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ABSTRACT

The development of meat industry and meat processing has shifted from marketing of live animals
and adopt value added chain in meat products. This study accessed different proportion of beef and
chicken breast in sausage production. Twenty kilograms of Pectoralis major and Adductor muscle
mixture using five mixing ratio between breast meat and beef. Physicochemical, microbiological and
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sensory properties were analyzed in this study. The analyses were carried out using SAS software
while the means were separated with LSD at 5%. The influence of meat mixture on sausage was
significant (P<0.05) among the treatment: proximate composition indicated that treatment | (70 %
chicken breast) had the highest percentage of crude protein (31.77+0.65 %) compared to the lowest
percentages in treatment V (70% Beef) (27.57£0.55%); pH values were within the range of 6.16t
0.59 (Ill) to 6.55+ 0.21 (V) (P<0.05). Total Aerobic Counts for raw sausages was highest in
treatment V (4.63% 0.39 cfu/g) while the lowest value was recorded in | (1.38+ 0.08 cfu/g). This
study confirmed that pectoralis major can be successfully used in the production of sausage with
preference to the consumer acceptability and would also enhance cooking yield and nutritional

values.

Keywords: Pectoralis; Adductor; Aerobic; chicken; sausage, microbiological aspects.

1. INTRODUCTION

“Sausage production is a simple process of
allowing meat to undergo series of controlled
structural and chemical changes. These are
basic to all cultures but the changes rely on
varied methods of preparation to achieve desired
distinctive characteristics. The increasing trend in
consumption of sausages in Africa is just a
reflection of a global consumer interest in
processed meat products. Technologies in the
animal industry is meat product value addition
and meat processing, the focus of the poultry
industry has shifted from marketing live birds as
commodity to value added products to facilitate
trade in poultry products. In terms of economic
conditions, chicken meat is preferred more than
beef and because the price of the chicken meat
is relatively cheaper” [1,2,3]. “The potential of
beef and chicken meat in value addition
technologies has not been explored. Suitable
meat ingredients are vital to produce blends and
mixture of meat and fat particles, resulting in
sausages that are consistent in quality. Most
processed meat is prepared from beef and pork
or a combination of both. Chicken meat is
considered a highly nutritious food because it
contains relatively high protein and low fat
percentages” [4]. “The popularity of poultry meat
among consumers is due to the healthy image of
poultry meat, sensory properties such as
desirable texture and colour, and the mild flavour
profile allowing consumers to impart desired
flavours to the meat” [5].

“It is becoming more acceptable to purchase
alternative sources of red meat, as opposed to
meat of only the traditional species of red meat
producing animals. The type and the amount of
meat in formulations of meat products are the
most important factors for product quality” [6].
“Beef is used extensively in meat products;
however, the scientific properties of white meat
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have generated interest among processors.
Different sources of meat have different protein
characteristics and different physicochemical
properties. Moisture, crude protein, crude fat,
and ash ratio constitute the chemical composition
of meat. It is varied according to the species of
animal and muscle structure of the animal’,
(Ketoon et al. 2014). “In studies based on red
meat consumption levels, the most consumed
red meat is beef mutton and chevon” (Kaygisiz et
al. 2022). “The crude protein (20.67%) value
reported for beef was lower than the protein
(27.60%) reported value for chicken” [7]. “As the
highest protein content in chicken, it could be
preferred for making different kinds of meat
products and by-products consumed by the
majority of people” [7]. “Industrialization of food
processing increases the apparent consumer
interest in the quality of meat products with
emphasize on microbial, nutritional and sensory
attributes are important consideration
determining acceptability and choice of a product
to potential consumers” [8]. “Broiler is a fast
growing breed of poultry and has a different
physiology than other poultry” [9]. “The proximate
and physical properties of muscle tissue and the
associated connective tissue are very important
when considering the usefulness of meat as
food” [10]. Hence, it is important to evaluate the
effects of the incorporation of different ratios of
beef and chicken meat on the physicochemical,
proximate composition, microbiological
properties and sensory evaluation of the
breakfast sausage.

