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The nutritive, textural, and sensory properties of commercial fresh rabbit sausages and their interactions were evaluated.Themean
contents of moisture, protein, fat, ash, and carbohydrate were 43.89 ± 1.66%, 9.82 ± 2.71%, 22.37 ± 1.7%, 2.99 ± 0.10%, and 20.94 ±
3.05%, respectively. Conversely, the mean values of hardness, adhesiveness, springiness, cohesiveness, gumminess, and chewiness
were 103.36± 3.48N,−4.54± 1.58N s, 3.38± 0.67mm, 0.15± 0.03, 16.07± 3.20N, and 55.73± 20.44Nmm, respectively.Themoisture
and protein contents showed significant negative correlation while three remaining nutritive properties showed significant positive
correlation with textural properties (𝑃 < 0.05 for all parameters). The score for nonparametric ranking of sensory properties
like appearance/colour, flavour, juiciness, and tenderness ranged from 28.28 to 38.78, 29.41 to 35.91, 30.06 to 37.38, 26.75 to 40.69,
and 29.03 to 36.75, respectively. In conclusion, rabbit sausages formulated with low quantities of moisture and protein result in
hard sausages with low acceptability by sensory panellist. To improve the sausages, it is recommended that processors develop an
optimal formulation.

1. Introduction

The exponential growth of human population in developing
nations has stimulated the demand for meat. In 2006, it was
estimated that there would be a deficit of red meat from
cattle, camel, and sheep by 2016 [1]. This corresponds with
global projections whereby, by 2020, meat consumption by
developing nations is expected to expand from 52% currently
to 63% of total meat consumption worldwide [2]. Owing to
their rapid reproduction, rabbits have the potential to offer
the much-needed alternative source of proteins and meet the
anticipated deficits. Domesticated rabbits can therefore be
used as an alternative source of dietary protein these nations
[3].

Despite of the potential, only a few meat processors
have focused on introducing processed rabbit meat products
for the consumers [4]. The processed rabbit meat products
(e.g., meat patties and sausages) available currently are made
from coarsely ground meat [5]. Traditional coarse-ground
sausages manufactured from rabbit meat have not gained

much interest in marketplace [5]. As a result, the demand
for the meat continues to be low [6]. Value addition to the
rabbit meat products not only provides the much-needed
nutritional components, but can increase consumer con-
venience through decreasing preparation time, minimising
preparation steps, and eliminating risks from the kitchen
[7, 8]. Some of the risks include introduction of bones to food
during preparation because rabbit bones tend to produce
bone fragments more easily if compared with pork, beef, and
poultry [5].

Introduction and success of novel rabbit meat products
bring new challenges for meat processors because of more
dynamic, complex, and differentiated demands of modern
consumer along with emphasis on quality foods that are rich
in sensory and organoleptic properties and also convenient
[9, 10]. Flavour and colour changes are important organolep-
tic factors for the success of processed meat products [7].
The effect of processing meat products from other species
on some of the above-mentioned properties has been inves-
tigated in detail [11–14]. However, despite the understanding
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of the influence of rabbit meat processing on some of these
properties, there is a paucity of studies that have investigated
this topic in detail [4, 5].

In novel meat product processing, optimum utilisation of
several protein sources of animal origin require information
on their relevant functional properties. This serves several
purposes. Firstly, it provides greater flexibility in choice of
rawmaterial. Secondly, it facilitates modernmeat processing.
Finally, it supports designing of mathematical model-based
formulations. All these ensure optimum function, flavour,
and nutritional balance. Therefore, the present study was
aimed at understanding the interactions of nutritional, tex-
tural, and sensory properties in rabbit sausages for optimum
utilisation of rabbit meat in novel meat products.

2. Materials and Methods

2.1. Sample Collection. The fresh rabbit sausage samples were
collected twice a week in two alternative weeks from a rabbit
meat products retail outlet in Kiambu County, Kenya. The
sausages were obtained from the sole producer in the region.
On each day, four packets containing eight sausages each
were purchased. To ensure uniformity of samples, samples
from the same day had similar batch numbers. However,
samples from different days were from different batches.
Therefore, samples differed from each other depending on
the day sampled. Samples were immediately transported to
the analytical laboratory by placing them in an ice-box and
stored at 4∘C until further analysis. From each sampling day,
two sausages from each packet were randomly selected and
were analysed for nutritional, textural, or sensory properties.

