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Abstract
The experiments were conducted to deduce the effect of lactic acid fermentation and smoking on the pH of semidry 

fermented Buffalo meat sausage incorporated with different vegetable oils viz., Canola oil, Safflower oil and olive oil with 
levels of 15%, 20%, 25% individually. The aim was to replace the buffalo white fat with the different levels of vegetable oils 
(Canola oil, Safflower oil and olive oil) to make a product healthier for human beings as the taken vegetable oils contain 
good amount of monounsaturated fatty acids, polyunsaturated fatty acids, tocopherols, phytosterols and polyphenols. As the 
problems related to overdose of saturated fat become prevalent in the society particularly in urban people viz., cardiovascular 
diseases (atherosclerosis, arteriosclerosis), type-2 diabetes mellitus, polycystic ovary etc. Three samples with each vegetable 
oil were prepared by taking 15%, 20% and 25% substitution level in the laboratory. The fermentation of Buffalo meat sausage 
was performed with the bacterial strains of Lactobacillus plantarum MTCC 1407 and Lactobacillus brevis MTCC1750 in the 
batch process at 22°C temperature for 48 hrs. The Lactobacillus bacteria produced the lactic acid during the growth phase 
under optimum conditions which basically caused the reduction in the pH of sausage samples. The pH values of samples were 
found to reduce from 6.02 before fermentation to the 5.20 after the 48 hrs of fermentation process. A slight increase in the pH 
of samples was recorded after smoking. The pH value of the samples was found to decrease after the drying process which 
was done for 3-5 days for 70-80°Cs.
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Introduction 
Sausage is the most common meat product of European countries 

which actually originated from Mediterranean countries [1]. The people 
are very much attracted by variety of sausages in the world. Various 
types of sausages are continuously being consumed since a long by 
human civilisations as meat is the healthier source of protein and other 
minerals. Now a day’s people have become more health conscious i.e. 
they do not compromise with the safety of food at any cost. So, it becomes 
essential to make healthier meat products for the targeted consumers. 
Since a decade ago, the concept of functional meat product has now 
been introduced and several institutions are working to make healthier 
functional meat products. Out of the several methods, one way to add 
functional characteristics in the meat products is the fermentation of 
meat with lactic acid bacteria. The fermented sausage on the basis of 
Moisture-Protein Ratio (MPR) can be categorised as dry fermented 
sausage and semi dry fermented sausage. The most dominating meat 
fermentation bacteria are lactic acid bacteria and more specifically are 
Lactobacillus plantarum, Lactobacillus curvatus and Lactobacillus sakei 
[2]. The most promising bacteria for meat fermentation are indigenous 
microorganisms [3]. The most promising feature of lactobacillus 
bacteria is to produce bacteriocin which acts as antimicrobial peptides 
and enhance the aspects of food safety. There is a variety of bacteriocin 
that is produced by several lactic acid bacteria. Enterocin MMZ17 is one 
of class IIa bacteriocin, isolated from ‘‘Gueddid’’, a traditionally Tunisian 
fermented meat which is small and heat stable listeria active peptide 
[4] help to improve safety and shelf life of food products [5]. Lactic 
acid bacteria develop competitive environment to inhibit pathogenic 
microorganisms by producing variety of bacteriocin [6-8]. The other 
way to make safe and healthy meat products is the substitution or 
reduction of saturated fat with the vegetable oils. The low fat fermented 
sausages are healthier and suggested to vacuum package which thereby 
inhibit fat oxidation, prevent case hardening and improve appearance 