2. MATERIALS AND METHODS

2.1 Preparation of Broiler Breast Meat
and Beef

Two hundred broilers were raised for six weeks
to harvest the breast muscles for sausage
production. The materials used in this study were
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broilers and within the age of 40-50 days,
average weight of 2.25kg. These birds were
reared under intensive system at the Teaching
and Research Farm, University of Ibadan,
Ibadan. They were slaughtered and dressed
conventionally at the slaughter house of the
Department of Animal Science, University of
Ibadan. Ten kilograms of Beef (Adductor muscle)
of 3-4 years aged cattle obtained from the
slaughter house of The Department of Animal
Science while Lard fat and small intestine of
sheep and other ingredients such as soy bean
flour, refined salt, sugar, ice water, ginger, onion,
garlic powder and dry spices STPP (Sodium Tri
Polyphosphate) were procured on weight basis
at Bodija market. Ten kilograms of Pectoralis
major and ten kilograms of Adductor muscles)
obtained were cleaned, trimmed of visible fats,
connective tissues and wrapped separately in a
polyethylene bag before placed in a cold room
(4°C) for 24 hour at meat laboratory for further
study.

2.2 Preparation of Sausage

The lean meat (Adductor and Pectoralis major
muscles) and fat were separately ground in the
chopper (TC, 12E, SIRMAM, Venezia, Italy) with
4mm diameter sieve at a low speed setting to
obtain a homogenous mass. The formulation for
each treatment was according to those
ingredients in Table 1. The ground meat and fat
was transferred to a bowl cutter and chopped in
a food processor (BZBJ-15, Expro Stainless
Steel Mechanical and Engineering Company
Hangzhou, China) for two minutes with a half
quantity of ice and 2% of salt. Then, lard, and
other ingredients were added together with the
reminder ice and the batter was chopped at high
speed for three minutes. The sausage links were
twisted and tied manually and kept at 4°C for
thirty minutes. Three batches of each formulation
were performed and the batter temperature did
not exceed 12°C. Immediately after chopping,
the batter formulated was stuffed into natural
casing (sheep intestine). Stuffed samples were
hand linked and heated in food processor
(Fessmann, GmbH wund Co KG, 71364
Winneden) to an internal temperature of 72°C.
Approximately 150-200 g of raw batter samples
from each treatment was vacuum-packaged and
stored in cooler at 4°C for further analysis.

2.3 Proximate Analysis and Nutrient

Retention

The pH of cooked the sausage was determined
using a digital probe pH meter (Hanna, Italy) [11].
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Moisture, ether extract, ash and protein content
of raw and cooked samples were analyzed
according to procedure described by AOAC,
2000 methods [11]. Development of oxidative
rancidity was determined by using the 2-
thiobarbituric acid (TBA) test according to the
procedure of Tarladgis et al. [12] as modified by
Rhee [13]. Results were expressed as milligrams
of malonaldehyde per kilogram of sample. Three
samples per each batch were performed in
triplicate. The results from the laboratory were
used to calculate cooking yields and true nutrient
retention values. The nutrient retention value (%)
for each nutrient in the sausages was calculated
according to Murphy et al. [14] using the
following formula:

Equation 1

Nutrient Content of Cooked Product) x (Weight of Product
after Cooking)

Nutrient Content in Raw Product) x (Weight  of
Product before Cooking)

Equation 2 & Equation 3

Nutrient Content of Cooked Product) x (Weight of
Product after Cooking)

]
]

TR(%)=

X100
Nutrient Contentin Raw Product) x (Weight of
Product before Cooking)

YF=
[ Weight of Cooked Meat ]

(Weight of Raw Meat)

Yield factor (YF) for this study was calculated as
described Vasquez-Caicedo et al. 2017 and
Bognar, 2017.

2.4 Determination of Cooking Properties

The following parameters were performed in all
the raw and cooked samples: cooking yield,
cooking loss, shear force, and dimensional
shrinkage. All cooking measurements were
performed in three replicates of each treatment
as reported by Naveena et al. [15].