2.2. Sample Description. The information on the ingredients
used to process the sausages was obtained directly from the
processor. These included rabbit meat (55–60%), water (7–
10%), vegetable oil (15–20%), rusk (2–7%), cornstarch (5%),
salt (2–5%), and permitted food colour and preservatives
(1%). The length and diameter of the raw sausages were
approximately 10 cm long and 2.5 cm, respectively.

2.3. Nutritional Property Analysis. The sausages temperature
was allowed to equilibrate at room temperature (23∘C) for 4 h
and subsequently they were heated in boiling water for 5min
[15]. The nutritional properties and moisture, protein, fat,
ash, and carbohydrate contents of sausages were determined
according to the AOAC official methods [16].

2.4. Texture Profile Analysis. The sausages were prepared
for analysis by boiling as mentioned above [15]. Textural
properties were evaluated using the TA.XT Plus Texture
Analyser (StableMicro Systems, UK) as described [17].Three
central cores of 1 cm height and 2.5 cm diameter of each
sausage were selected for analysis.The cores were compressed
to 50% of their original height for two times using a 75mm
compression platen and 50 kgf load cell. The compression
parameters included a constant speed of 3.0mm/s, test speed
of 1.0mm/s, posttest speed of 3.0mm/s, and prefixed strain
of 75%. These tests were hardness (maximum force required
to compress the sample), springiness (ability of the sample

to recover its original form after the deforming force was
removed), cohesiveness (extent to which the sample could
be deformed prior to rupture), chewiness (work necessary
to masticate the sample for swallowing), adhesiveness (the
work necessary to overcome the attractive forces between the
surface of a food and surface of othermaterialswhich it comes
in contact with), and gumminess (the energy required to
disintegrate a semisolid food to a state ready for swallowing)
[18]. To improve the ease of core preparation, the analysis was
performed at a uniform temperature of 20-21∘C [19].

2.5. Sensory Analysis. The sensory analysis was conducted by
eight untrained assessors in the sensory evaluation labora-
tory. The critical point of appraisal of meat quality occurs
when the product is consumed and it is this outcome that
determines the decision to repurchase [20, 21]. The sausages
were therefore prepared in a way that simulates sausage
preparation by the consumer. Sausages, deep-fried in refined
vegetable cooking oil (150∘C) for 5min [22] and cooled for
15min, were cut into 1 cm cubes and served to each assessor.
Five sensory attributes, appearance/colour, flavour, juiciness,
tenderness, and overall acceptability, were evaluated. The
interpretation of attributes was discussed among assessors
prior to the taste sessions. Each attribute was scored using
five-point hedonic scale ranging from 1 (disliked extremely)
to 5 (liked extremely).

2.6. Statistical Analysis. The data were analysed using SPSS
statistics package version 23 [23]. Means and standard devia-
tions of nutritional and textural properties were computed for
all samples and compared using one-way analysis of variance
(ANOVA). Significantmeans (𝑃 ≤ 0.05) were separated using
Duncan’s mean separation technique. Pearson’s correlation
test (𝑃 ≤ 0.05) was used to determine relationship between
nutritive and textural properties. The sensory properties
were analysed using nonparametric Kruskal-Wallis one-way
ANOVA (𝑃 ≤ 0.05). The stepwise-stepdown procedure was
used to separate statistically significant categories (Kruskal-
Wallis, 𝑃 ≤ 0.05). Since the data obtained with five-point
hedonic scale were not normally distributed, the ranking test
was used to analyse it as recommended [24].

