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Abstract

The experiment was conducted to find out the effect of different types of flour on the sensory,
physicochemical, biochemical and microbiological properties of beef sausages. For this purpose,
sausages were prepared into four different groups. They were treated control; beef sausage without
flour, beef with 10% rice flour, beef with 10% wheat flour and beef with 10% corn flour. All parameters
were analyzed at 0, 15th and 30th days of storage time. The proximate compositions of different
sausage batters are analyzed and highly significant differences were found in dry matter and crude
protein (%) content and significant differences were found in cooking loss (%), pH (%) and EE (%)
content. While analyzing the different types of sausages, highly significant differences were found in pH,
DM (%), CP (%) and EE (%) content and significant differences in Ash (%) content. Crude protein (%)
and DM (%) increased, while Ash (%) and EE (%) decreased with increase of storage time. Significantly
higher DM (%) and CP (%) were found in beef sausage without any flour, no significant differences were
found among the flour groups in DM (%) and CP (%) content. The storage period had significant effect
on different biochemical (FFA, POV and TBARS value) and microbial (TVC, TCC and TYMC) test. In all
cases the values were increased with increase of storage time. The surface color (CIE L*, a*, b*) of
sausages of different treatments at different storage period were measured. No significant differences
in L* value were found among beef sausages and storage time. On the other hand, different types of
sausages had a significant effect on a* and b* values. Significantly higher a* value was found in beef
sausage with 10% corn flour and b* value in beef sausage without any flour (Control). Storage period
had no effect on b* values, but effect on a* values. Significantly lower a* value was found at 0 day of
storage time. In sensory analysis, highly significant differences were found in flavor, off-flavor,
juiciness, tenderness and overall acceptability among four types of sausages but no significant found in
color. All the parameters were significantly lower in control sausage except off-flavour, which was
significantly higher in control sausage. No significant differences were found in sensory parameters
among the sausages manufactured from different types of flour. From this experiment, it might be
concluded that addition of different types of flour increases the overall acceptability of beef sausage.
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texture of the products can be affected, resulting
in decreased demand by consumers. In recent
years, cereals and their ingredients have been
accepted as functional foods, primarily due to
constant promotion of dietary fiber, proteins,
energy, minerals, vitamins, and antioxidants

Introduction

Current health concerns have investigated
numerous research projects on different types of
foods and their constituents to determine
whether certain food intakes should be increased,

limited, or avoided to prevent heart and other
diseases. Particular attention has focused on
health problems associated with fat content in
food and consumers are looking for no-fat or low-
fat meat products (Miller and Groziak, 1996). Yet,
fat is an important constituent of human nutrition
and contribute to the flavor, tenderness,
juiciness, appearance, texture and shelf life of
meat products. On the other hand with excessive
fat reduction, however, the desired flavor and

required for human health. Cereals possess
dietary fiber such as B-glucan and arabinoxylan
and carbohydrates such as resistant starch and
oligosaccharides (Otles and Cagindi, 2006). It has
been reported that carbohydrate-based fat
substitutes from plant polysaccharides such as
fibers and starches can retain moisture and
provide textural qualities that are usually
provided by fat (WylieRosett, 2002). However,
different types of carbohydrate-based substitutes
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will have varying influence on final flavor profile
of a product (Lucca and Tepper, 1994).

Besides carbohydrate, rice flour is treated as a
good source of vitamins and minerals such as
thiamine, niacin, iron, riboflavin, vitamin D and
calcium. This flour is extremely low in fiber,
hence soothing to the digestive system of the
body. Cereal ingredients wheat flour is a vehicle
for vitamins and minerals and an important
source of carbohydrates, fiber, magnesium, B
vitamins, folic acid, antioxidants and
phytochemicals. Corn is one of the world’s most
popular cereal grains. As a good source of
antioxidant carotenoids, vyellow corn may
promote eye health. It's also a rich source of
many vitamins and minerals. All segments of the
meat industry are attempting to market low-fat
products and offer a wider variety of products.
Value-added meat products are positively
becoming popular. Sausage is one of them.
Therefore, the present study was to investigate
how the addition of different cereal flours affects
the quality of low-fat beef sausages and to find
out good quality cereals for making beef
sausages with higher consumer’s preference.

Materials and Methods
Experimental Design

Four beef sausage formulations were developed
(Table 1), as follows: i) beef sausage without
flour (Control), ii) beef sausage with 10% rice
flour, iii) beef sausage with10% wheat flour and
iv) beef sausage 10% corn flour.

