, and chewiness) was inferior when
compared to that of beef frankfurters. However, they signifi-
cantly improved all these textural attributes by adding
bleached tomato pomace.

In Cameroon and Africa in general, there have been limited
studies conducted on the development of meat alternative
products, resulting in a gap in understanding in this area. Nev-
ertheless, this presents a great opportunity for food manufac-
turers and those who prioritize health [12]. Little or no studies
have been carried out on the use of egusi seeds (protein-rich
seed of certain Cucurbitaceous plants) as a substitute for meat
in meat-based products. By using these seeds as industrial raw
materials, the production of these underutilized seed will in-
crease. Also, industrializing the production of foods made
from them increases the demand for these seeds and its prod-
ucts [13]. Thus, increasing the output of Cucurbitaceae sau-
sage may be a way to encourage the production and consump-
tion of egusi seeds and remove pressure on other meat sources
of protein. This study aimed at formulating and estimating the
shelf-life of plant-based sausages from egusi seeds and ani-
mal-based sausages from chicken.

2. Materials and Methods

2.1. Study Design and Samples Collection

This research is a laboratory-based experimental and ana-
lytical study carried out at the Agroecology laboratory of the
University of Buea, Cameroon.

Egusi, chicken, ginger, garlic, pepper, eggs, wheat flour,
and black and white pepper for the sausage formulation were
purchased from the local markets (Central and Muea markets)
in Buea. Xanthan gum (XG, food grade) was purchased from
Aladdin Industrial Corporation. Chicken was also purchased
from the poultry farm of the Faculty of Agriculture and Veter-
inary Medicine. Commercial meat sausage (Jean FLOC’H®)
was purchased at the local store in Molyko, Buea to be used
as standard.
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2.2. Sausage Preparation

2.2.1. Processing of Egusi Seed (Citrullus Lanatus
Var Colocynthoides) and Spices Blend

Peeled egusi seeds of Colocynthis citrullus L. were pur-
chased and further dried in an oven (BIOBASE Model: BOV-
TF) at 50°C for lhour to reduce moisture then ground into a
meal. Also, dried spices (black and white pepper) used for this
study were ground as purchased separately in a dry electric
blender (Singsung Blender Model: BL500). All fresh ingredi-
ents (onion, pepper, ginger, garlic) werae ground separately in
a blender without addition of water. Spices blend for egusi and
chicken sausages were formulated according to Djiogue et al.
[14] and Nowsad and Hoque [15] with some modifications.

2.2.2. Formulation of Sausage from Egusi Seed

Sausages with varying compositions were produced by
mixing egusi seed meal with spices blend (Table 1), salt, oil,
water and a binder as shown on Table 2 to form a homogenous
batter. In separate batches, wheat flour, xanthan gum, and egg
white were added in proportions indicated on Table 1 to ob-
serve for changes in sensory attributes like texture, elasticity
and appearance of sausage.

2.2.3. Formulation of Chicken-based Sausage

Sausage was formulated according to Ayandip et al. [16]

with some modifications. Fresh chicken was frozen and
deboned and the flesh collected. The flesh was trimmed to re-
move fat and skin and then refrozen at -18<C. The chicken
flesh was minced through a 6 mm plate using a meat grinder
(YABANO MEAT GRINDER MODEL: MG412) after which
other ingredients like spices, salt, binders and water were
added in different proportions and batches as shown in the Ta-
ble 3 and homogenized to obtain batters. The fine blended
mixtures were stuffed into artificial casing and refrigerated at
4<C for 1 hour to allow ingredients equilibrate.

Table 1. Spices formulation for sausages.

Table 2. Plant based sausage formulation.

Items EF1 EF2 EF3
Egusi Seed meal (g) 24.61 29.61 18.61
Spices (g) 7.02 7.02 7.02
Salt (g) 2.08 2.08 2.08
Oil (g) 2.08 2.08 2.08
Water (g) 52.08 52.08 52.08
Bouillon cube (g) 3.13 3.13 3.13
Wheat flour (g) - 10.00 15.00

Xanthan gum (g) - - -

Ingredient Egusi Chicken

Pepper (g) 2.31 30

Black pepper 0.89 -

Bouillon cubes 3.13 -

White pepper (g) 0.68 0.136

Garlic (g) 0.73 2.13

Ginger (g) 0.85 0.43

Onion (g) 1.56 0.43
EF4 EF5 EF6 EF7
13.61 33.31 33.11 32.61
7.02 7.02 7.02 7.02
2.08 2.08 2.08 2.08
2.08 2.08 2.08 2.08
52.08 52.08 52.08 52.08
3.13 3.13 3.13 3.13
20.00 - - -
- 0.30 0.50 1.00

EF1: Egusi sausage with 9% egg as binder; EF2, EF3, EF4: Egusi sausage with 10; 15; 20% wheat flour as binder respectively; EFS, EF6, EF7:

Egusi sausage with 0.3; 0.5; 1% xanthan gum as binder respectively.

Table 3. Formulation of chicken-based sausage.

Items CF1 CF2 CF3
Chicken (g) 66.64 72.62 70.62
Water (g) 17.69 17.69 17.69
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CF 4 CF5 CF6 CF7
68.62 75.34 75.14 74.64
17.69 17.69 17.69 17.69
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Items CF1 CF2 CF3
Spices (g) 3.62 3.62 3.62
Bouillon cube (g) 1 1 1
Wheat flour (g) - 10 -
Xanthan gum (g) - - -

CF 4 CF5 CF6 CF7
3.62 3.62 3.62 3.62
1 1 1 1
- 0.3 0.5 1

CF1, CF3, CF4: Chicken sausage with 3; 5; 7% egg as binder; CF2: Chicken sausage with 10% wheat flour as binder; CF5, CF6, CF7: Chicken
sausage 0.3; 0.5; 1% xanthan gum as binder respectively2.2.4. Stuffing and cooking of sausage

The mixtures were then stuffed accordingly into the casings
(Mahogany casing for egusi sausage and plastic casing for
chicken sausage) using a manual plastic stuffer (Teensery
Z1.3018) with a length of 17cm for chicken and 21cm for egusi
sausages. The sausages were boiled in an aluminum pot (40cm
in diameter and 19cm in depth) at 100<C for 2 hours (egusi sau-
sages), 90 T for 25 minutes (for chicken sausages till an internal
temperature of 74<C) with a sausage: water ratio of 1: 2, then
chilled to 15-20<C with cold water for 15mins and the sensory
evaluation was conducted for the selection of the best samples.

2.3. Analysis of the Formulated Sausages

2.3.1. Sensory Evaluation

Acceptance of the different sausage samples was evaluated
using a 9-point hedonic scale for attributes; appearance, color,
flavor, texture and overall acceptability ranging from 1 (dis-
like extremely) to 9 (like extremely) using twenty untrained/
semi trained (acquainted to product) panel members consist-
ing of faculty member, research fellows and other students.
They were briefly explained about nature of experiment with-
out revealing the identity of samples. Sausage samples were
warmed to a temperature of 45°C before serving, then cut in
slices of 2-cm diameter and 2-cm thickness were cut. Samples
were warmed to a temperature of 45°C initially before serving.
Individuals received coded samples accompanied by a glass
of water and tissue to cleanse the taste buds between each sam-
ple and a sensory evaluation card for scoring [17].

2.3.2. Selections

After sensory evaluation, 3 best samples (based on their
scores) were selected for each sausages type (plant, and animal
based) based on the consumers higher acceptance (using the
commercial purchased sausage as control. Given a total of 7
samples coded as: EF1: Egusi sausage with egg as binder; EF2:
Egusi sausage with wheat flour as binder; EF6: Egusi sausage
with xanthan gum as binder; CF1: Chicken sausage with egg as
binder; CF2: Chicken sausage with wheat flour as binder; CF5:
Chicken sausage xanthan gum as binder; MF1 (standard): Meat
sausage purchased). These best formulae were reproduced back
for further analysis (nutritional, physical, phytochemical and
shelf-life studies (microbiological analysis).
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2.3.3. Physical Analysis of the Best Formulated
Sausage Batters

On raw batter, the following test were conducted: emulsion
stability, jelly and fat separation, cooking loss, and shrinkage
while the following analysis (folding test, colour measurement
and pH) were conducted on the cooked sausages.

i. Jelly and fat separation

It was measured according to Serdaroglu et al. [18], two
pre-weighed large tubes with caps were filled with raw batter
for each sausage formula and then incubated in 800ml of boil-
ing water (at 90°C) in a 1.5L boiler for 35 minutes. The tubes
were then cooled under running tap water and stored at 4°C
for 24 hours. Afterwards, the tubes were re-heated at 45°C for
1 hour and the fluid from each sample was collected in a vol-
umetric cylinder. The Jelly and fat separation calculated as a
percentage of each original batter weight.