2.5 Cooking Loss

Cooking loss was determined as described by
Honikel [16]. Raw sausages were weighed and
placed into a sealed polyethylene bags before
heating in water bath at 80°C. Samples were
cooked until define internal temperature 75°C.
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Table 1. Sausage formulation with different ratios of chicken and beef meat Percentage
proportion of Ingredient composition

Ingredient (g)

Proportional Ratio of Chicken and Beef

| (100/0) Il (75/25) I (50/50) IV (25/75) V (100/0)

Chicken 70.00 52.50 35.00 17.50 0.00
Beef 0.00 17.50 35.00 52.50 70.00
Fat (Lard) 15.00 15.00 15.00 15.00 15.00
Soya Bean Flour 4.00 4.00 4.00 4.00 4.00
Refined salt 2.00 2.00 2.00 2.00 2.00
Sugar 1.00 1.00 1.00 1.00 1.00
NaNos 0.01 0.01 0.01 0.01 0.01
STPP 0.30 0.30 0.30 0.30 0.30
Ice water 3.00 3.00 3.00 3.00 3.00
Dry Spices 2.00 2.00 2.00 2.00 2.00
Onion 1.31 1.31 1.31 1.31 1.31
Garlic 0.69 0.69 0.69 0.69 0.69
Ginger 0.69 0.69 0.69 0.69 0.69
Total 100.00 100.00 100.00 100.00 100.00

NaNos: Sodium Nitrate; STPP: Sodium tripolyphosphate

The cooked sausages were cooled at room
temperature; reweighed and cooking loss was
reported as a percentage and calculated as
follows:

Cooking loss % = [{Raw weight - Cooked
weight}/{Raw weight}] x100 Eq. 4

Product yield (%): = [{Weight of cooked
sausage samples}/{Weight of raw sausage
samples}] x100 Eq.5

Dimensional shrinkage % (DS%) was calculated
using the following equation as reported by
Murphy et al. [17]

D S%= {Raw sausage- Cooked sausage
(diameter)} {Raw sausage diameter} x 100
Eq. 6
2.6 Microbiological Analysis

The microbiological assessment of the sausage
was carried out using three parameters: Total
Aerobic Counts (TAC), Total Coliform Counts
(TCC) and Total Fungal Counts (TFC). The TAC
of the sausage samples from the two heat
sources were determined following aseptic
technique procedure and following the method
described by (Gandi, 2014). Samples from each
product (15g) were taken aseptically and
homogenized in 0.1% (w/v) peptone solution for
one minute. The homogenate was serially diluted
and used for microorganism enumeration and
nutrient agar was used for total bacteria counts
after 48 hours incubation at 37°C. The population
of bacteria was expressed as log CFUg-1.253.
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For TCC, the spread plate technique was used.
One milliliter aliqguot of each of the diluted
samples was plated out on sterile MacConkey
agar (MA). Incubation was at room temperature
for 48 hours in an inverted position. Discrete
colonies of coliform bacteria developed were
counted and recorded.

“The media (Nutrient agar, Potato Dextrose Agar
and MacConkey agar) for fungi were prepared
according to the manufacturers’ instruction. The
associated fungi were isolated using a standard
pour plate technique. Ten grams of the dried
meat products were homogenized in sterile
distilled water. One milliliter of the homogenate
was decimally diluted, and 1 ml of selected
dilution (10) was plated in duplicate on a sterile
Sabouraud Dextrose agar containing 1%
streptomycin. Inoculated plates were incubated
at 28 + 2°C for 5-7 days. Discrete colonies were
isolated in pure culture by sub-culturing the cells”
[18].

2.7 Sensory Evaluation

Sensory evaluation was conducted on freshly
prepared sausage (day 0) as described by A. M.
S. A. [19]. A total of twenty panellists with age
ranging between 22 and 40 years were trained
according to the British Standard Institution (7)
guidelines to evaluate the product. The panellist
evaluated the products for colour, juiciness,
flavour, tenderness, pungency and overall
acceptability on a nine-point hedonic scale (1 for
extremely dislike and 9 extremely like). The
sausages were sliced to approximately 1.5cm
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and wrapped in kitchen foil, blind coded with 3-
digit random number and oven warmed at 180°C
for 5 minutes before serving. The panellists were
seated in individual cubicles in a temperature
and light-controlled room, receiving a set of five
samples served in a complete randomised order.
The samples were served on a plate covered
with a lid. Cracker biscuit and distilled water were
used to cleanse the palate between samplings.