Beef sausage preparation

Sausage batters were prepared by mixing all the
ingredients in a plastic bowl. With different
groups, flours were added at a level of 10%
(wt/wt). For each batch of sausage batters,
ingredients were mixed using a mixer machine.
After mixing, the mixtures were stuffed into
synthetic cellulose casings (approximate diameter
of 30 mm) using a sausage stuffer. Then the
sausages were cooked in a food steamer for 15
min. The prepared sausages were then packed in
food grade poly ethylene bags and stored
refrigerated for up to 30 days and assessed
immediately after processing (0 day) and at an
interval of 15- and 30-days post storage.

Product analysis
Proximate analysis

Moisture, protein, fat and ash of sausages and
batters was determined as per the standard
procedures of Association of Official Analytical
Chemists (AOAC, 1995).

pH

The pH of emulsion and cooked products was
determined by blending 10 g of sample with 50
ml of distilled water using an Ultra Turrax T25
tissue homogenizer (Janke and Kunkel, IKA
Labortechnik, Staufen, Germany) at 8,000 rpm
for 1 min. The pH of the suspension was recorded
by dipping combined glass electrode of Elico
digital pH meter, Model LI 127 (Elico Limited,
Hyderabad, India).

Cooking loss

To determine cooking loss of sausage batter,
weighed 5 g sample and wrapped in a heat stable
foil paper and kept in water bath at 80°C for 30
minutes. Samples surface are dried and weighed.
Cooking loss was calculated as the percentage of
the loss weight of the cooked sample (Symeon et
al., 2010).Cooking loss (%) =

Uncooked weight - cooked weight

X 100
Uncooked weight

Color analysis

The surface color (CIE L*, a*, b*) of sausages
samples were measured using a Minolta
Chromameter (Minolta CR 410, Tokyo, Japan)
standardized with a white plate (Y = 93.5, X =
0.3132, y = 0.3198). Five random reading were
taken from each type of sausages. The
measurements were averaged for each surface
and the results were expressed as positive
L*(lightness), a*(redness), b*(yellowness).

TBARS assay, peroxide value (POV) and free
fatty acids (FFA)

The amount of malondealdehyde (MDA) was
established using a procedure described by Buege
and Aust (1978).

TBARS = Abs 530 nm x 7.8 (conversion factor)
mg malonaldehyde/kg sausage

FFA value was determined according to
Rukunudin et al. (1998). FFA was calculated as
shown below: FFA (%) = (ml titration x
Normality of KOH x 28.2) / g of sample

Peroxide value (POV) was determined according
to (Sallam et al., 2004). POV was calculated as
shown below:

POV (meq / kg) = {(SxN)/W}x1000

Where, S, weight of oil sample; N, normality of
sodium thiosulphate and W, weight of the
sample.
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Table 1: Ingredient composition of beef sausage batter with different types of flour

Ingredients (g)

Different treatments

Beef Beef+10% Beef+10% Beef+10%

rice flour wheat flour corn flour
Breast meat (g) 1000 900 900 900
Flour (g) 00 100 100 100
Salt (g) 15 15 15 15
Sodium tripolyphosphate (g) 3.3 3.3 3.3 3.3
Sodium erthorbate (g) 0.37 0.37 0.37 0.37
Maltodextrin(g) 14.8 14.8 14.8 14.8

Microbiological analyses
Microbiological analyses

For microbial assessment total viable count, total
coliform count and total yeast-mould count were
undertaken. A quantity of 10 g of beef meat
sample was aseptically excised from stored
stock sample. Each of the stored beef meat
samples was thoroughly and uniformly
macerated in a mechanical blender using a
sterile diluent (0.1% peptone water) as per the
recommendation of International Organization
for Standardization (ISO, 1995). A quantity of
ten (10) grams of the minced meat sample was
taken aseptically transferred into a sterile
container containing 90 ml of 0.1% peptone
water. A homogenized suspension was made in a
sterile blender. Thus 1:10 dilution of the samples
was obtained. Later on using whirly mixture
machine different serial dilutions ranging from
10? to 10° were prepared according to the
instruction of the standard method (ISO, 1995).

Sensory evaluation

Different sensory attributes were examined at
day 1. Each sausage sample was evaluated by a
trained panel of 6-honorable judges at
Bangladesh Agricultural University. Recruitment,
selection and training of panelist were performed

according to sensory evaluation procedure
(AMSA, 1995). The sensory questionnaires
measured intensity on a 5-point balanced

semantic scale (weak to strong) for the following
attributes color, smell, tenderness, juiciness and
overall acceptability. Sensory evaluation was
carried out in individual booths under controlled
conditions of light, temperature and humidity.
Sensory qualities of the samples were evaluated
after thawing of before cook and after cook using
a 5-point scoring method. Sensory evaluation
was accomplished at 0, 15" and 30" days.