Jelly and fat seperation (%)=(volume of water re-
leased)/(weight of batter) x 100

ii. Cooking loss and Shrinkage

The cooking loss of the sausage samples was determined ac-
cording to the method of Choi et al. [19] with slight modifica-
tion. Thirty-gram raw batter was stuffed into screw top test
tubes and was heated in a steam bath at 70<C for 30 min. The
cooked samples were quickly immersed in cool water for 10
min. Cooking loss was determined by weighing individual sau-
sage sample before and after cooking, and difference expressed
as a percentage of the original weight. The percentage cooking
yield was evaluated by dividing the weight of the cooked sau-
sage by the weight of the raw sausage and multiplying by 100.

Cooking loss (%)=(weight before cooking-weight after cook-
ing)/(weight before cooking) x 100

The effect of boiling treatment on shrinkage of sausages
was also determined as changes in diameter after cooking was
measured using the equation:

Shrinkage (%)=(Diameter before cooking-Diameter after
cooking)/(Diameter before cooking) x 100
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Table 4. Sensory evaluation and Folding test.

Binder Code Color Flavour
EGUSI SAUSAGE

Egg EF1 6.8 6.40
EF2 6.67 7.00

Flour EF3 7.00 5.50
EF4 6.56 6.44
EF5 4.80 6.33

Xanthan Gum EF6 6.83 8.00
EF7 433 6.67
CHICKEN SAUSAGE

Egg CF1 6.83 7.67

Wheat flour CF2 7.00 7.25
CF3 6.13 7.13

Egg
CF4 6.00 6.13
CF5 6.00 5.80

Xanthan gum CF6 6.00 4.60
CF7 5.00 4.00
MF 7.14 7.10

Taste Appearance/texture Overall Acceptability
7.30 7.60 7.04
7.10 6.50 6.82
6.80 7.40 6.68
3.80 5.78 5.65
5.67 4.11 5.23
7.30 5.3 6.86
4.60 5.00 5.15
6.83 5.83 6.79
7.00 7.00 7.06
7.50 6.5 6.82
6.38 6.5 6.25
4.40 32 4.85
3.80 24 4.20
2.40 2.00 3.35
6.00 6.71 6.74

Values for sensory evaluation are presented as mean =+ standard deviation. EF1: Egusi sausage with 9% egg as binder; EF2: Egusi sausage with
10% wheat flour as binder; EF3: Egusi sausage with 15% wheat flour as binder; EF4: Egusi sausage with 20% wheat flour as binder; EF5:
Egusi sausage with 0.3% xanthan gum as binder; EF6: Egusi sausage with 0.5% xanthan gum as binder; EF6: Egusi sausage with 1% xanthan
gum as binder; CF1: Chicken sausage with 10% wheat flour as binder; CF2: Chicken sausage with 3% eggs as binder; CF3: Chicken sausage
with 5% eggs as binder; CF4: Chicken sausage with 7% egg as binder; CF5: Chicken sausage with 0.3% xanthan gum as binder; CF6: Chicken
sausage with 0.5% xanthan as binder; CF7: Chicken sausage with 1% xanthan as binder MF1 (standard): Meat sausage purchased.

iii. Emulsion stability

Raw batter (10 g) was weighed in a tube and centrifuged at
2500rpm for 5 min at 4<C using a tabletop centrifuge (80-1
Electric Centrifuge). Subsequently, the tube was heated in a
water bath at 80 <C for 60 min. The tube was then left to stand
upside-down for 45 min to allow any liquids to drain out. The
supernatant was decanted and the total fluid released (TFR)
was expressed as a percentage of the sample weight using the
following formula. Finally, the water content of the released
fluid was determined by evaporating it in an oven at 100<C for
16 hours. Released fat (%) was calculated as the difference
between TFR and released water [20].

TER (%)= (Ws+tW)-(W+Wp))/Ws x 100

Released fat (%)=TFR (%)-%Water released (%)
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where Wt is the weight of centrifuge tube; Ws is the weight of
sample; and Wp is the weight of pellet.

iv. Frying loss

Sliced sausages with 1 cm thick, was deep-fried in refined
palm olein for 5 minutes using an electric air fryer and then
cooled down to room temperature. The frying loss was calcu-
lated by weighing the slices before and after frying and ex-
pressed as a percentage [21].

Frying loss (%)=(weight before frying-weight after fry-
ing)/(weight before frying) x 100

v. Folding test

The folding test was performed using a five-point grade
system according to the method of Cardoso et al. [22]. The
sausages were cut into thin slices, of about 3 millimeters thick-
ness. Then, the slices were slowly folded in half to see how
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they broke or tear. They were graded as follows:

1) Breaks by finger pressure

2) Cracks immediately when folded in half

3) Cracks gradually when folded in half

4) No cracking after folding in half

5) No cracks after folding twice

Colour measurement

Color measurement was performed using a colorimeter
(Linshang Colorimeter MODEL.: LS172), calibrated to white
standards tiles prior to measurement. The samples were sliced
into 3cm %2 cm (length x diameter) pieces and then placed in
a circular clean dried Petri dish. Afterwards, the cap was
locked and the color value were displayed as the lightness
(CIE L%*), the redness (CIE a*) values and the yellowness
value (CIE b*). The instrument was calibrated with a white
plate (CIE L*: +93.10, CIE a*: -0.02, CIE b*: -0.60) [23].

viii. pH of sausage

One gram of each sample was weighed and homogenized
with 10 ml of distilled water for 5 minutes. The obtained sus-
pension was stirred for 30minutes using a vortex and centri-
fuged at 4,500rpm for 15minutes. The pH of the aqueous phase
was measured using a pH meter (Model HI 84530, Hanna In-
struments Co., USA) in triplicates at 25<C. The pH meter was
calibrated using standard buffers of pH 4.0, 6.8 and 9.0 at 25<C.

2.3.4. Nutritional Analysis of the Best Formulae

i. Proximate analysis

The sausages underwent analysis in triplicate for moisture,
crude protein, crude fat, and ash, following the approved
method of AOAC [24]. Carbohydrate content was determined
by calculation of the remaining difference.

ii. Vitamin A

The B-carotene was determined by the method of Aremu et
al. [25]. The beta carotene was calculated using the following
formula:

Beta-carotene (ug/100g) = Absorbance (436 nm) XV XD x
100 <100/W xY

where: V = Total volume of extract; D = Dilution factor; W =
Sample weight; Y = Percentage dry matter content of the sam-
ple.

iii. Mineral content

Minerals (P, Ca, Mg, K, Na, Fe and Zn) were assayed by
Atomic Absorption Spectroscopy (AAS). All metal determi-
nations were conducted using the 1ce3000 vI.3 AAS (Atomic
Absorption Spectrophotometry) device.

2.3.5. Phytochemical Analysis

1) Total Phenolic Compounds

The total phenolic content was assessed using the spectro-
photometric technique with the Folin-Ciocalteu reagent as
outlined by Gao, with minor adjustments [26].

2) Flavonoids

The flavonoids content in the sausages were determined by
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the method described by Yadang et al. [27]. The amount of
flavonoids contained was calculated using a standard solution
of Quercetin (Img/ml) and the results were expressed in mil-
ligrams of Quercetin per gram of dry sample.

3) Tannins

Tannin was determined using the spectrophotometric
method using acidified vanillin [28]. The amount of tannins
was calculated using a standard solution of tannic acid
(5mg/ml) to obtain a standard curve and the results were ex-
pressed in milligrams of tannic acid per gram of solids.

4) Saponins

Saponins were tested according to the method (Frothing test)
described by Banso and Adeyemo [29]. This was done by mix-
ing 1g of sample in a test tube containing 3mL of hot distilled
water. The mixture was shaken vigorously for 1 minute to ob-
serve for persistent foaming.

