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Abstract
The studies were conducted for the development, quality evaluation and shelf life of cooked buffalo meat sausage samples
prepared with different levels of fat (20-30%) and carrot powder (0-5%). The research work was designed by response surface
methodology and therefore the range of two independent parameters viz. fat (20-30%) and carrot powder (0-5%) was selected. The
quality of sausage samples was evaluated on the basis of physicochemical characteristics like, moisture content, ash content, fat
content, protein content, pH value, and TBA number. The samples were packed in combination film and stored under refrigerated
condition (0ºC) and for shelf life studies quality and analysis of sausage samples was carried out after every five days till the end
of shelf life. The moisture content in the samples was observed in the range of 61.14 to 62.35% in fresh condition and it observed
less decrement in the moisture content in samples having zero or low amount of carrot powder comparatively with the samples
having higher amount of carrot powder during the refrigeration storage period. The ash content was observed in the range of 1.9 to
2.3% in fresh condition and slight increment in ash content was observed due to reduction in the moisture content during storage.
Similarly fat content was found 14.12 to 16.67% in fresh condition, while an increase in fat content was found in sausage samples
during refrigerated storage (0ºC). It was due to the decrease in the moisture content of sausage samples. The protein content of all
sausage samples was found in the range of 18.37 to 18.70% in fresh condition. The increase in protein content was found due to
similar reason of decrease in moisture content. The pH values of the sausage samples were found in the range of 6.132 - 6.412 in
fresh condition and it was found that sausage sample having 21.46% fat content and 4.27% carrot powder had lowest decrement
in the pH. The sausage samples found spoiled at TBA no. ≥ 0.20 and shelf life cooked buffalo meat sausage found of Twenty-one
days under refrigerated condition.
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Introduction
Buffalo (Bubalus bubalis) meat is a good source of Protein, vitamins
B6 and B12, iron, potassium and even calcium. It has a higher content
of vitamins and minerals that contribute to the stronger flavour. Meat is
deprived of dietary fibre which causes several gastro-intestinal problems
in human beings. Cooked buffalo meat sausage is incorporated with
carrot powder to fulfil dietary requirement of buffalo meat. The food
rich in dietary fibre affects the metabolic rate and the results have been
observed which advocate the prevention of diabetes [1]. The resistant
starches as well as non-digestible oligosaccharides are the basic classes
of dietary fibres [2]. It has been observed that dietary fibre intake is
inversely associated with aggressive prostate cancer among African
Americans and European Americans [3]. Increasing consumption
of dietary fibre rich diet will help to reduce the problem of obesity in
developed countries [4]. Several physicochemical parameters have been
studied to evaluate the quality and shelf life of cooked buffalo meat
sausage. Meat is the ultimate source of protein, vitamins and minerals
which are necessary for the growth of each and every individual. There
are many animals which are continuously being used for the production
of meat for instance poultry, buffalo, mutton, pig etc. Buffalo meat is
used at large scale for the production of various buffalo meat processed
product including sausages [5]. India has 50% share in buffalo meat
production in the world. It indicates that India has plenty of buffalo
meat as a raw material which can further be used for the preparation
of several other processed meat products, i.e. sausage. People generally
suffer with several gastrointestinal diseases which are basically due to
fibre free diet. Meat, milk, egg and fish do not have dietary fibre that’s
why they cause gastrointestinal diseases when taken in pure form for a
long period. In this research, a meat product is made with incorporating
carrot powder. Carrot powder (Daucus carota Linn.) contains higher
percentage of beta-carotene which is the Precursor of vitamin A i.e. 989
µg/g in fresh condition [6] as compare to other vegetables along with
good source of dietary fibres. The dehydration of vegetables (carrot,
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broccoli and spinach) significantly reduces carotene but cooking
did not affect carotene content [7]. After one week storage of carrot
at room temperature, it was observed the highest retention of beta
carotene in carrot i.e. 14000 µg/100 g [8]. Cooked buffalo meat sausage
is prepared with meat, carrot powder, spices and condiments. It has
been claimed that beta-carotene retention was found better in three
minutes blanched samples than five minutes blanched samples [9]. The
children of developing countries are suffering from various vitamin A
deficiency disorder cause death of children every year [10]. The world
population is at the risk of vitamin-A deficiency. The bioavailability of
vitamin-A is higher in processed food than the raw material [11]. It has
been found that pasteurization and sterilization at 121ºC caused only
minor isomerisation of beta-carotene while sterilization at 130ºC and
blanching caused higher isomerisation of beta-carotene and resulted in
increased levels of cis-isomers [12]. Three bakery products incorporated
with beta-carotene and tested against the losses in carotene and the
losses were found as 20% in bagels and cake while 30% in cookies after
baking [13]. While working with buffalo nuggets it has been found that
on increasing the comminution temperature cooking losses and TBARS
value increases [14]. The pH of Dietary Fibre supplemented fermented
sausage was critically affected during ripening by the amount of Dietary
Fibre incorporated, the values for sobrassada samples containing over
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3% of Dietary Fibre suggested that the fermentation process in these
samples was not successful [15]. Dietary fibre is very important for
today’s diet due to increasing problems of constipation, type-2 diabetes
mellitus, colon cancer and cardiovascular diseases along with several
other gastro-intestinal problems [16]. In the study the main objectives
were to analyse the physicochemical characteristics viz. moisture
content, ash content, fat content, protein content, pH value and TBA
number during refrigerated storage period at an interval of five days till
the end of shelf life.