Statistical analysis

The sausage batter data and the sensory
evaluation of different sausages analyzed using
analysis of variance technique with the principles
of Completely Randomized Design, while sausage
data during different storage period were
analyzed by 4x3 factorial design (where,
4=different sausages and 3=different storage
period) (SAS, 2009). DMRT was done to compare
variations among means where ANOVA showed
significant differences.

Results and Discussion

Proximate, pH and cooking loss of Sausage
batter

Sausage batter is a mixture of ingredients by
which sausage is prepared. The proximate, pH
and cooking loss of sausage batter was shown in
table 2. The data obtained from different sausage
batter indicated that there were significant
differences among the treatments in Cooking
loss, pH, DM, CP and EE content (p<0.05). The
higher cooking loss was observed in beef sausage
batter without any flour, no significant differences
were found in cooking loss among the different
flour group of sausage batters. Yang et al. (2009)
found that duck sausage batter with 10%
supplemented wheat flour showed the lowest
cooking loss among the other sausage batters.
The higher pH value was observed in beef
sausage batter with 10%wheat flour (T3) than
others types of sausage batter. Significantly
lower DM (%) and higher CP (%) and EE (%)
were found in control sausage (beef sausage
without any flour). Protein and fat content
differed among the sausage batters and was
significantly lower in batters with added cereal
flours which were found by Yang et al. (2009). No
significant differences were found in DM (%), CP
(%) and EE (%) among the sausage batters
manufactured with different types of flour.
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Table 2: Proximate composition, cooking loss and pH of low fat beef sausage batter incorporate with different

types of flour

Parameters Treatments Level of
Significance
Beef Beef+10% Beef+10% Beef+10%
rice flour wheat flour corn flour
Cooking Loss (%) 6.69+0.712 5.19+0.15° 4.63+0.35° 5.05+0.10° *
pH 5.93+0.02° 5.95+0.02° 6.03+0.04 ° 5.92+0.02° *
Dry matter (%) 25.53+0.34° 26.59+0.08° 26.94+0.28° 27.49+0.36° *x
Ash (%) 2.24+0.08 2.02+0.05 2.11+0.08 2.11+0.08 NS
Crude protein (%) 18.39+0.06° 16.69+0.06° 16.32+0.28° 16.08+0.41° *x
Ether extract (%) 2.40+0.15° 2.05+0.08° 1.92+0.06° 1.82+0.06° *

*p<0.05; **p<0.01; NS, Non-significant; Means with different superscripts within a row differ significantly

(p<0.05)

Table 3: pH of low fat beef sausages incorporate with different types of flour during different days of intervals

Parame days of Treatments (T) Level of
ter interval Significance
D
(b Beef Beef+10% Beef+10% Beef+10% Mean T D T*D
rice flour wheat flour corn flour
pH 0 6.11+0.06 6.13+0.05 6.29+0.07 6.20+0.06 6.18
15 6.11+0.02 6.13+0.06 6.28+0.06 6.10+0.07 6.15
** NS NS
30 6.12+0.07 6.17+0.05 6.31+0.08 6.18+0.03 6.19
Mean 6.11° 6.14° 6.29° 6.16°

Note: *, (p<0.05); **, (p<0.01); NS, (p>0.05); a, b, c Different letters indicate significant difference among

the treatments

pH of sausages during different days of
interval

The pH of different treatments with days of
intervals was shown in Table 3. The mean values
observed from four treatment groups indicated
that there were highly significant (p<0.01)
differences among the treatments. However, the
higher value was observed in beef sausage with
addition of 10% wheat flour, while the other 3
sausages did not differ significantly. McCarthy et
al., (2001) and Carpenter et al., (2007) reported
no difference in the pH of control and test
antioxidants like grape seed, bearberry and
rosemary extracts incorporated raw and cooked
pork meat product.

The range of overall observed of different days of
intervals of pH was 6.15 to 6.19. The mean
values observed in 0, 15th and 30th days of
observation indicated that there were no
significant (p>0.05) differences found among
these three days of observation. The interaction
between treatment and number of days it was
stored does not have a significant difference
(p>0.05) on the level of pH.