2.3.6. Microbiological Analysis and Shelf Life
Evaluation of the Sausages During
Continuous and Discontinuous Storage

The shelf lives of the various sausages were determined using
the method of microbiological measurements and sensory per-
ceptions. Test for microbial contamination during discontinuous
storage was done initially, at 2 weeks intervals (day 1, 14 and 28)
of storage at 4 <C in a refrigerator (ie. for each duration a batch of
sausage was stored). For the continuous storage (i.e just one bath
of sausage was produced and opened to cut a sample for analysis
and re-stored to be reused again when the next storage time will
come), the same procedure was carried out but this time, the sau-
sages were opened and stored at 4<C in the refrigerator and the
microbial load measured after every 3 days (1, 3, 6 and 9 days)
without discarding the sausage samples. During this storage pe-
riod, sausages were also observed for changes in colour, smell
and texture. The results were given from day 1 to 9 for continuous
storage and after each two week (day 14 and 28) for discontinu-
ous storage on the same graph given that day 1 was the same for
continuous and discontinuous treatments.

i. Preparation and dilution of Samples

A 1: 10 dilution was made by adding 1 g of the crushed
sample into 9 ml of sterile distilled water and shaken to obtain
a homogenous mixture. The stock solution was serially diluted
up to 10-5 as described by Willey et al. (2008).

ii. Total bacteria count

Nutrient Agar (NA) (2.4g) was dissolved in 100mL of dis-
tilled water, autoclaved at 121 <C for 1 hour in an electric pres-
sure steam sterilizer (Model No. 25X) and allowed to cool to
about 45<C. The work environment was sterilized with 70%
alcohol. 1mL of each sample was pipetted into labelled petri-
dishes with the use of a micro pipette (Gilson Pipetman,
060087N). The medium (NA) was poured into the petri dish
and agitated gently to homogenize with the sample. This so-
lidified and formed a gel in the petri dish. It was then incu-
bated (DHP-9050) at 37 <C for 24 hours. After which, the total
bacteria were counted as colony forming units (CFU) [30].

iii. Total yeast count
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Potato Dextrose Agar (PDA) (4.2g) was dissolved in
100mL of distilled water, autoclaved at 121 <C for 1 hour in an
electric pressure steam sterilizer (Model No. 25X) and al-
lowed to cool to about 45<C. The working environment was
sterilized with 70% alcohol. 1mL of each sample was pipetted
into labelled petri-dishes with the use of a micro pipette (Gil-
son Pipetman, 060087N). The PDA medium was poured into
the petri dish and agitated gently to homogenize with the sam-
ple. This solidified and formed a gel in the petri dish. It was
incubated (DHP-9050) at 37 <C for 1 week and the total yeasts
were counted as colony forming units (CFU) according to
Olorunjuwon et al. [30].

iv. Total coliform count

Violet Red Bile Lactose (VBRL) Agar (6.2g) was dissolved
in 150mL of distilled water. This solution was allowed to boil
while shaking over a Bunsen burner flame until it was com-
pletely dissolved. It was then allowed to cool to about 45<C.
The work environment was sterilized with 70% alcohol. One
mL of 10-1 and 10-2 dilutions of each sample was pipetted
into labelled petri-dishes with the use of a micro pipette (Gil-
son Pipetman, 060087N). The VBRL medium was poured into
the petri dish and agitated gently to homogenize with the sam-
ple and allowed to set. More of the medium were poured to
prevent entry of Oxygen. The solidified gel was incubated
(DHP-9050) at 42<C for 24 hours. After which, the total coli-
forms were counted as colony forming units (CFU) [30, 31].

2.4. Statistical Analysis

The experiments were conducted in duplicate, according to
Means and standard deviations were calculated using Mi-
crosoft Excel, 2019. Data was analyzed using GraphPad Instat
version 3.00 and one-way Analysis of Variance (ANOVA)
was performed. Differences among the means was analysed
using Bonferroni test and the significance level was defined at
p< 0.05, Data was expressed as mean %£SD.

3. Results

A total of fourteen different formulae of sausages were pro-
duced. Seven for chicken and seven for egusi while commer-
cial beef sausage was purchased from the local store and used
as standard. Sensory analysis was conducted for all the sam-
ples and the best 3 samples from each protein source (chicken

and egusi) for each of the binders (egg, wheat flour and xan-
than gum) were selected for further analysis like nutritional,
physicochemical, phytochemical and microbial analysis. The
results are presented below.

3.1. Sensory Attributes of the 14 Formulae of
Egusi and Chicken Sausages

Results on Table 4 Showed that all samples had no signifi-
cant difference in taste and appearance with beef sausage
(standard). Samples EF5, EF7, and C7 were significantly
lower than the beaf sausage in terms of color. A significantly
lower value was observed in the flavour of sample EF6 and
CF6 when compared to the standard. Also, the overall accept-
ability of the products varied, with samples EF4, EF5, EF7,
CF5, CF6, CF7 being significantly different from the standard.
From the values of overall acceptability, the best samples for
egusi and chicken sausages were found to be sample EF1 and
CF1 for egg binder, EF2 and CF2 for wheat flour binder, EF6
and CF5 for xanthan binder.

Egusi sausage with 15% wheat flour as binder; EF4: Egusi
sausage with 20% wheat flour as binder; EF5: Egusi sausage
with 0.3% xanthan gum as binder; EF6: Egusi sausage with
0.5% xanthan gum as binder; EF6: Egusi sausage with 1%
xanthan gum as binder; CF1: Chicken sausage with 10%
wheat flour as binder; CF2: Chicken sausage with 3% eggs as
binder; CF3: Chicken sausage with 5% eggs as binder; CF4:
Chicken sausage with 7% egg as binder; CF5: Chicken sau-
sage with 0.3% xanthan gum as binder; CF6: Chicken sausage
with 0.5% xanthan as binder; CF7: Chicken sausage with 1%
xanthan as binder MF1 (standard): Meat sausage purchased.

3.2. Physicochemical Characteristics of the
Highly Accepted Sausage Formulae

3.2.1. Physical Parameters

i. Emulsion Stability

Table 5 shows the results obtained for emulsion stability in
terms of water, fat and total fluid released. Samples CF1 and
CF5 had significantly higher (p<0.001) values for water, fat
and total fluid released compared to all other sausages. EF1
had higher values for these parameters compared to other
egusi sausages.

Table 5. Emulsion stability (Water, Fat and Total Fluid Released).

Sample Water Released (%)
EF1 4.49+0.71?

EF2 -

EF6 0.50+0.00°

CF1 7.12+0.06%

Fat Released (%) TFR (%)
4.97+0.71°
0.50+0.00¢

6.93+0.55% 14.05+0.504
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Sample Water Released (%)
CF2 4.40+1.69%
CF5 6.91+1.994¢

Fat Released (%) TFR (%)
1.8+0.86° 6.20+2.35°
6.7+2.26* 13.61+4.24¢

Values for emulsion stability are presented as mean =+ standard deviation. (a-e) values of the same column with different superscripts are
significantly different at p<0.05. EF1: Egusi sausage with egg as binder; EF2: Egusi sausage with wheat flour as binder; EF6: Egusi sausage
with xanthan gum as binder; CF1: Chicken sausage with egg as binder; CF2: Chicken sausage with wheat flour as binder; CF5: Chicken

sausage xanthan gum as binder.

ii. Jelly and Fat Separation, Cooking Loss, Shrinkage and
Frying Loss

The results obtained for jelly and fat separation, cooking
loss, weight gain, shrinkage and frying loss are presented in
Table 6. For the jelly and fat separation, a significant differ-
ence was observed in the values for all the chicken sausages
when compared to the egusi sausages. It can be noted that,
there was no significant difference (P>0.05) in the values of
cooking loss and weight gain for the sausages except samples
EF6 and CF5 which showed a significant decrease in cooking
loss and weight gain from the other formulations. There was
no significant difference (P>0.05) in the value of shrinkage for
all the sausages. For frying loss, samples CF1 and CF5
showed no significant difference from standard.

iii. Folding properties

Table 7 shows the results for the folding property of formu-
lated sausages. It can be noted that egusi sausages showed no
significant difference (p>0.05) in the folding property when
compared to the standard. For chicken sausages, only sample
CF5 was significantly lower than the standard (p<0.01).

iv. Instrumental colour measurement

Results for the instrumental color measurement are pre-
sented in Table 8 which showed samples EF6 and CF5 were
significantly different from other sausages in L* (Lightness).
All sausages had significantly higher (P<0.05) values than
standard for this parameter. For Redness (a*) all chicken sau-
sages exhibited lower values. In term of yellowness (b*), all
samples were significantly different from standard with egusi
sausages recording higher values and chicken sausages lower.

Table 6. Jelly and fat separation, cooking loss, weight gain, shrinkage, and frying loss.