2.8 Statistical Analysis

Data collected were analyzed using statistical
analysis system [20]. One-way analysis of
variance (ANOVA) was used and LSD was used
for comparison of mean values to identify
significant differences at P<0.05.

3. RESULTS AND DISCUSSION

3.1 Cooking Properties

The effect of mixing ratio between chicken breast
and beef on pH value and physicochemical
parameters of breakfast sausages are shown in
Table 2. The pH values of samples from
treatments | and Il were 6.42+0.14 and
6.00+0.05, respectively. The pH value increased
after cooking in all the treatments (P<0.05). The
pH values of meat products are greatly
associated with water retention and textural
properties of the final product [21]; thus, our
result is expected to cause an improvement in
the properties of meat homogenates with added
chicken breast due to the alkali value of chicken
breast meat. The lowest cooking loss was found
in sausage from treatment | (24.69+1.86)
followed by Il (27.45+1.32) and Il (29.45+1.24).
No significant difference was observed for
cooking loss among samples from treatments 1V
(31.05+1.32%) and V (31.95+0.84%) but showed
highest cooking loss among the treatments. An
increase in chicken breast added in meat
homogenates reduced cooking loss. The cooking
losses decreased with the increasing level of
breast muscle and reached a decrease of
31.05% at a proportion of 25%, even though
there was no significant difference between
concentrations of 0% and 25%. A decrease in
cooking losses at higher levels of breast muscle
gave a positive result that the concentration level
decreased cooking losses which would have
implications for the increase in yield of meat and
processed meat products. At the same time,
meat that does not lose its water depending on
the cooking methods and is able to keep its
content is evaluated quality meat [22,23].
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This was in line with water holding capacity
(WHC) which tended to increase with increasing
proportion of breast meat. Therefore, the
sausage prepared with only chicken breast
showed the lowest cooking loss among all
treatments (P<0.05). Leygonie et al. [24]
reported that cooking loss is influenced by the
changes in muscle cellular and extracellular
components of the meat used during the
processing. The product yield of sausage from
treatment | (75.32+1.86) displayed highest
product yield while the lowest was recorded in
treatment V (68.05+0.84). The product vyield
decreases as the proportion of the breast muscle
decreased across the treatments. Yield values
are related to the changes in protein structure
during the cooking process. The effects of
chicken meat and beef on the diameter reduction
values were found to be lowest in treatment |
(13.34+£0.58%) and highest in treatments IV
(15.48+0.28%) and V (15.71+0.21%), which may
be attributable to higher water-holding capacity
[25]. During heating, shrinkage of fibres,
aggregation, and gelling of myofibrillar and
sarcoplasmic proteins, and shrinkage and
solubilization of connective tissue caused loss of
connections between muscle fibres [21,26]. The
oxidation of lipids in meat products is a key
problem that reduces shelf life of meat products.
The TBARS values of cooked sausages were
also significantly affected by the proportion of
breast meat to beef. Cooked sausage samples
from treatment | (0.01+0.01) had significantly
lowest TBARS values than sausages from
treatments Il (0.02+ 0.02), Il (0.02+ 0.01), IV
(0.04+ 0.01) and V (0.04+0.01). Lipid oxidation
leads to a decrease in shelf life, loss of nutrient
value, and formation of toxic compounds in meat
products [27]. Lipid deterioration could be related
to oxidation of fat tissues, shelf life and flavour
[11,28,29], considering that in the present study
sausage samples consists of meat from different
species of animals. The increasing amounts of
chicken meat in the mixtures increased TBARS
values. The normal resistance of meat to the
development of rancidity depends on the balance
between the presence of antioxidants in the
animal tissues and the level of unsaturation and
the concentration of the fatty acids present [30].
Poultry meat is composed of relatively high levels
of unsaturated fatty acids thus poultry products
are very susceptible to the development of off-
flavours due to oxidative rancidity [31]. The
pattern of TBARS appears to be consistent with
other studies [32], which reported that beef was
the most susceptible to lipid peroxidation among
meats. Rymer et al. [33] suggested that the
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difference in heme pigment content, which is
associated with catalase activity, could be
responsible for the varying oxidative stability of
meats from different animal species.