Proximate analysis of sausages

The proximate analysis of different treatments
with days of intervals is shown in Table 3. Result
showed that treatment and storage periods have
highly significant effect (p<0.01) on DM content.
DM content of beef sausage without any flour
showed significantly higher DM content than the
sausages made from beef incorporated with
different types of flour. DM content was increased
with the increase of storage period. The results
agreed with results of Naveena et al. (2008), who
have reported an increase in storage period with
an increase in the dry matter content of chicken
patties incorporated with pomegranate peel
extract and pomegranate rind powder extract.
The interaction between treatment and storage
period did not show significant difference
(p<0.05) on DM content.

The range of overall observed CP content at
different treatments was 19.56 to 23.22%. The
mean value observed from different treatment
groups indicated that there were significant
(p<0.01) difference found for CP content. Among
four treatment groups, the highest CP content
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was observed from beef sausages without
addition of flour, while no significant differences
were observed among different sausage made
from beef incorporated with cereal flours. The
range of overall observed of different days of
intervals of CP content was 28.13 to 29.16%. The
mean value observed from 0, 15™ and 30™ days
of observation indicated that there were
significant (p<0.01) differences among these
three days of observation. The CP content was
increased with the increase of storage period. The
highest CP content was observed at 30" day and
lowest CP content at 0 days. The interaction
between treatment and number of days it was
stored have no significant difference (p>0.05) on
CP content. The range of overall observed EE
content at different treatments was 1.31 to
2.23%. Observation from four treatments, the
mean values indicated that there were highly
significant (p<0.01) differences of EE content.
Among four treatment groups, the lowest EE
content was observed at sausage made from beef
incorporated with corn flour group and the
highest EE content was observed at beef sausage
without any cereal flour group. The range of
overall observed of different days of intervals of
EE content was 1.23 to 2.16%. The mean values
observed from 0, 15" and 30™ days of
observation indicated that there were significant
differences (p<0.01) among these three days of
observation. The EE content was changed with
the increase of storage period. Similar results

were found by Kumar et al. (2013) that protein
and fat contents were decreased (p > 0.05) when
investigated the effect of green banana (GBF)
and soybean hulls flours (SHF) on chicken meat
nuggets. Ali et al. (2011) found that crude
protein and fat content were significantly lower in
the group with added rice flour compared with
the no flour group. The range of overall observed
ash content at different treatments was 2.12 to
2.25%. The mean values observed from four
treatment groups indicated that there were
significant (p<0.05) differences of ash content.
Among these four treatments, the lowest ash
content was observed beef sausage without flour
group and the highest was observed from beef
sausages with 10% wheat flour group. The range
of overall observed of different days of intervals
of ash content was 2.04 to 2.26%. The mean
values observed from 0, 15" and 30" days of
observation indicated that there were highly
significant (p<0.01) differences among these
three days of observation. The ash content was
significantly decreased with the increased storage
period. The lowest ash content was observed at
30™ day and highest ash content at 0 days. Kaur
et al. (2015) prepared chicken nuggets
incorporated with carrot and reported that with
an increase in the storage period ash content is
gradually decreased. The interaction between
treatment and number of days it was stored did
not have a significant difference (p>0.05) on ash
content.

Table 4: Proximate composition of low fat beef sausages incorporate with different types of flour during

different days of intervals

Parame Days Treatments (T) Level of Significance
ter (%)  of Beef Beef+10% Beef+10% Beef+10% Mean T D  T*D
'a'::e"" rice flour wheat flour corn flour
DM 0 29.28+0.10  27.47+0.39 27.93+0.13 27.82+0.18  28.13¢  *¥*  kx NS
15 29.84+0.50  28.01+0.11 28.27+0.27 28.09+0.15  28.55°
30 31.01+0.31  28.48+0.18 28.40+0.10 28.75+0.15  29.16"
Mean 30.04° 27.99° 28.20° 28.22°
cP 0 22.13+0.33  18.93£0.18 18.98+0.23 18.75+0.47  19.69° **  ** NS
15 22.72+0.09  19.90+0.30 19.78+0.15 19.68+0.18  20.52°
30 24.83+£0.83  20.84%0.09 19.93+0.18 20.27+£0.42  21.46°
Mean 23.22° 19.89° 19.56° 19.56°
Ash 0 2.25+0.05 2.23+0.05 2.32+0.02 2.22+0.02 2260 % ** NS
15 2.16+0.08 2.23+0.05 2.20+0.02 2.18+0.02 2.19°
30 1.95+0.07 1.99+0.05 2.23+0.05 2.00+0.06 2.04°
Mean 2.12° 2.15° 2.25° 2.13°
EE 0 2.78+0.08 2.20+0.10 2.05+0.05 1.63+0.18 2,168 Rk k% NS
15 2.05+0.10 1.28+0.08 1.2340.08 1.33£0.13 1.47°
30 1.85+0.00 1.03+0.07 1.05+0.05 0.99+0.04 1.23°
Mean 2.23? 1.50° 1.44b¢ 1.31¢