Sample Jelly and Fat Separation Cooking Loss (%)
EF1 - -

EF2 - -

EF6 - -

CF1 7.31+0.22° 13.41+1.18%

CF2 7.46+0.12° 10.96+1.692

CF5 4.514+0.38¢ 3.79+0.17°

MF1 - -

Weight Gain (%) Shrinkage (%) Frying Loss (%)
7.06+0.04* - 0.43+£0.612
4.53+0.96° 1.19+1.682 -

1.66+0.10¢ - -

- 3.03£0.00? 7.71£0.80°

- 3.03+0.00? 2.4340.612

- 3.03£0.00? 5.00+0.61°

- - 6.58+0.81°

Values for jelly and fat separation, cooking loss, weight gain, shrinkage, and frying loss are presented as mean + standard deviation. @ values
of the same column with different superscripts are significantly different at p<0.05. EF1: Egusi sausage with egg as binder; EF2: Egusi sausage
with wheat flour as binder; EF6: Egusi sausage with xanthan gum as binder; CF1: Chicken sausage with egg as binder; CF2: Chicken sausage
with wheat flour as binder; CF5: Chicken sausage xanthan gum as binder; MF1 (standard): Meat sausage purchased.

Table 7. Folding property of formulated sausages.

Sample Score

EF1 2.73+0.33a
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Sample Score

EF2 2.89+0.48a
EF6 2.80+0.40a
CF1 3.00+1.01a
CF2 3.63£0.31b
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Sample Score
CF5 1.00+0.05¢
MF1 3.14+0.37ab

Values for folding test are presented as mean + standard deviation.
(a-c) values of the same column with different superscripts are sig-
nificantly different at p<0.05. EF1: Egusi sausage with egg as binder;
EF2: Egusi sausage with wheat flour as binder; EF6: Egusi sausage
with xanthan gum as binder; CF1: Chicken sausage with egg as
binder; CF2: Chicken sausage with wheat flour as binder; CF5:
Chicken sausage xanthan gum as binder; MF1 (standard): Meat sau-
sage purchased.

Table 8. Instrumental Colour Measurement.

Sample L* a* b*

EF1 60.11£0.31a 6.26+0.45a 20.62+0.18a
EF2 57.11+2.52a 6.43+0.26a 21.13+1.27a
EF6 46.05+1.56b 7.25+0.66a 24.86+0.84b
CF1 59.05+0.76a 3.64+0.18b 7.25+0.54¢
CF2 59.03+0.43a 3.79+0.057b 10.37+0.19d
CF5 45.73+£0.41bc 3.27+0.35b 6.82+0.31ce
MF1 30.62+2.40d 7.00+0.35a 5.42+0.35cef

Values for instrumental color measurements are presented as mean +
standard deviation. @D values of the same column with different su-
perscripts are significantly different at p<0.05. EF1: Egusi sausage
with egg as binder; EF2: Egusi sausage with wheat flour as binder;
EF6: Egusi sausage with xanthan gum as binder; CF1: Chicken sau-
sage with egg as binder; CF2: Chicken sausage with wheat flour as
binder; CF5: Chicken sausage xanthan gum as binder; MF1 (stand-
ard): Meat sausage purchased.

v. pH of sausages

Results for the pH measurement are presented in Table 9.
Results showed that there was no significant (P>0.05) differ-
ence in the pH amongst the egusi and chicken sausages. pH of
sausages increased with change in binder (egg, wheat and xan-
than). All sausages showed significantly higher (P<0.01 for
egusi sausages and P<0.001 for chicken sausages) pH values
with the standard sausage.

Table 9. PH and Shrinkage.

SAMPLE pH
EF1 6.71+0.046°
EF2 6.81+0.02%¢
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SAMPLE pH

EF6 6.82+0.022¢
CF1 6.93+0.04%
CF2 6.96+0.06%
CF5 7.00+0.16"
MF1 6.29+0.04¢

n=2. Values for pH and shrinkage measurements are presented as
mean =+ standard deviation. (a-d) values of the same column with dif-
ferent superscripts are significantly different at p<0.05. EF1: Egusi
sausage with egg as binder; EF2: Egusi sausage with wheat flour as
binder; EF6: Egusi sausage with xanthan gum as binder; CF1:
Chicken sausage with egg as binder; CF2: Chicken sausage with
wheat flour as binder; CF5: Chicken sausage xanthan gum as binder;
MF1 (standard): Meat sausage purchased.

3.2.2. Nutritional Composition of Sausages

i. Proximate composition and vitamin A content

The proximate composition of the different sausages eval-
uated are presented in Table 10. It can be noted that moisture
content ranged between 37.90-68.90%, ash content between
2.06-6.41%, fat between 11.15-33.52%, fiber between 0.00-
14.66%; carbohydrate between 1.51-9.80% and vitamin A be-
tween 0.67-12.80 mg RE/100g. There was no significant dif-
ference in the moisture, ash, fat and vitamin A content of the
egusi sausages except that of EF1 with significantly lower car-
bohydrate and fiber content with highest protein content. EF2
and EF6 exhibited an increase in carbohydrate and fiber con-
tent where EF6 was significantly higher than EF1. Similarly,
there was no significant difference in the moisture, ash, fat,
fiber and vitamin A content of the chicken sausages except the
carbohydrate content where CF2 and CF5 exhibited an in-
crease in carbohydrate. Results show that the moisture and
protein content of all egusi sausages were significantly lower
(P<0.05) than that of the standard beef and chicken sausages
exhibited significantly higher (P<0.05) protein and moisture
than standard. Highest values for moisture and protein were
observed in sample CF2 and while lowest values for moisture
and protein were observed in sample EF6. Ash content of sau-
sages did not differ significantly (P>0.05) from standard.
Samples EF6 and CF2 had the highest and lowest value for
ash respectively.

All egusi sausages had significantly higher (P<0.001) fat
contents when compared to standard meanwhile, chicken sau-
sages had significantly lower (P<0.01) values for fat. It can
also be noted from the results that, the fiber content of samples
CF1 and CF2 were comparable to that of the standard. All
other samples had significantly higher (P<0.001) values for
fiber than the standard with EF6 being the highest. For carbo-
hydrates, only sample CF2 exhibited significantly higher
(P<0.05) carbohydrate content when compared to standard.
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All other samples had significantly lower carbohydrate con-
tents, with EF1 being the lowest. Also, the total energy of sau-
sages reported shows that EF1 has a significantly higher value
(P<0.001) than the standard and the values for the other sam-
ples are significantly lower (P<0.001), with CF5 being the
lowest. All egusi sausage and chicken sausage samples were
significantly lower (P<0.001 and P<0.01 respectively) in vit-
amin A content compared to standard.

Values for the proximate composition are presented as
mean =*standard deviation. (a-g) values of the same column

with different superscripts are significantly different at p<0.05.

EF1: Egusi sausage with egg as binder; EF2: Egusi sausage
with wheat flour as binder; EF6: Egusi sausage with xanthan

gum as binder; CF1: Chicken sausage with egg as binder; CF2:

Chicken sausage with wheat flour as binder; CF5: Chicken
sausage xanthan gum as binder; MF1 (standard): Meat sau-
sage purchased.

ii. Mineral composition of sausages

Results for mineral composition are presented in Figure 1.
No significant difference (p>0.05) was observed amongst all
sausages and the standard. The highest value for P was rec-
orded for sample CF2 and the lowest for CF5. Sample EF1
was significantly lower (p<0.05) in Ca compared to standard
while CF2 portrayed the highest Ca content. All sausages were
low in Mg and higher in K compared to standard except sam-
ple EF6 which was highest in Mg and lowest in K. All sau-
sages also exhibited lower values for Zn compared to the
standard. Samples EF1 and EF2 were significantly lower in
Na compared to standard while CF5 recorded highest value.
Samples EF6 and CF2 had high Fe content compared to stand-
ard and other sausages.

Bars with different superscripts are significantly different at
p<0.05. EF1: Egusi sausage with egg as binder; EF2: Egusi
sausage with wheat flour as binder; EF6: Egusi sausage with.

Table 10. Proximate Composition expressed in terms of dry matter percentag.