3. Results

3.1. Nutritional Properties. The nutritive content of sausages
is shown in Table 1.Themean percentage moisture content of
the sausages was found to be 43.89± 1.66%, whereas themean
percentage protein, fat, ash, and carbohydrate contents were
9.82 ± 2.71%, 22.37 ± 1.7%, 2.99 ± 0.10%, and 20.94 ± 3.05%,
respectively.Themoisture, protein, fat, and ash content of the
sausages differed statically with sampling day (𝑃 < 0.05) but
carbohydrate content was statistically similar (𝑃 > 0.05).

3.2. Textural Properties. The data pertaining to textural
properties of sausages are presented in Table 2. The mean
values for hardness, adhesiveness, springiness, cohesiveness,
and chewiness were 103.36 ± 3.48N, −4.54 ± 1.58N s, 3.38 ±
0.67mm, 0.15 ± 0.03, 16.07 ± 3.20N, and 55.73± 20.44Nmm,
respectively. Hardness and springiness were highest in Day 3
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Table 1: Percentage of proximate composition of rabbit sausages.

Sampling day Moisture Protein Fat Ash CHO†

Day 1 45.37 ± 0.86b 12.06 ± 1.35b 20.45 ± 1.15a 2.89 ± 0.07a 18.97 ± 1.36a

Day 2 44.91 ± 1.08ab 11.47 ± 1.38b 21.44 ± 1.02a 2.97 ± 0.06ab 19.16 ± 2.17a

Day 3 42.04 ± 1.12a 6.96 ± 1.73a 24.44 ± 0.59b 3.1 ± 0.07b 23.62 ± 2.21a

Day 4 43.25 ± 0.89ab 8.7 ± 2.39ab 23.05 ± 0.97ab 2.92 ± 0.02a 21.99 ± 3.22a

Mean ± SD, 𝑛 = 3.
Values with different superscript letters within a column were statistically different (𝑃 < 0.05) according to Duncan test.
†Carbohydrate.

Table 2: Textural properties of commercial rabbit sausages.

Sampling day Hardness (N) Adhesiveness (N s) Springiness (mm) Cohesiveness (ratio) Gumminess (N) Chewiness (Nmm)
Day 1 98.42 ± 0.87a −4.17 ± 0.05c 3.23 ± 0.12b 0.13 ± 0.02a 12.55 ± 1.39a 40.59 ± 4.24a

Day 2 102.61 ± 0.84b −2.13 ± 0.12d 2.50 ± 0.08a 0.13 ± 0.01a 13.72 ± 0.53a 34.30 ± 2.46a

Day 3 107.70 ± 0.59c −6.17 ± 0.05a 4.37 ± 0.05c 0.18 ± 0.01b 19.55 ± 0.65b 85.38 ± 2.90c

Day 4 104.72 ± 0.95b −5.70 ± 0.08b 3.40 ± 0.08b 0.18 ± 0.01b 18.45 ± 1.56b 62.75 ± 4.78b

Mean ± SD, 𝑛 = 3.
Values with different superscript letters within a column were statistically different (𝑃 < 0.05) according to Duncan test.

while adhesiveness was highest in Day 2 (𝑃 < 0.05).
Cohesiveness, gumminess, and chewiness were highest in
Days 3 and 4 (𝑃 < 0.05).

All TPA parameters except adhesiveness showed signifi-
cant positive correlation with fat and carbohydrate contents
(𝑃 < 0.05, resp.) and negative correlation with moisture
and protein contents (𝑃 < 0.05, resp.). The ash content was
positively correlated with hardness (𝑃 < 0.05). Moisture had
highest while ash had the least correlation coefficients. The
correlation coefficients and significance value (𝑃 = 0.05) of
the nutritional and textual properties are shown in Table 3.

3.3. Sensory Properties. The sensory properties of the
sausages are shown in Table 4. The mean ranking score
for juiciness varied from 30.06 to 37.38, tenderness from
26.75 to 40.69, flavour from 29.41 to 35.91, appearance/colour
from 28.28 to 38.78, and overall acceptability from 29.03 to
36.75. Of the total sensory parameters, only tenderness varied
between samples collected at different time points (𝑃 < 0.05).