Materials and Methods
The Meat samples (collected from local meat shop for the study)
were from buffaloes slaughtered according to traditional halal method
at slaughterhouse of municipal corporation, Aligarh. The animals
were kept in lariage for a period of 18-20 hrs before slaughter. Meat
samples from round portion (biceps femoris muscle) of 2.5, 3 and 3.5
yrs aged female carcasses of good finish, were obtained from meat shop
within 3-4 hrs of slaughter. Buffalo fat from brisket and back collected
along with other meat ingredients. The meat chunks and buffalo fat
were packed in low density poly ethylene ( LDPE) and brought to
the laboratory within 20-30 minutes other non meat ingredients like
spices, condiments , salts and carrot were procured from the local
market. The casing material was procured from PRS technologies New
Delhi. The meat firstly washed with tap water then deboning taken
place. After it, minced the meat and mixed with carrot powder, spices
and condiments along with preservative. Finally filled into polymer
casing and stored at refrigerated temperature in combination film. The
white fat was taken 20-30 percent while carrot powder was taken in
the range of 0-5 percent. Initially sausage samples were optimized by
response surface methodology then according to the solution given by
RSM software further storage study was conducted under refrigerated
condition periodically after every five days till the end of shelf life.

Evaluation of Physicochemical Properties
Moisture content and ash content were determined by oven
drying the methods [17]. The fat content was measured with the help
of soxhlet apparatus. The pH value of sausage samples were measured
by digital pH meter (Khera model, India). Protein content was
determined by Biuret Protein Assay which is most common, simplest
and very sensitive method. TBA number was measured with the help
of spectrophotometer (digital spectrophotometer model 310E, India)
by titrating sausage samples with several other chemicals (TBA reagent
was prepared according to Pearson, 1973).

Statistical analysis
The experimental data were subjected to analysis of variance (Two
way ANOVA). All statistical analysis were performed using SPSS
Version 10.0 for windows (SPSS Inc., Chicago, IL, USA) as described
by field [18].

(including one control) had moisture contents in the range of 61.14
to 62.35% in fresh condition (Table 1). The incorporation of carrot
powder did not significantly affect (p>0.05) moisture content of cooked
buffalo meat sausage. The control sample had 62.35% moisture content
while sausage sample with 5% carrot powder was found to have 61.63%
moisture content. The variation in moisture contents among the fresh
samples was due to different levels of carrot powder incorporated.
Generally samples with comparatively higher carrot powder showed
lower values of moisture content due to low moisture content of carrot
powder. Further the sausage samples were stored for a period of 30
days under refrigerated condition (0ºC) and the analysis was carried
out after every 5 days till the end of shelf life. During storage, the
moisture content of the sample with 5% carrot powder was found to
decrease from 61.63% to 53.34% as compared to 61.50 to 55.76% in
control sample (Table 1). The water holding capacity (WHC) of meat
is higher as compared to water holding capacity of vegetables due to
strong association of water molecule with Porphyrin ring in meat [19].
The regression analysis shows that moisture content of the different
samples was found to decrease continuously during storage period
(Figure 1). The fact was that the presence of dietary fibers in the carrot
powder reduced the moisture content by absorbing the water which
was no more available to the meat for the proper hydrophilic bonding,
required for the compaction of the sausage.