Is)fem' ?f/:’)'““re ?,g matler ch(%) Fat(%)  Protein (%) Fiber (%) dC:;';“("‘,Z)) fl;‘:;lgjioog) zggl;“é?l‘gog)
EF1  39.4+141°  60.59+1.41° 4.58£1.36° 49.34+0.56" 32.94:0.37% 3.67£0.06" 9.59+0.12¢  599.5£0.22%  1.60+1.43°
EF2  40.6+3.96" 59.443.96° 5.80+0.81° 48.94+1.48" 25.93:0.29" 6.85:0.10° 11.91+0.15° 564.42+0.73> 1.35+133°
EF6  37.9+0.14° 52.1%0.14° 6.41+1.88% 49.43+0.56" 20.85:0.23¢ 10.66:£0.13¢ 12.56+0.16° 535.87+0.21° 0.67+0.80°
CFl  68.0940.13° 24.34=0.13% 2.4040.74* 19.0740.22> 69.78+0.79¢ 0.0040.00¢ 12.0140.27°  530.6140.29¢ 2.18+0.52°
CF2  68.90+0.11° 23.45+0.11° 2.06:0.69° 18.24+0.21° 67.9942.06¢ 0.02£0.00¢ 19.98+0.44°  484.09+1.05¢ 3.31+0.17°
CF5  66.0743.48> 26.59+3.480 2.49+40.46° 19.23+0.22b 63.98+1.94% 147+0.02¢ 13.3540.30" 476.53+0.97° 2.9+2.32b
MF1  53.0442.93° 41.06+2.93° 2.11+1.25% 29.9340.11° 51.0942.09° 0.00£0.069¢ 18.0740.40° 577.99+1.07¢ 12.8+3.38°

Values for the proximate composition are presented as mean + standard deviation. @# values of the same column with different superscripts
are significantly different at p<0.05. EF1: Egusi sausage with egg as binder; EF2: Egusi sausage with wheat flour as binder; EF6: Egusi sausage
with xanthan gum as binder; CF1: Chicken sausage with egg as binder; CF2
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Figure 1. Mineral composition of formulated sausages.
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3.2.3. Phytochemical Content

The phytochemical contents of the various sausages are pre-
sented in Table 11. It can be noted that the total phenolic content
of samples EF1, EF2, and CF2 were significantly higher than
the standard, with the highest value obtained in EF2. In contrast,
the value obtained for sample EF6 was comparable to that of
the standard. Sample CF1 and CF5 were significantly lower (P
<0.01) than standard, with CF1 exhibiting the lowest value. The

flavonoid contents of EF1, CF1, CF2, and CF5 were not signif-
icantly different (P>0.05) from the standard sausage. The flavo-
noid content for EF6 and EF2 were significantly lower (P<0.01)
compared to the standard, EF6 being the minimum. All sausage
samples had significantly lower tannin values. The lowest value
was observed in EF1. Aside from samples EF2 and CF2, all
samples were significantly higher (P<0.05) from standard in
saponin content. The lowest value was recorded in sample EF2.

Table 11. Phytochemical content.

Code TPC (ng GAE/g) Flavonoids (ug QE/g)
EF1 6.48+0.001* 0.35+0.06%

EF2 6.52+0.003¢ 0.12+0.03°

EF6 4.21£0.00° 0.10+0.00°

CF1 3.1140.001¢ 0.29+0.082%

CF2 5.26+0.001°¢ 0.16+0.05%

CF5 4.13+0.003f 0.510.01%

MF1 4.20+0.004° 0.40+0.012d

Tannins (ug TA/g) Saponins (g/g)
0.56+0.017* 0.01+0.002?
1.36+0.00° 0.003+0.00°
0.86+0.02¢ 0.01+0.0012
0.73+0.01¢ 0.01+0.002*
0.67+0.01¢ 0.004+.001b°
2.60+0.01° 0.01+0.00?
3.03+0.01¢ 0.004+0.007

n=2. Values for phytochemical analysis are presented as mean + standard deviation. (a-g) values of the same column with different superscripts
are significantly different at p<0.05. EF1: Egusi sausage with egg as binder; EF2: Egusi sausage with wheat flour as binder; EF6: Egusi sausage
with xanthan gum as binder; CF1: Chicken sausage with egg as binder; CF2: Chicken sausage with wheat flour as binder; CF5: Chicken
sausage xanthan gum as binder; MF1 (standard): Meat sausage purchased.

3.2.4. Microbial Load and Shelf Life Studies During Continuous and Discontinuous Storage of THE Best

Selected Sausages

Bacteria Count (CFU/g)
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Figure 2. Bacterial count of sausages from day zero to day 28 of storage.

EF1: Egusi sausage with egg as binder; EF2: Egusi sausage with wheat fl

our as binder; EF6: Egusi sausage with xanthan gum as binder; CF1:

Chicken sausage with egg as binder; CF2: Chicken sausage with wheat flour as binder; CF5: Chicken sausage xanthan gum as binder; MF1

(standard): Meat sausage purchased.
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Figure 3. Fungal count of sausages from day zero to day 28 of storage.

EF1: Egusi sausage with egg as binder; EF2: Egusi sausage with wheat flour as binder; EF6: Egusi sausage with xanthan gum as binder; CF1:
Chicken sausage with egg as binder; CF2: Chicken sausage with wheat flour as binder; CF5: Chicken sausage xanthan gum as binder; MF1

(standard): Meat sausage purchased.
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Figure 4. Coliform count of sausages from day zero to day 28 of storage.

Bars with different superscripts are significantly different at p<0.05. EF1: Egusi sausage with egg as binder; EF2: Egusi sausage with wheat
flour as binder; EF6: Egusi sausage with xanthan gum as binder; CF1: Chicken sausage with egg as binder; CF2: Chicken sausage with wheat
flour as binder; CF5: Chicken sausage xanthan gum as binder; MF1 (standard): Meat sausage purchased.

Results for microbial load and shelf life studies during con-
tinuous and discontinuous storage of sausages is represented
in Figures 2, 3 and 4 for bacterial, fungal and coliform counts
respectively. Total bacteria count (TBC) obtained on day zero
of storage up to day 28 were within the limits (105) set by
CODEX Alimentarius Commission for sausages. Total fungal
counts also fell within the recommended limit (102) set by
Tanzania bureau of standards for days zero to days 14. Highest
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values for all microbial loads were obtained on day 9 of stor-
age with day zero recording the lowest count.

3.2.5. Organoleptic Properties of Sausages

For the organoleptic properties of sausages during 28 days
storage, there was a noticeable improvement in the flavour and
texture of sausage especially for chicken sausage containing
xanthan gum as binder. An off flavor and color changes were
recorded on day 9 of storage after opening.
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4. Discussions

4.1. Sensory Evaluation

Sensory characteristics, particularly taste and appearance,
have a great impact on consumers' preference [32]. From the
results of sensory evaluation, lower values for color apprecia-
tion, taste and appearance for samples containing xanthan
gum especially at high concentration (1%) can be attributed to
the fact that xanthan gum interacts with other ingredients and
compounds like proteins, acids in sausages leading to the de-
velopment of some undesirable flavors, giving it a slightly
darker coloration. Its fiber and slimy nature also make it bind
more water giving it a softer, slimy and gummy texture in
chicken sausages and at high concentrations, the taste of xan-
than gum overshadows the expected taste of sausage. All this
led to a lower overall acceptability of the product. These re-
sults are contrary to report by Majzoobi et al. [10] who re-
ported that xanthan gum increased lightness and did not influ-
ence sensory properties of meat free sausages. Highest values
of sensory parameters and overall acceptability for sausages
containing egg can be attributed to the fact that eggs are rich
in amino acids including glutamic acid, cysteine and methio-
nine which contribute to the savory, umami-like flavor of sau-
sages. Also, these Sulphur containing amino acid breakdown
upon cooking to release volatile Sulphur containing com-
pounds which contributes to its characteristic flavour [33]. It
was observed that wheat flour improves the texture, taste and
overall acceptability of sausages however, increased propor-
tion up to 20% in egusi sausages led too sausage being too
dense and dry rather than smooth and juicy quality expected.
It also overshadowed the taste of the egusi seed in the sausage
leading to a lower overall acceptability of product.