4. Discussion

Up to now, the interaction among properties of rabbit
sausages had not been investigated. Rabbit meat processors
therefore had to extrapolate these interactions in sausages
or other processed meat products from other species, for
example, poultry [5], despite the fact that meat differs from
species to species to some extent. Therefore, technological
and eating quality of resulting products from different meats
is bound to differ. For that reason, rabbit meat processors
may face a challenge of meeting the consumers’ increasing
demand of consistent eating quality. To provide the proces-
sors with empirical data the interaction of nutritive, textural,
and sensory properties in rabbit sausages was studied.

The addition of water to meat products influences its tex-
tural and organoleptic properties [25]. The sausages samples
evaluated presently had considerably lower moisture content

than the approximate 63% reported in frankfurter sausages
[25]. In this study, the highest correlation coefficient was
observed for hardness (Table 3). Since hardness determines
the commercial value of meat, decreased moisture content in
rabbit sausagemight reduce its acceptance [15].This can affect
future consumption of rabbit sausages.

The mean protein content in the rabbit sausages (Table 1)
was lower than 14% normally observed in frankfurter
sausages [25].The low protein andmoisture contents indicate
fewer bound water molecules after cooking.This may explain
similar effects of protein and moisture on TPA parameters
observed in Table 3. Springiness (elasticity) and cohesiveness
in meat products is attributed to gel formation of muscle
proteins especially actin and myosin [12, 26, 27]. Thus, a
positive correlation between protein content and the two
parameters, springiness and cohesiveness, is expected. How-
ever, protein and moisture contents in the rabbit sausages
were low and hence fewer water molecules available to form
gel may explain absence of any correlations.

Fat is the most important nonmeat ingredient added to
sausages. In frankfurter type sausages, themean fat content is
reported to be more than 20% [25, 28]. The addition of extra
high fat to frankfurter type sausages reduces or substitutes
moisture and protein [29]. This explains the contrasting
effects of high fat on the sausages’ characteristics observed
in this study compared with protein and moisture (Table 3).
Nonetheless, the correlation coefficients between fat content
and textural properties were lower than that of protein or
moisture. This is in line with earlier observation that protein
has a greater influence on texture than fat [30]. Nevertheless,
the inverse relationship between fat and adhesiveness and
direct relationship between fat and cohesiveness suggest the
role of fat in improving water holding capacity (WHC) and
texture of rabbit sausages, respectively. WHC is the fraction
of the total water that is located between the filaments in
myofibrils [31].
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Table 3: Correlation coefficients and significance test (𝑃 = 0.05) of texture profile analysis parameters applied and nutritional properties of
commercial rabbit sausages.

Nutritional properties Textural properties
Hardness (N) Adhesiveness (N s) Springiness (mm) Cohesiveness (ratio) Gumminess (N) Chewiness (Nmm)

Moisture −0.83∗∗∗ 0.69∗∗ −0.83∗∗∗ −0.63∗∗ −0.71∗∗ −0.73∗∗

Protein −0.82∗∗∗ 0.70∗∗ −0.77∗∗ −0.57∗∗ −0.66∗∗ −0.67∗∗

Fat 0.75∗∗ −0.64∗∗ 0.74∗∗ 0.52∗∗ 0.55∗∗ 0.66∗∗

Ash 0.47∗∗ −0.18∗ 0.12∗ 0.26∗ 0.34∗ 0.25∗

CHO† 0.64∗∗ −0.58∗∗ 0.73∗∗ 0.44∗∗ 0.54∗∗ 0.58∗∗
∗∗∗

𝑃 < 0.001.
∗∗

𝑃 < 0.05.
∗

𝑃 > 0.05.
†Carbohydrate.

Table 4: The mean ranks and statistical significance (𝑃 = 0.05) of each of the sensory properties of commercial rabbit sausages from four
sampling days given by Kruskal-Wallis𝐻 test.

Sampling day Juiciness Tenderness Flavour Appearance/colour Overall acceptability
Day 1 30.25 40.69b 29.41 30.19 30.56
Day 2 30.06 35.81ab 30.88 28.28 29.03
Day 3 32.31 26.75a 35.91 32.75 33.66
Day 4 37.38 26.75ab 33.81 38.78 36.75
Sig. (𝑃 = 0.05) 0.59 0.04 0.70 0.34 0.57
Mean ranks, 𝑛 = 8.
Values with different superscript letters within a column were statistically different (𝑃 < 0.05) according to stepwise-stepdown procedure of Kruskal-Wallis𝐻
test.