Effect on Ash content
The ash content of any food material shows its mineral matter i.e
micro and macronutrients. The cooked buffalo meat sausage samples
had ash content in the range of 2.3% (highest) in the sample with 5%

0th

5th

10th

15th

20th

25th

30th

CS 1

61.14

60.50

58.20

57.72

56.20

55.50

53.24

CS 2

61.50

60.30

60.42

59.28

57.60

55.32

53.67

CS 3

61.65

60.02

58.28

56.34

55.10

53.21

52.04

CS 4

62.35

62.20

62.10

61.76

59.38

57.46

55.76

CS 5

62.04

61.45

60.78

59.26

57.76

55.43

53.54

CS 6

61.87

60.24

59.02

57.86

56.13

55.23

53.22

CS 7

61.90

60.78

59.32

58.04

57.54

55.32

54.12

CS 8

62.12

61.33

60.24

59.22

58.35

57.56

55.24

CS 9

61.63

60.46

59.35

58.14

56.44

55.21

53.34

CS- cooked sausage (buffalo meat sausage)
1, 5 → 4.27% C.P 2, 6, 7 → 2.5% C.P 3, 8 → 0.73% C.P, 9 → 5% C.P, 4 →
0.0% C.P, 1, 3 → 28.54% W.F 4, 6, 9 → 25% W.F, 5, 8 → 21.46% W.F, 2
→ 30% W.F, 7 → 20% W.F (C.P—Carrot powder, W.F—White fat)
Table 1: Evaluation of moisture content of cooked buffalo meat sausage prepared
by taking different levels of fat and carrot powder during refrigerated storage (0ºC).
Eﬀect of refrigerated(0ºC) storage on moisture content of cooked buﬀalo meat
sausage incorporated with carrot powder

Results and Discussion
The moisture content is the important constituent of cooked
buffalo meat sausage and it is one of its physicochemical characteristics
which decide the important sensory attributes like juiciness of sausage
samples. Water also greatly affects the texture of foods, as can be seen
when comparing grapes and raisins (dried grapes), or fresh and wilted
lettuce [19]. It is also indicative of the shelf life of the product. The
results of moisture contents of different samples of cooked buffalo meat
sausages have been presented in Table 1. Total nine samples of sausages
J Food Process Technol
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Figure 1: Regression analysis of moisture content of cooked buffalo meat
sausage incorporated with carrot powder during refrigerated storage at 0ºC.
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carrot powder to 1.9% (lowest) in the sample without carrot powder in
fresh condition as represented in the Table 2. The sausage samples with
comparatively higher level of carrot powder had larger values of ash
content. The ash content of remaining samples was found in between
1.9-2.3%. The carrot powder did not significantly (p>0.05) affect the
ash content of cooked buffalo meat sausage (Figure 2). Further the
study conducted to evaluate the change in the ash content of buffalo
meat cooked sausage under refrigerated storage. It is clear from the
results that ash content did not increase in an absolute manner but an
apparent increase in the ash content with respect to moisture content
was observed in the sausage samples due to successive reduction in
the moisture content till the end of shelf life, as represented in Table
2. The positive value of slope explained the increment in the ash
content during storage period. The correlation coefficient explains
the correlation between ash content and storage days. The increasing
nature of ash content with storage period was perfect at R2=1. The
values of R2 for all the samples were found near to one which shows
that correlation is almost perfect and the graphs may be approximated
to straight line.