as well [9]. The biogenic amines viz., tyramine, 2-phenylethylamine and 
histamine that are formed during fermentation affect the sensory quality 
of fermented sausage [10]. Along with fermentation of meat, smoking 
methods are also being used to add functional or beneficial attributes 
in meat products. In this article, the effect of fermentation and smoking 
on buffalo meat sausage has been discussed along with reduction of 
animal fat with different vegetable oils viz., canola oils, safflower oil 
and olive oil (virgin). The people are trying to develop variety of meat 
products by improving their fatty acid profile [11]. The proportion of 
unsaturated fatty acids improving by incorporating the meat products 
with variety of vegetable oils [12-14]. The meat is a good source of 
proteins which is comparatively more bioavailable than any plant based 
proteins viz., soya protein. Among all the variety of meat, buffalo meat 
is most suitable for sausage making as it has better emulsion forming 
ability. Proteins are the building units of human body as it is composed 
of different types of amino acids which directly or indirectly play a vital 
role in human body metabolism. The human beings suffer with the 
various problems linked with the protein deficiency. So, it is mandatory 
to take good quality protein in appropriate quantity to compensate the 
need of body metabolism. There are various sources of protein viz., plant 
based protein and animal based protein. The animal based proteins 
are of superior quality. The most important attribute of any nutrient 
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is the bioavailability of nutrient to the human body i.e. the quantity of 
nutrient is not as effective as the availability of that particular nutrient 
to the human body. The bioavailability in case of animal protein is 
higher. So the meat is good choice to get protein for better body growth. 
The buffalo meat is proved superior to make sausage as it is having good 
emulsion making properties. But there is a problem of high fat content 
(saturated fat) associated with processed meat products which have to 
be substituted to make product healthier. The replacement of animal 
fat with the vegetable oil in the non-fermented meat product is easier 
than the same in fermented meat products. The reason behind the saga 
is when pH goes down the water starts to dissociate with the muscle 
cells which breaks the integrity of sausage network. That’s why it is a 
cumbersome task to reduce or replace the animal fat with the vegetable 
oil in fermented meat sausages. The vegetable oils increase the quality 
fatty acids in the fermented sausage which would automatically make 
the product healthier. The fatty acid profile of canola oil, safflower oil 
and olive oil is as below.

Materials and Methods 
Preparation of starter culture for fermentation

The lyophilised Bacterial strains of Lactobacillus brevis MTCC1750 
and Lactobacillus plantarum MTCC 1407 was procured from Imtech 
Chandigarh, Punjab (India). Each bacterial strain was grown in its 
respective broth media under optimum temperature (37°C) and 
humidity conditions for 24 to 48 hours inside the B.O.D incubator. 
After optimum growth the starter cultures were then stored at 4°C.

Preparation of fermented sausage samples

The fermented sausage samples (1.5 kg sample size) were prepared 
by mixing with different components viz., Lean meat, fat (10 to 30%), 
Mix spice (15 gm), salt (33 gm), condiments (40 gm), ice (100 gm), 
sodium nitrate (0.30 gm) and sodium ascorbate (0.75 gm) along with 
starter culture of Lactobacillus brevis MTCC1750 and Lactobacillus 
plantarum MTCC 1407. The animal fat was substituted by vegetable 
oils viz., canola oil, safflower oil and olive oil. All the ingredients were 
then chopped homogenously in bowl chopper for 30 minutes. After 
completing the mixing process, it then transferred to filling machine 
to fill in cellulose packaging for further processing. The fermentation 
was carried out inside B.O.D cum humidity chamber at 20 to 22°C for 
36 to 48 hours.

Smoking of fermented sausage samples

The sausage samples were smoked followed by fermentation 
inside the smoke house under controlled temperature and humidity 
conditions. The smoke was produced with burning of hard wood that 
carry a variety of nitrogenous compounds. The temperature of smoke 
was 70 to 80°C and the humidity was 80 to 90%.

Drying of smoked sausage samples

Drying is an important processing step that enhances the shelf life 
of fermented sausage. The smoked fermented sausage samples were 
dehydrated inside the drying chamber for 3 to 5 days to prepare semi-
dry fermented sausage with moisture protein ratio in the range of MPR 
greater than 2.3:1 but less than 3.7:1 [5]. The moisture loss and water 
activity vary in the range of 8 to 15% and 0.90-0.94 respectively [5].

Physicochemical analysis

The pH values of sausage samples at different processing stages were 

determined by Auto pH Meter of Biogen (Model No. BGS-319, S.R No. 
101804) in the Department of Post Harvest Engineering & Technology 
of Aligarh Muslim University, Aligarh. 