3.2 Proximate Composition

Proximate composition of the experimental
sausages is presented in Table 3. Moisture
contents of raw sausage samples ranged from
69.204£0.99% (I) to 73.39+ 0.13% (V), with
significant (P<0.05) differences between the
samples. Raw sausage samples from treatment
IV had moisture content of 73.09+£0.43% and was
not significantly different (P>0.05) from treatment
V (73.39+ 0.13%) sausage samples. Cooked
sausages in treatments Il (62.58+0.23), IV
(62.54+0.2763) and V (62.41+ 0.43) had higher
moisture content than the samples in treatments
| (60.86+0.63) and IV (61.89+0.43). It was found
that samples in treatment V have the greatest
capacity to retain water, while samples in
treatment | having the least. The retention of
water during further processing of meat is
necessary to obtain a product that is juicy and

breast muscle has low subcutaneous fat.
Moisture content has been considered an
important property of sausage, particularly as it
relates to sensory characteristics and final weight
which is directly associated with commercial
value to manufacturers (Ahmad et al. 2010.
Crude protein was significantly (P<0.05) higher in
raw samples in treatments Il (22.35+0.13) and I
(22.02+0.44) compared to | (21.09+0.93) IV
(21.57+0.05) and V (21.59+ 0.01). Crude protein
and ether extract in cooked sausages decreased
significantly (P<0.05) as the inclusion of beef
increased in the formulation; this might be due to
higher moisture content. The results of the ash
content indicated that the ash increased has the
incorporation of breast muscle decreased across
the treatments. Ash content in cooked sausages
from treatments IV (5.49+ 0.16) and V (5.40+
0.29) was significantly (P<0.05) higher than |
(4.46£0.33), Il (4.78+0.01) and Il (5.09+0.19),
respectively. These differences are related to the
different proportion of meat and connective
tissues in meat, beef has higher intramuscular
fat and connective tissues than chicken meat
[34].

Table 2. pH and Physicochemical properties of breakfast prepared from different proportion of
Chicken and Beef

Treatments | Il 11 [\ \Y/

Variable | (100%) 11 (75%) I (50%) IV (25%) V (0%)

Ph 6.42+ 0.1373>  6.49+ 0.052 6.16+ 0.59b 6.28+0.2283 6.55+ 0.212
Cooking Yield 75.32 £1.862 72.55+ 1.32b 70.55+1.24¢ 68.95+1.32¢  68.05+0.844
Cooking Loss 24.69 + 1.86¢ 27.45+ 1.32¢ 29.45+1.24% 31.05+1.322  31.95+ 0.842
Dimensional 13.34+ 0.58¢ 14.44+ 0.45P 14.73+0.08> 15.48+0.282  15.71+0.212
Shrinkage

Thars 0.01+ 0.01¢ 0.02+ 0.02bc 0.02+ 0.01b 0.04+ 0.012 0.04+0.012

abcd: Means on the same row with different superscripts are statistically significant (P< 0.05); TBARS: Thio-
Barbituric-Acid—Reactive Substances

Table 3. Proximate composition of sausage prepared from different proportion of Chicken and