Effect on pH value
The pH value is the important physicochemical characteristic to
decide the quality and shelf life of cooked buffalo meat sausage developed
by incorporating different levels of buffalo white fat and carrot powder.
Total nine sausage samples (including one control) had pH values in
the range of 6.132 to 6.412 in fresh condition (Table 3). The control
sample was found to have pH value 6.325 and sausage sample with 5%
carrot powder had pH value 6.412. The incorporation of carrot powder
did not significantly (p<0.05) affect pH value of sausage samples. The
cooked buffalo meat sausage samples were incorporated with different
levels of buffalo white fat also along with carrot powder due to which the
sausage samples had comparatively higher pH values because of neutral
nature of buffalo white fat. Further the storage study was conducted till
the end of shelf life of product under refrigerated condition (0ºC) and
the analysis was carried out after every five days till the end of shelf life.
During storage, the sausage samples were found to have variation in the
pH values among sausage samples due to presence of different levels
of carotene imparted by incorporating carrot powder which basically
impart different levels of carotene content to the sausage samples. The
pH values of sausage samples were evaluated before and during the
refrigerated storage (0ºC). Sodium ascorbate (500 ppm) was added
as a natural preservative to check the oxidative deterioration of meat
fat i.e. to check undesirable fall in pH value [20]. Sausage sample with
21.46% fat content and 4.27% carrot powder show less reduction in the
pH value among all the nine samples including control. Generally, the
samples having higher amount of carrot powder show less reduction in
the pH value than the samples having lower amount of carrot powder
due to presence of several carotenoids (antioxidant compounds) in
carrot i.e. beta carotene(major carotenoid) which block the oxidation
of fat into fatty acids. The correlation coefficient values explain the
correlation between pH value and storage period. The decreasing
nature of pH with storage period was perfect at R2=1. The values of R2
for all the samples were found near to one which shows that correlation
is almost perfect and the graphs may be approximated to straight line.
The samples CS2, CS6, CS7, CS8, and CS9 show more accuracy in the
regression analysis i.e. having R2 value close to unity (Figure 3). Many
researchers show significant effect of vegetable or dietary fibre addition
on meat products with less decreasing effect on pH value compare to
control samples during storage period while Show no significant effect
of vegetable (carrot, radish, capsicum) addition observed on pH value
while working with mutton nuggets.
J Food Process Technol
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Effect on thiobarbituric acid (TBA) number
Thiobarbituric acid (TBA) number is important relevant
characteristics of meat product that indicates the degree of fat
oxidation state and later on stage rancidity of the cooked buffalo meat
sausages. The cooked buffalo meat sausages after preparation were
packed in combination film under atmospheric packaging systems.
The sausage samples contained sufficient fat and therefore samples
might be oxidized by atmospheric oxygen and may lead to develop
warm over flavor (WOF). The cooked buffalo meat sausage developed
Sample
code

Storage period ( No. of days)
0th

5th l

10th

15th

20th

25th

30th

CS 1

2.20

2.34

2.44

2.56

2.62

2.73

2.80

CS 2

2.05

2.10

2.15

2.25

2.34

2.52

2.63

CS 3

2.12

2.22

2.36

2.28

2.44

2.50

2.59

CS 4

1.90

2.03

2.25

2.15

2.30

2.45

2.56

CS 5

2.12

2.22

2.30

2.47

2.45

2.63

2.80

CS 6

2.10

2.22

2.28

2.44

2.40

2.45

2.57

CS 7

1.98

2.07

2.15

2.23

2.34

2.49

2.65

CS 8

2.04

2.17

2.22

2.33

2.36

2.53

2.78

CS 9

2.30

2.32

2.40

2.39

2.53

2.58

2.69

CS- cooked sausage (buffalo meat sausage)
1, 5 → 4.27% C.P 2, 6, 7 → 2.5% C.P 3, 8 → 0.73% C.P, 9 → 5% C.P, 4 →
0.0% C.P, 1, 3 → 28.54% W.F 4, 6, 9 → 25% W.F, 5, 8 → 21.46% W.F, 2
→ 30% W.F, 7 → 20% W.F (C.P—Carrot powder, W.F—White fat)
Table 2: Evaluation of ash content of cooked buffalo meat sausage prepared by
taking different levels of fat and carrot powder during refrigerated storage (0ºC).