DM, dry matter; CP, crude protein; EE, ether extract. *p<0.05; **p<0.01; NS, Non-significant; Means with

different superscripts within a row or column differ significantly.
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Table 5: International commission on illumination color measurements (CIE*) of low fat broiler meat sausages
incorporate with different types of flour during different storage time

Par Days of
am intervals

Treatments (T) Level of Significance

eter (D) Beef Beef+10% Beef+10% Beef+10% Mean T D T*D
rice flour wheat flour corn flour
L* 0 49.55+0.38  48.17+0.06 48.21+0.03 47.96+0.26  48.47
15 46.09+1.19  48.10+2.01 45.59+1.73  48.63+1.40 47.10
NS NS NS
30 46.32+0.26  47.56+0.75 47.28+0.55 45.17+0.96 46.58
Mean 47.32 47.94 47.02 47.25
a* 0 5.67+0.09 5.62+0.18 5.65+0.09 4,98+0.15  5.48°
15 5.84+0.12 5.70+0.08 5.56+0.04 5.93+0.07 5.76°
£33 * *k
30 5.84%0.05 5.98+0.15 5.66+0.25 5.01+0.06 5.62%°
Mean 5.78° 5.76° 5.62° 5.30°
b* 0 11.11£0.10 9.88+0.53 10.40+0.08 8.71+0.34  10.02
15 10.80+0.28 9.39+0.58 9.68+0.59 9.69+0.53 9.89
ok NS NS
30 10.30£0.44 9.42+0.45 10.70+0.30 8.76+0.49 9.79
Mean 10.73? 9.56"° 10.26% 9.05°¢

*p<0.05; **p<0.01; NS, Non-significant; Means with different superscripts within a row or column differ
significantly.

Table 6: Biochemical properties of low fat broiler meat sausages incorporate with different types of flour
during different storage time

Parame Days of Treatments (T) Level of Significance
ter interval
Beef Beef+10% Beef+10% Beef+10% Mean T D T*D
rice flour wheat flour corn flour
FFA (%) 0 0.19+0.01 0.13+0.03 0.13+0.03 0.14+0.01 0.15°¢
15 0.55+0.03 0.43+0.06 0.41+0.03 0.44+0.06 0.45°
30 1.15+0.05 1.05+0.05 1.10+0.00 1.00+0.10 1.08°
Mean 0.63° 0.54° 0.54° 0.53°
POV 0 1.73+£0.01 1.56+0.07 1.65+0.02 1.65+0.02 1.65°
meq /
(kg) L 15 1.77+£0.03 1.72£0.02 1.68+0.05 1.72+0.02 1.72°
30 1.92+0.02 1.69+0.02 1.72+0.02 1.71£0.02 1.76°
Mean 1.81° 1.66° 1.68° 1.69°
TBRS 0 0.11+0.00 0.11+0.01 0.12+0.01 0.09+0.00 0.11°¢
m
ﬁna?onam 15 0.18+0.02 0.16+0.02  0.14+0.00 0.13%0.02 0.15°
Egyde/ 30 0.2340.01 0.1940.01  0.1940.01 0.19+0.01 0.20°
sample)  Mean 0.17° 0.15° 0.15° 0.14°

FFA, free fatty acids; POV, per oxide value; TBRS, thiobarbituric acid reactive substance. *p<0.05; **p<0.01;
NS, Non-significant; Means with different superscripts within a row or column differ significantly.

The instrumental sausage surface color (CIE
L*, a*, b*)

The surface color (CIE L*, a* b*) of sausages
samples were measured using a Minolta Chroma
meter (Minolta CR 410, Tokyo, Japan)
standardized with a white plate (Y =93.5, X =
0.3132, y = 0.3198) shown in Table 5. The range

of overall observed color score at different
treatment for lightness (L*) was 47.02 to 47.94.
The mean values observed from four treatment
indicate that there were no significant difference
(P>0.05) exist among four treatments. Of the
four treatments group highest reading was
observed from beef sausage with 10% rice flour
and lowest was observed from beef sausage with
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10% wheat flour group. Whereas, the range of
different days of interval of overall observation of
color score for lightness was 46.58 to 48.47.The
mean values observed from 0, 15" and 30th days
of observation indicated that there were no
significant differences (p>0.05) found among
these three days of observation. The higher
reading was observed from 0 day and lower
reading was observed from 30™ day. Again, there
was no significant difference (p>0.05) exist
between the interaction of treatments and
number of days it was stored under refrigerated
condition. Singh et al. (2014) conducted an
experiment on the shelf life evaluation of raw
chicken meat by using different natural
preservatives noticed that L* value did not vary
significantly among different treatment and
storage period. Ali et al. (2011) found lightness
decrease by adding rice flour to duck sausage.