The ash content of rabbit meat varies from 1.23% to 1.36%
and that of corn starch from 0.70% to 0.78% with manufac-
ture [32, 33]. The ash and starch contents in the rabbit
sausages do not fully account for the ash content in rabbit
sausages. The addition of other ingredients, salt (sodium
chloride), during processing increases ash content of a prod-
uct and influences textural properties of food [17, 34]. In rab-
bit sausages, only hardnesswas significantly influenced by ash
content (Table 3).TheWHC of cooked sausages was reported
to be in linear relationshipwith salt (NaCl)when 2.0% to 2.5%
of NaCl was used [35]. The maximum level of ash content
(which is approximately 2.14% when considering maximum
values of ash content in rabbit meat (1.36%) and corn starch
(0.78%) [32, 33]) in the rabbit sausages, contributed by rabbit
meat and corn starch, could have resulted in the low salt
content in the sausages, thereby affecting WHC.

During cooking, high temperature induces structural and
chemical changes in carbohydratesmakingmeatmore tender
[25]. However, sausages evaluated through this study were
harder though carbohydrate content was higher (Table 3).
Starch binds water by physical entrapment and also forms
complex with meat proteins (meat products containing both
starch and protein) and after heating forms gel of greater
strength and more stable emulsion than those with only
proteins [25, 36].Therefore, water is an important component
required for gel formation. Lowmoisture content in sausages
studied presently indicates that less water was available to
interact with the starch thereby affecting the gel forming pro-
cess. This perhaps might have accelerated the retrogradation
of starch and made sausages harder.

The consumer acceptance of quality elements such as
tenderness, juiciness, and flavour of meat is the major deter-
minant of meat quality [37]. The organoleptic parameter,
juiciness, is dependent on the amount of moisture released
from the meat and the degree of salivation induced during
mastication [38]. The water content makes products juicy
and makes it easily chewable [25]. The negative effect of low
moisture content on the quality of rabbit sausages was evident
from the low scores of juiciness and tenderness (Table 4).
Sausages from Days 1 and 2 had the least moisture content
and at the same time had least mean ranks of both juiciness
and tenderness.

Flavour in meat products is a function of the interaction
of the fats, proteins, and salt present and their proportions in
the meat product. Therefore, the low flavour scores of rabbit
sausages observed heremay be due to the effect of low protein
and salt contents (Table 4). The Maillard reaction between
amino acids and reducing sugars and thermal degradation of
lipids are responsible for flavour of red meats [39]. On the
other hand, salt acts as a flavour enhancer and increases
characteristic flavour of meat products [40]. The low flavour
scores were observed despite the fact that high fat content
usually improves sensory attributes [41]. The higher correla-
tion coefficients of protein and moisture than fat observed in
Table 3 may have resulted in the low scores.

Lightness or appearance, a colour parameter, is a main
attribute that correlates well with consumer acceptance [15,
42]. Frankfurters become lighter and less reddish in colour
as fat level increases [30]. High fat content without a corre-
sponding increase in protein content might have made the
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sausages lighter and without the characteristic red hue of
meat that is expected in sausages. This may have contributed
to a low appeal among the consumers.

5. Conclusion

Moisture, protein, fat, and carbohydrate contents significantly
influenced textural properties of rabbit sausages. However,
moisture and protein contents had the largest correlation
coefficients. Low contents of these two ingredients resulted
in hard sausages with low sensory panellist acceptance. To
improve rabbit sausages, it is recommended that processors
develop an optimal rabbit sausage formulation. This would
include addition of more water and rabbit meat and less of
corn starch and rusk. The amount of ingredients in their
formulation is fundamental to realizing such a formulation.
The processors should aim at achieving high sensory scores
for tenderness, juiciness, and flavour, which were observed to
influence panellists’ acceptance of rabbit sausages the most.
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