Figure 2: Regression analysis of ash content of cooked buffalo meat
sausage incorporated with carrot powder during refrigerated storage at 0ºC.
Storage period ( No. of days)

Sample
code

0th

5th

10th

15th

20th

25th

30th

CS 1

6.302

6.288

6.102

6.013

5.997

5.987

5.90

CS 2

6.382

6.310

6.205

6.131

6.051

5.981

5.902

CS 3

6.132

6.276

6.241

6.180

6.150

6.102

5.982

CS 4

6.325

6.276

6.198

6.091

5.983

5.878

5.721

CS 5

6.322

6.271

6.220

6.118

6.103

6.083

6.035

CS 6

6.356

6.261

6.201

6.125

6.023

5.924

5.892

CS 7

6.363

6.258

6.180

6.076

5.983

5.865

5.793

CS 8

6.281

6.203

6.135

6.060

5.964

5.887

5.803

CS 9

6.412

6.331

6.243

6.171

6.082

6.010

5.893

CS- cooked sausage (buffalo meat sausage)
1, 5 → 4.27% C.P 2, 6, 7 → 2.5% C.P 3, 8 → 0.73% C.P, 9 → 5% C.P, 4 →
0.0% C.P, 1, 3 → 28.54% W.F 4, 6, 9 → 25% W.F, 5, 8 → 21.46% W.F, 2
→ 30% W.F, 7 → 20% W.F (C.P—Carrot powder, W.F—White fat)
Table 3: Evaluation of pH value of cooked buffalo meat sausage prepared by
taking different levels of fat and carrot powder during refrigerated storage (0ºC).
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Eﬀect of refrigerated (0 ˚C) storage on pH value of cooked buﬀalo meat sausage
incorporated with carrot powder
6.6

CS1

6.4

CS2

pH value

6.2
6

CS3

5.8

CS4

5.6

CS5

5.4

CS6

5.2

CS7

5
0

5

10

15

20

25

30

No. of days

CS8
CS9

Figure 3: Regression analysis of pH value of cooked buffalo meat sausage
incorporated with carrot powder during refrigerated storage at 0ºC.
Storage period ( No. of days)

Sample
code

0th

5th

10th

15th

20th

25th

30th

CS 1

0.115

0.125

0.138

0.158

0.169

0.195

0.205

CS 2

0.126

0.148

0.163

0.186

0.203

0.225

0.268

CS 3

0.129

0.150

0.168

0.187

0.210

0.243

0.270

CS 4

0.121

0.138

0.160

0.178

0.190

0.220

0.241

CS 5

0.093

0.104

0.120

0.129

0.143

0.161

0.176

CS 6

0.114

0.131

0.170

0.208

0.210

0.221

0.238

CS 7

0.120

0.131

0.147

0.158

0.170

0.191

0.208

CS 8

0.117

0.131

0.148

0.161

0.178

0.203

0.224

CS 9

0.132

0.152

0.180

0.210

0.228

0.253

0.283

CS- cooked sausage (buffalo meat sausage)
1, 5 → 4.27% C.P 2, 6, 7 → 2.5% C.P 3, 8 → 0.73% C.P, 9 → 5% C.P, 4 →
0.0% C.P, 1, 3 → 28.54% W.F 4, 6, 9 → 25% W.F, 5, 8 → 21.46% W.F, 2
→ 30% W.F, 7 → 20% W.F (C.P—Carrot powder, W.F—White fat)
Table 4: Evaluation of TBA number of cooked buffalo meat sausage prepared by
taking different levels of fat and carrot powder during refrigerated storage (0ºC).

of carrot powder. The probable reason of this behaviour was found due
to presence of antioxidants (β-carotene) component in carrot powder
which reduced the degree of fat oxidation. The correlation coefficient
values explain the correlation between TBA number and storage period
(Figure 4). The Similar results have also been observed while working
on buffalo meat loaves incorporating liver and vegetables (carrot and
potato) by Suresh devatkal et al. It was found no significant effect of
vegetable (carrot, radish, capsicum) on TBARS values while working
with mutton nuggets.

Conclusion
The cooked buffalo meat sausage prepared by incorporating
carrot powder improved the nutritional quality of the product due
to presence of antioxidants (carotenoids) and dietary fibers in carrot
powder. The carrot powder did not considerably affect the texture of
the product. Though it had a little effect on moisture content of the
product, it also did not create any hindrance in emulsion making. The
product may help to sausage lovers to reduce the risk of constipation,
cardio-vascular diseases, type-2 diabetes mellitus and colon cancer etc.
the shelf life of the product was found to be twenty one days under
refrigerated storage condition. The shelf life of the sausage was derived
from TBA number of the product.
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