The range of overall observed color score at
different treatment for redness (a*) was 5.30 to
5.78. The mean values observed from four
treatment indicate that there were a highly
significant difference (p<0.01) found among four
treatments. Of the four treatment group highest
reading was observed from beef sausage without
any flour and lowest color score was observed
from beef sausage with addition of 10% corn
flour group. Whereas, the range of different days
of interval of overall observation of color score for
redness was 5.48 to 5.76. The mean values
observed from 0, 15" and 30th days of
observation indicated that there were a
significant differences (p<0.01) found among
these days of observation. The highest reading
was observed from 15" day and lowest from 0
days of storage. The data showed that redness
score not increased gradually with the increase in
storage period. But there was significant
difference (p<0.05) exist between the interaction
of treatments and number of days it stored under
refrigerated condition. Results agreed with the
results of Singh et al.(2014), who conducted an
experiment on the shelf life evaluation of raw
chicken meat by using different natural
preservatives reported that redness (a") value
increase significantly with the increase in storage
period. On the other hand, Ali et al. (2011) found
that redness decreased with adding rice flour in
all meat type sausages.

Again, the range of overall observed color score
at different treatment for yellowness (b*) was
9.05 to 10.73. The mean values observed from
four treatment indicated that there were highly
significant difference (p>0.01) found among four
treatments. Of the four treatments highest score
was observed from beef sausage without addition

of flour and lowest color score was observed from
beef sausages with addition of 10% corn flour
group. The range of different days of interval of
overall observation of color score for yellowness
was 9.79 to 10.02. The mean values observed
from 0, 15" and 30th days of observation
indicated that there were no significant
differences (p>0.05) exist among these days of
observation. The highest color score was
observed from Odays and lowest from 30™day.
There was no significant difference (p>0.01)
found between the interaction of treatments and
number of days it stored under refrigerated
condition. Anna et al. (2011) observed a
decreased color test scores during storage
resulted from the denaturation of proteins,
particularly the myofibrillar protein that affects
gel formation. In our experiment, we did not find
any significant effect of b*value during 30 days
storage period.

Biochemical properties

The value of Biochemical components were
shown in Table 6. The range of overall observed
FFA value at different treatments was 0.53 to
0.63. Significant differences (p<0.05) were found
in Free Fatty Acid value among four treatment
groups. The range of overall observed of different
days of intervals of FFA was 0.15 to 1.08. The
mean values observed in 0, 15™and 30" days of
observation indicated that there were highly
significant (p<0.01) differences found among
these three days of observation. The FFA value
was increased with the increased storage period.
Modi et al. (2004) reported that the FFA value
gradually increase in fresh and smoked meat
nuggets as 3.9 and 3.7 respectively during 6
months of frozen storage. Baker et al. (2013)
reported that increasing storage period
significantly rise in free fatty acids content which
is similar to my findings.

The range of overall observed peroxide value at
different treatment levels was 1.66 to 1.81.
Highly significant differences (p<0.01) were
found in peroxide value among four treatments.
The range of overall observed of different days of
intervals of peroxide value was 1.65 to 1.76. The
mean values observed at 0, 15™and 30™ days of
observation indicated that there were significant
differences (p<0.01) among these observations.
During storage, the peroxide value increased in
all  treatments. The interaction between
treatments and their storage time has also a
significant difference on POV value. Das et al.
(2011) reported a significant increase in peroxide
value of the meat samples during refrigerated
storage.
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The range of overall observed TBARS value at
different treatment levels was 0.14 to 0.17. The
mean values observed from the treatment groups
indicated that there were significant differences
(p<0.01) among four treatment groups. Among
the treatments, the lowest TBARS value was
observed from beef sausage with 10% corn flour.
The highest TBARS value was found in beef
sausage without any flour. The range of overall
observed of different days of intervals of TBARS
value was 0.11 to 0.20. The mean values
observed from 0, 15" and 30" days of
observation indicated that there were significant
differences (p<0.01) found among these three
days observation. The interaction between
treatments and number of days it is stored has
no significant differences on TBARS value. The
TBARS values increased significantly (p<0.01)
during storage in all treatments. Devatkal et al.
(2008) observed that the TBARS value increased
during the refrigerated storage in cooked goat
meat patties added with different plant extract.
Yadav et al. (2018) found a significant increase in
TBARs value of control and fiber enriched
sausage with an increase in storage period.