Beef
Treatment Proportion of chicken and beef meat
Variable Sample |(100%) Il (75%) Il (50%) IV (25%) V (0%)
Moisture Raw 69.20+0.99¢ 70.44+0.07¢ 71.61+0.95° 73.09+0.432 73.39+0.132
Content
Cooked 62.54+0.272 62.58+0.232 61.89+0.43" 60.86+0.63¢° 62.41+ 0.432
Crude Protein  Raw 22.35+0.132 22.02+0.442 21.59+0.01° 21.57+0.05° 21.09 +0.93¢
Cooked 31.77+0.65% 29.96+0.79° 28.98+0.43° 28.20+0.41¢ 27.57+0.55¢
Ether Extract Raw 3.33+0.162  2.86+ 0.51°  2.45+0.54¢ 1.76+0.03¢  1.79+ 0.01¢
Cooked 4.46+0.33¢  4.78+0.01¢ 5.09+0.19° 5.49+ 0.162 5.40+ 0.292
Ash Raw 3.13+0.312  2.64+0.09° 2.64+0.16° 2.68+0.07°  2.55+ 0.05P
Cooked 2.37+0.312  2.28+0.192 2.1740.432 1.88+0.18>  1.86+0.12°
NFE Raw 3.45+0.32a  1.72+0.56>  1.38+0.26° 1.41+1.32>  0.68+ 0.14¢
Cooked 3.06+£0.062  1.48+0.44° 0.89+0.41° 0.74£0.19¢  1.35%+0.23°

abcde: Means on the same row with different superscripts are statistically significant (P<0.05); NFE: Nitrogen

Free Extract

84



Akinleye et al.; Asian J. Res. Rev. Agric., vol. 6, no. 1, pp. 79-89, 2024, Article no.AJRRA.1542

3.3 Nutrient Retention

Nutrient retention is defined as the measure of
the proportion of the nutrient remaining in the
cooked food in relation to the nutrient originally
present in the raw food [35]. Values for nutrient
retention for cooked sausage are presented in
Table 4. Average moisture retention values were
significantly higher in treatment | (67.42+ 2.94 %)
when compared to treatments Il (64.45+ 1.36), IlI
(60.94+ 1.35), IV (57.27+ 0.98) and V (57.76%
0.45). Moisture retention was similar between
treatments IV (57.27+ 0.98) and V (57.76% 0.45).
However, moisture retention decreased across
the treatment based on the levels of different
proportion of meat types. True Retention of
moisture followed the same trend as product
yield values for the treatments, suggesting that
product yield was mostly a function of moisture
loss, although fat probably might also contributed
to the variation. Crude Protein retention was
significantly higher (P<0.05) in treatments |
(97.67+ 4.59) and IV (97.61+ 1.58) followed by |
(94.69+ 3.44), V (91.67+ 1.88) and (91.63+ 1.18),
respectively. Wilkinson et al. [36] and Smith et al.
[37] reported an increase in protein content after
cooking for all meat products; however, collagen-
rich muscles have a lower nutritional value for
crude protein retention. Highest Fat retention
was recorded in treatment V (174.68+6.45)
followed by IV (154.89+11.85), Il (143.17+24.96),
Il (137.48+18.54) and the lowest was recorded
in treatment | (99.99+10.13). Although no
significant effects of different proportion of
chicken and beef meat on the sausage was
found in treatments Il (143.17£24.96), |l
(137.48+£18.54) and IV (154.89+ 11.85) were
found for ether extract. Luchak et al. [38]
reported an increase in ether extract and a
decrease in moisture with an increase in cooking
time. A plausible explanation for the lower fat
retention in treatment |, would be due to high
proportion of breast muscle, the effect was found
to be significant, improving fat retention across
the treatments. This explanation could be applied
to the low level of intramuscular fat in breast
muscle was lower than that in beef. Kempster et
al. [39] also reported that intramuscular fat is
later developing than subcutaneous fat and
therefore it can be expected that a larger
proportion of the fat of beef was located within
muscles than in breast muscle. Intramuscular fat
tends to be retained during cooking, while
subcutaneous fat is prone to be lost as fat drip.
Similarly, Harris et al. [40] found percent fat
increased and percent moisture decreased as
degree of doneness increased regardless of fat
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treatment. Ash had highest retention in treatment
V (85.65+ 6.14) followed by treatment IV (70.62+
5.81), Ill (66.91+ 3.17) and Il (62.63+ 5.55) and
the lowest retention value was in treatment |
(57.94+14.35). Different proportion of chicken
and beef meat did not have significant effects on
true retention values in ash for treatments |
(57.94+14.35), Il (62.63+ 5.55), Ill (66.91+ 3.17)
and IV (70.62+ 5.81).