4.2. Physical Analysis of Formulated Sausage
Batters

i. Emulsion Stability

It is the ability to maintain moisture and fat even with heat-
ing. It affects meat colour, texture and juiciness [34]. The abil-
ity of emulsion to bind water, fat, and/or other ingredients dur-
ing frying is a key factor affecting product quality and con-
sumer’s acceptance. The values obtained for water, fat and to-
tal fluid loss for egusi sausages were same as those (0.00%)
obtained by Deng et al. [35]. for meat free sausages except for
sample containing egg (EF1) which had a value of 4.49%. The
results of emulsion stability in terms of water, fat and total
fluid released for sample CF2 is similar to the results (5.42%)
reported by Zhang et al. [36] for pork sausage. The results for
chicken sausages are similar to those (4.51-32.51%) obtained
by Reddy et al. [37] and Paranagama et al. [38] for chicken
sausages incorporated with up to 9% sorghum, barley and oat
flour. The high values of water loss for EF1 and CF1 can be
attributed to the presence of eggs in sample which increased
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the moisture and protein content of the sausage, thereby re-
ducing the carbohydrate and fiber content and as such, reduc-
ing the ability of the sausages to hold up water, compared to
samples with wheat and xanthan gum, as carbohydrate and fi-
ber are known for their swelling and water binding properties.

Similarly high values of water, fat and total fluid released
for samples containing xanthan gum can be attributed to the
fact that the water surface tension for xanthan gum is affected
by pH and temperature, therefore temperature of cooking sau-
sages and the high pH value for xanthan samples affected its
ability to interact and form bond (as it is a charged polymer)
which increased the release of fluid in samples [39]. Lower
values of fluids loss in samples containing wheat flour can be
attributed to their presence of viscous polysaccharide (like
starch) in wheat flour with good water binding and emulsion
stabilizing capacity [40]. Similar observations were made by
Jeong et al. [41] who reported a reduction in fluids loss with
additives like flours to sausages.

ii. Jelly fat separation

Jelly and fat separation indicate binding properties which
signifies the ability of meat emulsion products to retain mois-
ture and fat after processing. Egusi sausages showed no sepa-
ration indicating that they have a good ability to retain mois-
ture and fat though they are high in unsaturated fats, in addi-
tion to the properties of the binding agents. This result is in
accordance to that reported by Martinez et al. [42] for the re-
placement of pork fat with olive oil in combination with bind-
ers like locust bean and xanthan gum in low-fat frankfurter
sausages.

iii. Cooking Loss and Shrinkage

Egusi seeds are mostly made up of oil with average amount
of protein and do not shrink upon cooking but rather absorb
water and gain weight. This explains why no cooking loss was
observed in egusi sausages but rather had values for weight
gain after cooking. Results for Cooking loss of chicken sau-
sages (3.79-13.41%) were higher than that (4.60 -6.67%) re-
ported by Rokib et al. [43] for chicken sausage and Zhang et
al. [36, 37] for pork sausage. This could be as a result of the
inclusion of sodium tripolyphosphate in their formulation
which is known for its emulsifying properties, minimizing
fluid loss, increasing cooking yield and hence cooking loss.
And also, from the variation in meat type for pork sausage,
similar findings were reported by Lee et al. [43] and Glorieux
et al. [44] (2017) who reported an increase in cooking yield
(decrease cooking loss), pH and emulsion stability in cooked
beef and emulsified meat products respectively. Results were
similar to those (6.09-12.78%) obtained by Reddy et al. [37]
for chicken sausage incorporated with different flours.

Safari [45] reported that cooking loss in meat depends on
ultimate pH and intramuscular fats. Li et al. [46] reported that
cooking loss decreases with increased pH due to the fact that
increase in pH makes protein more soluble, less likely to de-
nature and coagulate, hence, retains proteins and food matrix.
This implies the high pH of chicken sausages resulted to min-
imum cooking loss compared to other findings. Cooking loss
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is an important practical test to predict a product’s behavior
during processing [18] Shrinkage is an important part of phys-
ical attribute from consumer’s opinion (Tabarestani and Teh-
rani, 2014) [47].

Shrinkage was observed in chicken sausages only. These
values are lower than values obtained by Tabarestani and Teh-
rani [47, 48] for their pork and chicken sausages with least
amount of non-meat ingredients (soy protein isolate and glu-
ten) respectively. Shrinkage is due to protein denaturation

which causes fluid loss and reduction in sausage diameter [47].

The temperature and time of cooking greatly influence the re-
duction in diameter of emulsion products like sausages [49].
Cooking sausages at high temperature causes protein denatur-
ation and melting of fats, which leads to pore size reduction
and emulsion collapse [50].

iv. Frying loss

Frying loss for chicken sausages ranged from 2.43-7.71%.
these results were much lower than the results obtained by
Alugwu et al.[51] on the effect of deep frying on chicken
breast meat. The difference can be explained by the higher
moisture and fat content of chicken breast meat when com-
pared to chicken sausage where non-meat ingredients have
been added. Highest value obtained in chicken sausage with
egg as binder is due to the high protein content of egg which
is denatured upon frying. The low value obtained for sausage
with flour as binder is due to the fact that the inclusion of flour
into formulation minimizes cooking loss, shrinkage as well as
frying loss. Frying loss can be attributed to denaturation of
proteins and cross linkage. This leads to the release of mois-
ture and other volatile compounds as well as fat drippings or
leaching into the oil. Also, when oil replaces moisture in a
product, it causes lighter weight as oil has lower density com-
pared to water.

v. Folding property

The folding test score is directly related to the textural prop-
erty (like hardness and sensorial elasticity) of the product. The
higher the folding score the more elastic the product is. This
study indicated that chicken sausage is made with xanthan as
a binder, this may be due to high water absorption capacity.
Highest values were recorded for sausages with egg as binder
[52].

vi. Instrumental Colour Measurement.

Colour has been known to influence a consumer’s ac-
ceptance and perception of a product [53]. According to Lo-
renzo and Franco [54] color of sausages is most often influ-
enced by the amount of water and fat in the sausages. A de-
creasing trend in the values of L* and a* was observed in egusi
and chicken sausages as binder moved from egg to xanthan
gum. The value of b* showed an increasing trend as the binder
moved from egg to xanthan gum for chicken and egusi sau-
sage. The results obtained for L* in EF6 and CF5 were similar
to 45.3-50.34 reported by Arief et al. [55] for beef sausage
with incorporation of teak leaf extract but these results were
lower than those obtained for the other sausages. This can be
attributed to the fact that the protein source was different and
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chicken meat is low in myoglobin (protein which binds to
heme giving it a red coloration) as such turns white upon boil-
ing thereby increasing the lightness of the product. The value
of a* for egusi sausages were similar to values (6.2-7.53) ob-
tained by Lee et al. [56] for their pork sausages but chicken
samples showed lower value compared to their results. The
values for b* obtained for egusi sausage were slightly lower
than values reported by Deng et al. [35]. for meat free sausage.
For chicken sausage, the b* values were lower than the report
of Arief et al. [55] for beef sausage.

vii. pH of sausages

From the results, the pH value of the egusi and chicken sau-
sages were higher than the results (6.48-6.53) obtained by
Rokib et al. [43].) for chicken sausage with no and partial re-
placement of chicken meat by 10% rice and wheat flour, but
similar to the values obtained by Kamani et al. [35]. who stud-
ied the partial and complete replacement of meat by plant-
based protein. The slight increase in pH value in the samples
can be explained by the incorporation of wheat flour and xan-
than gum especially to the formulation. Similar trend was re-
ported by Deng et al. [35] who incorporated soy protein into
meat sausage and realized that increasing soy protein concen-
tration increases pH of sausages. This is because the range of
pH for xanthan gum is slightly above the normal range of
chicken meat. Egusi sausages had no shrinkage except EF1
which had a slight increase in shrinkage value. This indicates
the excellent ability of egusi seed in retaining its network
structure after cooking. This result is comparable to results ob-
tained by Kamani et al. [35] for their plant-based sausage us-
ing soy protein.

4.3. Proximate Composition of Sausages

The moisture content of egusi sausages ranged from 37.9-
40.6%. These results are lower than results obtained by Para-
nagama et al. [37] who formulated vegan sausage from coco-
nut flour and oyster mushroom. The moisture content of
chicken sausages ranged from 66.07-68.90% which is similar
to the results obtained by Pagthinathan and Gunasekara [40]
ranging from 60.08+1.62% -70.7440.12% but higher than
49.24-56.82% obtained by Jeong et al., [41] for beef meat sau-
sage due to the high moisture content of chicken meat when
compared to beef. Higher moisture content of wheat flour
samples could be as a result of its high starch content in wheat
which absorbs more water thereby improving water holding
capacity in sausages. Similarly, a previous study [40] reported
that addition of buckwheat resulted to increase in moisture of
sausages. Also, the low value of moisture for sausages con-
taining xanthan gum can be as a result of its low concentration
in sample making it bind less water as reported by Arora et al.
[57] who studied the effect of binding agents on quality of
mushroom based sausage analogue and concluded that mois-
ture content of samples increased with increase concentration
of binder (xanthan gum). Similar reports were described by
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Han et al. [58] who studied the comparative evaluation of pol-
ysaccharide binders on the quality characteristics of plant-
based patties.