Microbiological assessment

The present study observed the presence of
micro-flora (TVC) and food borne pathogens
(Coliform and Yeast-Mold) on control and
different treatment groups at different days of
intervals and at different treatment levels. After O
days of observation, four types sample was
preserved at -20°C for the observation at 15%
and 30" days.

The microbial properties of different sausages at
different days of interval are shown in Table 7.
The range of overall observed total coliform count
from the beef sausage was 4.66 to 4.98logio
CFU/g in different treatment groups. The mean
values of different treatment indicated that there
were a significant (p<0.05) differences in TCC
values found among four treatment groups. Of
the four treatment groups the total coliform count
was highest in sausage without cereal flour
(4.98log1o CFU/g) and lowest coliform count was
found in beef sausage with rice flour (4.66logio
CFU/g). On the other hand, the range of overall
observed of different days of intervals of TCC
value was 4.00 to 5.50logip CFU/g. The mean
values observed from 0, 15%and 30" days of
observation indicated that there were significant
differences (p<0.01) found among these three
days of observation. The highest coliform count
was found at 30" days of storage while lowest
was noticed at 0 days of observation. There was
no significant difference (p>0.01) exist between
the interaction of treatments and number of days
it was stored. Reddy et al. (2017) observed a
significantly (P<0.05) lower coliform count in
chicken meat sausages incorporated with natural
antioxidant extracts i.e., rosemary and green tea.
Sallam et al. (2004) reported that the initial
aerobic plate count in sausage was 4.4 logio
CFU/g and during the first 10 days of storage the
count was observed below 7logio CFU/g which is
the maximum permissible limit for aerobic plate
count.

Table 7: Microbial properties of low fat beef sausages incorporate with different types of flour during different

storage time

Param  Days of Treatments (T) Level of Significance
eter interval “peer Beef+10% Beef+10%  Beef+10% Mean T D  T*D
rice flour wheat flour corn flour
0 4.32+0.17 3.85+0.05 4.02+0.06 3.79+0.11  4.00°
TCC 15 4.97+0.07 4.7240.07 4.78+0.04 4.92+0.04 4.85°
(logio *% Kk NS
CFU/g) 30 5.64+0.06 5.41+0.06 5.3940.06 5.56+0.06 5.50°
Mean 4,982 4.66° 4.73° 4.75°
0 4.96+0.05 4.60%0.09 4.71+0.08 4.58+0.08  4.71°
TYMC 15 5.87+0.04 5.53+0.09 5.62+0.04 5.58+0.08 5.65°
(logio )% *% NS
CFU/g) 30 6.46+0.06 6.19+0.06 6.13+0.05 6.27+0.06 6.26°
Mean 5.76° 5.44° 5.48° 5.47°
0 6.64+0.01 6.31+0.01 6.50+0.00 6.44+0.01  6.47°
TvC 15 7.13+0.03 6.77+0.07 6.81+0.21 7.0140.10 6.93°
(logio )% *% NS
CFU/g) 30 7.71+0.01 7.49+0.00 7.44+0.01 7.5740.01 7.552
Mean 7.162 6.86° 6.91b¢ 7.01°

TCC, total coliform count; TYMC, total yeast mold count; TVC, total viable count. *p<0.05; **p<0.01; NS,
Non-significant; Means with different superscripts within a row or column differ significantly.
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The range of overall observed total yeast-mold
count from different chicken sausage was 5.44 to
5.76(logipo CFU/g). The mean values of different
treatment indicated that there were highly
significant differences (p<0.05) of TYMC values
found among four treatment groups. On the other
hand, the range of overall observed of different
days of intervals of TYMC value was 4.71 to
6.26logi0 CFU/g. The mean values observed from
0, 15™and 30™ days of observation indicated that
there were a significant differences (p<0.01)
found among these three days of observation.
The highest yeast mold count was found at 30
days while lowest was noticed at 0 days of
observation. There was no significant difference
(p>0.05) exist between the interaction of
treatments and number of days it was stored.
Reddy et al. (2017) observed a significantly
(P<0.05) lower yeast molds count in chicken
meat  patties incorporated with natural
antioxidant extracts i.e., rosemary and green tea.