3.4 Sensory Evaluation

The scores of the preference exhibited more
informative answers about the differences
between the samples of sausages. The average
scores assigned by panelists for the colour,
flavour, juiciness, tenderness and overall
acceptability attributes of fresh sausages are
shown in Table 5. Focusing on panel preference
for sausage types, most of the sensory quality
attributes were highly rated. This implies that
their characteristics were more appealing and
acceptable to the panel. Though, there were
variations among the sensory attributes. The
results revealed that colour, flavour, juiciness
and tenderness were the most liked sensory
quality attribute of sausages to influence panel
preference. Sausage formulated with 100% of
chicken meat (4.74+ 1.49) significantly recorded
lowest scores for colour compared to other
treatments  (P<0.05), but no significant
differences was observed between samples in
treatments 1l (5.83+ 0.41) and Ill (6.53+ 0.25).
Treatments IV (7.35+ 0.57) and V (7.84% 0.83)
had highest significant values than all other
sausages for colour. These differences could be
due to the low myoglobin content of chicken
meat. “Beef sausages were perceived to be more
superior to other sausages premised on colour
and increased the sensory quality attributes of
the products. This probably explains the
observed superiority in appearance of the types
of sausages. It is known that juiciness is
determined by the level of fat content and
moisture contents of meat, which, in turn
influence tenderness of the product. Perhaps this
explains the empirical results of low rating of
juiciness for chicken sausages. This is consistent
with another study which found that poultry meat
has low moisture content” [17]. The combined
breast meat and beef sausages also had
improved sensory quality attributes as reflected
by the increased odds. Therefore, the findings
suggest that combining the beef and breast meat
has a positive impact on improving the sensory
quality of the processed sausages, while
samples from treatment V were the most
acceptable by the panellist.
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Table 4. True nutrient retention of sausage prepared from different proportion of Chicken and

Beef
Treatments | Il 1 v V
Variable | (100%) Il (75%) 111 (50%) IV (25%) V (0%)
Moisture Content 67.42+ 2.942  64.45+ 1.36 60.94+ 1.35¢ 57.27+ 0.98¢ 57.76+ 0.454
Crude Protein 97.67+ 4592 91.63+1.18¢ 94.69+ 3.44b 97.61+ 1.582 91.67+ 1.88¢
Ether Extract 99.99+10.139 143.17+24.96b¢ 137.48+18.54¢ 154.89+ 11.85° 174.68+6.452
Ash 57.94+14.35¢ 62.63+5.55%¢  66.91+ 3.17°  70.62+ 5.81° 85.65+ 6.142

abcd: Means on the same row with different superscripts are statistically significant (P<0.05)

Table 5. Sensory evaluation of sausage prepared from different proportion of Chicken and

Beef

Treatments | Il 11 v \Y

Variable | (100%) 11 (75%) I (50%) IV (25%) V (0%)
Colour 474+ 1.49¢ 5.83+0.41° 6.53+0.25° 7.35+ 0.572 7.84+ 0.832
Flavour 5.31+0.09¢ 5.65+0.22b 5.73+0.112> 5,78+ 0.102 5.44+ 0.14¢
Juiciness 4,25+ 0.20°  4.50+ 0.24bc  4.67+0.28° 4.69+0.28P 5.18+ 0.352
Tenderness 5.34+0.13> 5,59+ 0.082 5.22+0.08¢° 5.16+0.13¢«¢ 5,07+ 0.10¢
Pungency 4,70+ 0.05¢  4.90+ 0.032  4.84+ 0.06° 4.81+0.06° 4,71+ 0.08¢
Overall Acceptability 5.52+0.19¢ 557+ 0.07¢ 5.80+ 0.09° 5.78+ 0.13b 6.29+ 0.312

abcde: Means on the same row with different superscripts are statistically significant (P< 0.05)