Increase ash content can be due to the inclusion of non-meat
ingredients to formulation as reported by Pagthinathan and
Gunasekara [40]. The ash content for egusi sausages ranged
from 4.58-6.41% these values are relatively higher than values
obtained by Paranagama et al. [38]. for their plant-based sau-
sage formulation (2.62 £0.18%) due to difference in formula-
tion ingredients. The ash content for chicken sausages ranged
from 2.06-2.49%. Similar results were obtained by Zagar et al.
[59] in chicken sausage incorporated with pumpkin but these
results were much lower than the value (8.9410.34) reported
by Aboubakar et al., [60] for chicken sausage. Results of ash
content for all sausages were higher than 1.39% obtained by
Jeong et al. [41] for meat sausage due to added fat in their
formulation which increased% fat there by lowering ash. Ash
content is an indication of mineral elements present in the
sample. Minerals are inorganic nutrients, usually required in
small amounts from less than 1-2500mg per day depending on
the mineral. Minerals function in bone and teeth formation and
maintenance, adenosine triphosphate (ATP) and nucleic acid
synthesis, cofactors of enzymes, red blood cell formation
(Soetan et al., 2010).

From the results the carbohydrate content of egusi sausages
ranged from (9.59-12.56%) which is lower than (21.78 =+
0.38%) values obtained by Paranagama et al. [38] for their
plant-based sausage formulation and higher than that (4.07%)
reported by Taiwo et al. [69] for Cucumeropsis mannii seeds
but similar to results obtained by Taiwo et al. [70] for egusi
(Citrullus lanatus colocynthoides) melon seed. Results were
higher than (7.7%) reported by Sharma and Akansha et al. [71]
for the nutritional composition of egusi (Citrullus lanatus col-
ocynthoides) melon seed.

The results for carbohydrate content of chicken sausages
(12.01-19.98%) were lower than the results obtained by Abou-
bakar et al., [60]. The lower carbohydrate content of sausages
with egg as binder is due to the fact that eggs are poor in car-
bohydrate but rich in protein there by slightly reducing carbo-
hydrate content of sausage. The increase in carbohydrate con-
tents for sausages containing wheat flour and xanthan gum
might be due to the wheat flour and xanthan gum used during
sausage formulation which not only contributes to the texture
of the product due to its gelling power and thickening, but also
increases its carbohydrate content. Carbohydrates have sev-
eral roles in living organisms and they consist both simple and
complex carbohydrates. Glucose serves as a universal energy
source for the body cells and in biosynthesis [61]. Polysaccha-
rides like cellulose serve as a structural component of cell wall
in plants, Ribose and Deoxyribose are components of RNA
and DNA respectively. Lyxose forms part of lyxoflavin which
is a component of the human heart. Other functions include;
part of glycoproteins and glycolipids, involved in semen for-
mation and storage form of energy [62].

Lipid content for egusi sausages ranged from 48.94-
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49.43%. These results are much higher than 8.23-9.79% ob-
tained by Rawdkuen et al. [63] for their plant-based sausage
with grey oyster mushroom. The high fat content of egusi sau-
sage is as a result of the fact that egusi seed is made up of
about 50% oil (mainly unsaturated). Also, the relationship be-
tween moisture and fat is inversely proportional as explained
by Emebu et al. [64]. The high fat content of egusi sausages
can also be attributed to their very low moisture content. The
results obtained for lipid content of chicken sausages (18.24-
19.23%) were higher than the results (16.21-18.29%) obtained
by Safaa [65] (2019) in terms of dry matter for chicken sau-
sages formulated with chia seeds. This may be due to the in-
corporation of chia seed which increases fiber content and re-
duces fat content of sausage. Variation in lipid content could
also be as a result of some factors affecting the chemical com-
position of meat like sex, age and feeding method [66]. Lipids
are heterogenous pool of water insoluble metabolites which is
mainly made up of fatty acids and cholesterol [67]. It refers to
a group of diverse molecules like steroids, triglycerides and
phospholipids and play a role in maintaining the structural in-
tegrity of cells, hormone synthesis, vitamin transport, act as
energy source, signaling molecules, and in cognition and
mood regulation [68].

The results obtained for the protein content of egusi sau-
sages (20.85-32.94%) is lower than the protein content re-
ported by Taiwo et al. [69] for Cucumeropsis mannii seed, this
is due to the addition of other non-seed ingredients like wheat
flour and xanthan which increased carbohydrate and fiber con-
tent thereby reducing protein content.

The protein content of chicken sausages which ranged from
63.98-69.78% were higher than results obtained (53.77-
59.60%) by Safaa, [65] for chicken sausages formulated with
chia seeds and 52.49-63.59% reported by Bahailu and Abebe,
[72] for beef meat sausage with incorporation of soybean flour
in terms of dry matter. Although chia seeds and soybean flour
are higher in protein than wheat flour and xanthan, the higher
results obtained maybe due to the variation in protein content
of chicken meat caused by some factors affecting the chemical
composition of meat like meat type, sex, age and feeding
method [67]. High protein values for samples containing egg
as binder is due to the inclusion of egg which is protein rich
while low values or xanthan samples may be as a result of the
poor protein content and high fiber content of xanthan gum.
Protein is a key component that contributes to the unique prop-
erties of sausages [73, 74]. Research has shown that protein
degradation occurs during the processing of meat products
[75], leading to changes in the composition and structure of
proteins. The effects of protein breakdown on the quality of
meat products can be both advantageous and disadvantageous
[75]. Protein degradation can influence the color, water reten-
tion capacity (WHC), and gel structure of meat products, often
resulting in negative impacts on processing characteristics and
nutritional quality. Nevertheless, the breakdown of proteins
also generates smaller molecular compounds such as peptides,
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amino acids, and amines, which are significant in the devel-
opment of flavor in meat products [76].

Fiber of sausages ranged from 0.00-10.66%. Fiber content
of egusi sausages were higher than the results obtained (2.71%)
by Taiwo et al. [69] for Cucumeropsis manni seeds due to the
incorporation of wheat flour which is high in fiber as well as
xanthan gum which is mainly fiber. The fiber content of
chicken sausage sample CF1 and CF2 were similar to 0.2%
obtained by Sanjay et al. [77] obtained for chicken sausages
but sample CF5 exhibited higher values due to the presence of
xanthan. The presence of small amounts of fiber in chicken
sausages is due to binders and spices. Lowest values for sam-
ples containing eggs are due the poor fiber content of egg.
Consuming foods rich in dietary fiber can help reduce the oc-
currence of ailments like obesity, cardiovascular disease, and
coronary heart disease the incidence of conditions such as
obesity, cardiovascular disease, and coronary heart disease
[78]. In meat products, fiber is essential as it improves cooking
yield and stabilizes emulsions through its ability to bind water
and fat, along with its contributions to texture [79]. Numerous
research studies have indicated that adding fiber sources such
as grains, vegetables, and plants can enhance the functional
characteristics of different meat products [80, 81].

Results for energy content of sausages ranged from 476.53-
599.5 Kcal/100g. These results were higher than those ob-
tained by Mohammadi and Oghabi, [82] for low-fat and low-
calorie beef sausage. The energy content of food is signifi-
cantly affected by the amount of fat. Higher fat content of
egusi sausages led to a higher total energy value despite the
low protein content when compared to chicken sausages be-
cause, the value of fat is multiplied by 9 unlike protein which
is multiplied by 4.

Vitamin A content of all sausages which ranged from 0.67-
12.8mgRE/100g was comparably higher than the results re-
ported by Lee et al. [43] who studied the effect of citron peel
powder on emulsion-type sausages. Vitamin A plays crucial
roles in the human body, including maintaining vision and eye
health, regulating cellular growth and differentiation, ensuring
reproductive health, and promoting bone health. Vitamin A is
also crucial for the proper development and maintenance of
the immune system [83].

4.4. Mineral Composition of Sausages

Results show that sausages contain minerals, which have
important roles in the human body such as transmission of
nerve impulses, enzymatic reactions, energy production, and
other biological reactions.