The range of overall observed total viable count
from the different chicken sausages was 6.86 to
7.16 (logio CFU/g). The mean values of different
treatment indicated that there were a significant
(p<0.01) differences of TVC values among four
treatment groups. Of the four treatment groups
the total viable count was highest in beef sausage
without any flour (7.16logio CFU/g) and lowest
viable count was found in beef sausage with rice
flour (6.86 logis CFU/g). The range of overall
observed TVC of different days of interval was
6.47 to 7.55logip CFU/g. The mean values
observed from 0, 15" and 30" days intervals
indicated that there were a significant differences
found among these three days of observation.
The highest TVC was found at 30™ days while
lowest was noticed at 0 days of observation.
There was no significant difference (p>0.01) exist

between the interaction of treatments and
number of days it was stored. Kumar et al.
(2007) observed that chicken patties prepared by
replacing spent hen meat with 5% sorghum flour,
10% barley flour and 5% pressed rice flour
recorded higher total plate count and
psychrophilic count, which increased significantly
during storage up to 35 days of storage.

Sensory evaluation

Sensory evaluation is a scientific discipline that
applies principles of experimental design and
statistical analysis to the use of human senses
(sight, smell, taste, touch and gearing) for the
purpose of evaluating consumer products. The
sensory analysis was done at 1 day old sausages.
The effects of different types of flours on the
sensory properties of beef sausages were shown
in Table 8.

The data obtained from different treatment
indicated that there was no significant difference
among the treatments (p>0.05). However, the
higher color score was observed in sausage made
from beef with addition of 10% corn flour and
lower value was observed in sausages made from
beef with 10% rice flour. Highly significant
differences were found in flavor among different
sausages from sensory evaluation (p<0.01). The
lowest value was observed in beef sausage
without addition of flour and highest value was
found in beef sausage incorporated with 10%
corn flour. The data obtained from different
treatment indicated that a highly significant
difference (p<0.01) exist among the sausages.
The off-flavor score in beef sausages without
incorporation of flour has remarkably higher
value than other three treatments. The off-flavor
score of flour groups are statistically similar to
each other.

Table 8: Sensory properties of cooked low fat broiler sausages manufactured from broiler meat incorporate
with different types of flour during different storage time

Parameters Treatments Level of
Significance
Beef Beef+10% Beef+10% Beef+10%
rice flour wheat flour corn flour
Color 4.78+0.16 4.68+0.07 4.70+0.12 4.90+0.16 NS
b a a a
Flavor 3.95+0.11 4.78+0.17 4.60+0.07 4.95+0.14 *
Off-flavor 1.95+0.06° 1.63+0.09° 1.68+0.05° 1.60£0.06° *k
Juiciness 3.87+0.10° 4.68+0.14° 4.62+0.12° 4,93+0.10° *ok
b
Tenderness 4.33+0.09 4.80£0.07 4.78+0.05 4.95+£0.04° **
Overall 4.50+0.04° 4.78+0.04° 4.73+0.02° 4.80+0.08° *ok

acceptability

*p<0.05;, **p<0.01; NS, Non-significant; Means with different superscripts within a row or column differ

significantly.
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Highly significant differences were found in
juiciness value among different sausages
(p<0.01). The lowest juiciness was observed in
beef sausage without addition of flour. Although
there is no significant differences found among
other three treatments, beef sausage treated
with 10% rice flour, 10% wheat flour, 10% corn
flour has higher juiciness value. Ravindranath et
al. (1988) studied quantitative and qualitative
characteristics of products prepared from buffalo
meat and pork, and reported that addition of
phosphates improved the sensory scores for
juiciness of patties. Similarly, Santhi and
Kalaikannan (2014) found that the juiciness score
increased with the inclusion of Oat Flour to low-
fat chicken nuggets.

A highly significant differences were found in
tenderness property among different sausages
(p<0.01).Tenderness is interrelated with DM
content of the sausages. Beef sausage without
addition of different types of flours showed
minimum tenderness, no significant differences
were found among 3 flour sausages. Ali et al.
(2011) found that tenderness value was
increased by addition of rice flour while studying
low-fat sausages with or without 10% hydrated
rice flour made from duck, chicken and pork.

The data obtained from different treatment
indicated that there is a highly significant
difference exist among the treatments (p<0.01).
Beef sausage without any cereal flour is less
overall acceptable  than beef  sausages
incorporated with 10% rice flour, 10% wheat
flour and 10% corn flour. Moreover, the flour
sausages are equally acceptable. Ali et al. (2011)
found that addition of rice flour increased the
overall acceptability of duck sausage to that of
pork and chicken sausages.

Conclusion

From sensory evaluation, it was found that flavor,
juiciness, tenderness were lower, while off-flavor
was higher in control sausage. Therefore, it might
be concluded that low fat beef sausage
incorporated with different types of flour
increased the overall acceptability.
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