3.5 Microbial Quality Evaluation

Microbial growth in foods results in food spoilage
with the development of undesirable sensory
characteristics and in certain cases the food may
become unsafe for consumption. The microbial
characteristics of breakfast sausages are
presented in Table 6. The sausage products in
all the five treatments were observed for Total
Aerobic Count (TAC), Total Anaerobic Count
(TANC) and Total Fungal Count (TFC)
immediately after processing, TAC count for the
raw samples observed in treatment were | (1.38%
0.08), Il (3.33+ 0.36) , Il (4.22+ 1.00), IV (2.35%
0.38) and V (4.63% 0.39). The highest levels of
TAC in cooked samples were observed in
treatment V (3.95+0.30 Log cfu/g) and the lowest
in treatment IV (1.95+ 0.30Log cfu/g). TANC in
all the raw samples ranged from 1.24+ 0.08 to

4.31+ 0.11 with treatment 1l (4.31+ 0.11) having
the highest values while the lowest was recorded
in treatment | (1.24+ 0.08), TANC in processed
samples ranged from 2.06+ 0.32 to 3.67+ 0.33
while the highest value and lowest value were
recorded in treatment Il (3.67+ 0.33) and Il
(2.06+ 0.32), respectively. Total Fungal Count
(TFC) ranged from 1.32+0.17 to 3.11+ 0.70 with
the highest and lowest values recorded in
treatments V (3.11+ 0.70) and Il (1.44+ 0.2). The
cross contaminations might have come from poor
quality ingredients such as: non-meat materials,
wrapping materials and equipments used [41,42].
All the standard plate count (SPC) were within
acceptability limits (2—4 log 108 cfu/g) prescribed
by Colombian legislation [43]. It should also be
mentioned that total aerobic count (APC) can
predict the shelf life of the food products and are
used mainly as indicators of process hygiene and

Table 6. Microbial assessment of sausage prepared from different proportion of Chicken and

Beef (log 10%cfu/g)

Microbes | 1 1] v \

Variable  Sample 1(100%) Il (75%) Il (50%) IV (25%) V (0%)

TAC Raw 3.38+0.08° 3.33+0.359°  4.22+1.002 2.35£0.38¢ 4.63+ 0.392
Cooked 1.38+0.239 2.31+0.14° 1.43+ 0.22¢ 1.95+ 0.30° 3.95+ 0.302

TANC Raw 3.52+0.09° 4.31+0.112 3.67+0.33° 2.760.41¢ 3.02+0.54¢
Cooked 3.32+0.152 2.06+ 0.32¢ 1.29+ 0.0679 2.45+0.17° 1.24+0.08¢

TFC Raw 574+ 0.132  3.32+ 0.47° 3.34+ 0.38P 2.68+0.08¢ 3.11+0.702
Cooked 2.01+0.23¢ 2.38+ 0.38° 1.44+ 0.209 1.32+0.17¢ 0.74+ 0.40d

abcde: Means on the same row with different superscripts are statistically significant (P< 0.05); TAC: Total
Aerobic Count; TANC: Total Anaerobic Count; TFC: Total Fungal Count
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quality [32,44-47]. Handling of foods during
processing and distribution may lead to ultimate
reduction of shelf life, which might be an index of
good environmental conditions created during
processing. The results show that using poultry
and beef in sausage production is possible, from
the stand point of microbiological characteristics
[48,49].

4. CONCLUSION

Incorporating chicken meat resulted in reduced
moisture content and reduced cooking loss with
minimal effects on pH of the breakfast sausage.
The lower fat content in | and Il group than V
indicated the leanness of pectoralis major, which
could be the beneficial outcome of the present
study. Hence, breast muscle of broiler chicken
has great potential for utilization in sausages.
Generally, the sensorial attributes of breakfast
sausages in treatment V are more appealing to
consumers and beef sausages being extremely
liked. The panellists could have been influenced
by the light colour and juiciness of meat
from broiler chicken. Further research is
recommended to study the shelf life and in-depth
studies along distribution and marketing levels to

establish the sources of contamination
and probably the critical control points are
important.
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