Phosphorous content of sausages ranged from 714.93-
787.27 mg/100g. Higher values for sausages containing egg
and wheat flour can be explained by the fact that eggs are
known to be rich in phosphorus [84]. Wheat flour also con-
tributes to phosphorus content due to its mineral profile. These
results are higher than reports obtained by Ajibe et al. [85] for
Cucumeropsis mannii seeds and higher than results (226
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mg/100g) obtained by Benamirouche [86] for broiler chicken
meat. Phosphorous plays a role in bone mineralization, is a
component of ATP (adenosine triphosphate), which is neces-
sary for energy transfer in cells, and also a part of DNA and
RNA, essential for cell growth and repair [87].

Calcium is crucial for the development and maintenance of
strong bones and teeth thereby preventing osteoporosis and
fractures, and essential for muscle contraction, including heart
muscles, thereby supporting cardiovascular health [88]. Egusi
sausages had a calcium content ranging from 664.00-728.00
mg/100g while chicken sausages had values from 752.00-
800.00 mg/100g much higher than 18.74 mg/100 g obtained
by Ovuchimeru [89] for beef sausage with full fat soy flour.
Sausages containing egg as binder were not as high in calcium
as those of wheat flour and xanthan gum due to the low per-
centage inclusion though they are rich in calcium. Wheat flour
contributes to calcium content. Also, xanthan gum does not
significantly contribute to calcium but might affect the bioa-
vailability of minerals in the mixture.

Sausages contained magnesium in the range 21.38-50.06
mg/100g. This report is lower compared to 103mg/100g re-
ported by Benamirouche [86]. Both eggs and wheat flour are
good sources of magnesium. Magnesium is vital for regulating
muscle relaxation (Mansor, 2012), energy production by acti-
vating ATP, and lower the risk of hypertension and cardiovas-
cular diseases (Volpe, 2013).

Potassium content of sausages was within 379.46-
1627.98mg/100g. Eggs are high in potassium, which explains
their influence on the overall potassium content in formula-
tions containing eggs. Chicken meat is rich in potassium jus-
tifying its higher values compared to egusi sausages. Potas-
sium is a major intracellular cation which is important for
maintaining pH and maintaining fluid balance (Mansor, 2012).

Sodium levels of sausages ranged from 289.05-356.90
mg/100g. High sodium levels could result from added salt or
sodium-containing preservatives and binders, which are com-
mon in processed foods for flavor, preservation and binding
(Aaron & Sanders, 2013) this justifies the sodium content of
sausages especially the higher values recorded for samples
containing xanthan gum as binder because xanthan gum on its
own contains sodium. Sodium is essential for maintaining
fluid balance (Mansor, 2012) and is crucial for hydration,
nerve impulse transmission, and muscle contractions. It also
regulates blood pressure; however, excessive intake can lead
to hypertension. (Grillo et al., 2019).

Zinc content can vary greatly depending on the animal or
plant-based ingredients. Results ranged from 11.59-123.4
mg/100g. These reports are lower than that reported by
Ovuchimeru [89]. Wheat flour has some zinc, but animal
products like meat and eggs are richer sources [90]. Zinc is
critical for immune response, DNA synthesis, and cofactor for
numerous enzymes, aiding in infection resistance and wound
healing [91].

Iron content is highly variable based on ingredient compo-
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sition. The low Fe content of chicken sausages can be at-
tributed to the fact that chicken meat is low in myoglobin (a
protein which binds to heme giving it a red coloration) thereby
lower Fe content as hemoglobin molecules are few [92]. These
sausages have other benefits but may not necessarily be good
sources of Iron. Their complementation with rich sources of
Iron can give nutritional boost [93].

4.5. Phytochemical Content

The total phenolic content of the studied sausages ranged
from 3.11-6.521.y GAE/g (311-652 |g GAE/100g). These re-
sults are much lower than those (51-103 mg GAE/100g) ob-
tained by Sam et al. [94] for frankfurter sausages enriched with
carrot paste because carrot is a much richer source of phenolic
compounds. Higher results for samples containing egg and
wheat flour can be explained by the presence of phenolic com-
pounds in egg yolk [94] and wheat flour. Flavonoid and tannin
contents ranged from 0.10-0.51g QE/g and 0.5-3.03 g tannic
acid/g respectively. Results obtained were below that of Madani
et al. [95] who studied the antimicrobial properties of Allium
sativum extracts on fresh chicken sausage and Akullo et al. [96]
who studied the phytochemical profile of ginger and garlic ex-
tracts. Phenolics can be classified as simple phenols with an ar-
omatic ring and at least one hydroxyl group, or as polyphenols.
Polyphenolic compounds have at least two (flavonoids) and
more phenolic parts (tannins) [97].

Saponins possess various biological activities, such as anti-
cancerous, hepatoprotective, and antioxidant activities, and
are involved in the treatment of various diseases, but their
mode of action is not yet fully understood [98]. Saponin con-
tents were low in all sausages as ingredients used in formula-
tion like chicken, and spices, are naturally low in saponins.
These results are in accordance with results of Sharma et al.
[99] who reported a low saponin content for spices like onion
and garlics.

4.6. Microbial Load and Shelf Life Studies
During Continuous and Discontinuous
Storage of Sausages

Higher values of TBC for samples containing egg as binder
can be explained by the presence of microorganism like bac-
teria and fungi in eggs and on egg shell naturally from infected
ovary of hen or due to storage [100]. However Total bacterial
and fungal counts of sausages were within the recommended
range of 3 days of opening and refrigeration but drastically
increased in sausages which were opened and stored for 6-9
days. This can be explained by contamination from airborne
microbes, loss of protective barrier (casing), and temperature
fluctuation due to power outage. All these factors increase nu-
trient availability and microbial proliferation as microorgan-
isms utilize the nutrient-dense sausage for growth. Bacterial
and fungal count gives information on the hygienic nature of
food production, keeping quality of food. Total coliform count

223

followed same trend as bacterial and fungal count.

Organoleptic properties like smell or texture reflect spoil-
age. Egusi sausages showed no difference in organoleptic
properties like smell and texture during the 28 days of storage.
This can be as a result of its low moisture content which makes
it less susceptible to changes by chemical reactions and spoil-
age. During 28-day storage period, the improved taste, flavor,
and texture of chicken sausages may be due to the develop-
ment of volatile compounds with time and the formation of
protein cross-links during storage which contributed to the en-
hancement of flavor and textural properties respectively [101].
Chicken sample made with xanthan as binder which initially
had a softer texture showed an improvement in texture with
28 days storage this may be due to the fact that as the chicken
sample is stored, the xanthan binder can help regulate the mi-
gration of moisture within the product, preventing excessive
softening and maintaining the desired texture" [102]. On day
6 of storage after opening, though sausages still looked good
in appearance and smell, microbial load was already above
limits. An off flavor and color change were recorded on day 9
of storage after opening.

5. Conclusions

This study was carried out to investigate the suitability of
egusi seeds and chicken meat to replace red meat in sausage
by formulating and characterizing sausages from egusi seeds
and chicken, using binders and local spices. The evaluation of
sensory attributes of different sausages revealed that formula
EF1, EF2 and EF6 were the most preferred for egusi sausages
and constituted the best formulae while for chicken sausages,
formulae CF1, CF2 and CF5 were the most preferred making
a total of 6 best sausages. The physical evaluation revealed
that all sausages had lower values for folding test than meat
standard sausages. The egusi sausages showed lower values
for cooking loss, fat separation and shrinkage, unlike the
chicken sausages. Plant-based sausages were rich in fat, pro-
tein, fiber, carbohydrate, energy and vitamin A as chicken and
commercial purchase sausage. The egusi based sausages were
rich in Mg?*, while chicken sausages were rich in Ca®* and K*.
Phytochemical analysis indicated that egusi sausages were
higher in phenolic compounds than chicken sausages. Best be-
fore date of open sausages revealed that microbial load of
open sausages exceeded the safety limit on day 6 and 9 of stor-
age. Therefore the formulated sausages can be kept for about
a week. Shelf life studies of closed sausages (discontinuous
storage) revealed that sausages remained in the safety range
of 105 (for bacteria), 102 (for fungi) and 102 (for coliform)
proposed by CODEX Alimentarius Commission and the Tan-
zanian Bureau of Standards from day 0 to day 28 of storage
under refrigeration (4-8<C). In conclusion, the findings of this
study suggest that the replacement of 100% meat with plant
proteins in sausage formulation is promising. Nevertheless,
further works are required to improve the gel-forming charac-
teristics, which is the major obstacle in manufacturing meat-
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free sausage.
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