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 (2005).

Results and Discussion
Effect on pH value 

The pH value is the important physicochemical characteristic to 
decide the quality and shelf life of semidry fermented buffalo meat 
sausage developed by incorporated with different levels of vegetable 
oils. Total ten sausage samples (including one control) had pH values in 
the range of 6.02 to 4.46 during fermentation, smoking and drying of 
sausage samples. The control sample was found to have pH value in the 
range of 6.32 to 4.66. 

pH profile of sausage samples with canola oil substitution

The semidry fermented buffalo meat sausage samples incorporated 
with canola oil, source of unsaturated fatty acids, have different pH 
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Figure 1: Preparation of reduced fat semi-dry fermented buffalo meat 
sausage.
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values after fermentation, smoking and drying process. The buffalo 
white fat used in sausage samples was replaced with 15%, 20% and 
25% canola oil. Canola oil has a favourable composition of fatty acids 
(Figure 1).  The Canola oil basically composed of 6% saturated fatty 
acids and 94% unsaturated fatty acids, out of which 63% oleic acid (a 
monounsaturated fatty acid), 21% linoleic acid, 9% from alpha linolenic 
acid (a potentially beneficial plant omega-3 fatty acid”), and 7% 
saturated fatty acids. The triglyceride fraction of total lipid varies from 
94.40-99.10% and tocopherol content varies from 700 to 1200 ppm [15] 
which is the potent natural antioxidant. As shown in the Figures 2-4, 
the pH of sausage samples were found in the range of 6.02-6.18, 4.68-
5.15, 5.05-5.26 and 4.48-4.63 before fermentation, post-fermentation, 
post-smoking and post-drying respectively. In each and every level of 
substitution, the trend of pH variation is similar i.e. after fermentation; 
the pH is decreasing due to lactic acid fermentation and deposition of 
various organic acids. After fermentation smoking was performed in 
smoke house with the hard-wood smoke at 70 to 80°C temperature with 
80 to 90% humidity. It can clearly be seen from the figures that pH of 
sausage samples was increased due to presence of some nitrogenous 
compounds in the smoke. After smoking, the drying of sausage samples 
was performed which ultimately drops the pH of samples due to 
removal of moisture content which thereby increased the organic acids 
fraction in the samples.

pH profile of sausage samples with safflower oil substitution

The semidry fermented buffalo meat sausage samples incorporated 
with safflower oil, source of unsaturated fatty acids, have different pH 
values after fermentation, smoking and drying process. The buffalo 
white fat used in sausage samples were replaced with 15%, 20% and 
25% safflower oil. Safflower (Carthamus tinctorius L.) oil  is the good 
source of polyunsaturated fatty acids viz., tocopherol, and linoleic acid 
[16]. The safflower oil basically composed of 87.40-90.80% unsaturated 
fatty acids and 9.7-10.80 % saturated fatty acids, out of which 9.5-11.3% 
oleic acid (a monounsaturated fatty acid), 77.9 to 79.50% linoleic acid 
[17,18]. The amount of α-tocopherol in safflower oil is 192.05 to 439.64 
ppm [19]. As shown in the Figures 5-7, the pH of sausage samples were 
found in the range of 6.04 to 6.17, 4.67 to 4.93, 4.88-5.18 and 4.46-4.58 
before fermentation, post-fermentation, post-smoking and post-drying 
respectively. In each and every level of substitution, the trend of pH 
variation is similar i.e. after fermentation; the pH is decreasing due to 
lactic acid fermentation and deposition of various organic acids. After 
fermentation smoking was performed in smoke house with the hard-
wood smoke at 70 to 80°C temperature with 80 to 90% humidity. It 
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Figure 2: pH profile of sausage samples with 15% canola oil substitution.
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Figure 3:  pH profile of sausage samples with 20% canola oil substitution.
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Figure 4: pH profile of sausage samples with 25% canola oil substitution.
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Figure 5: pH profile of sausage samples with 15% safflower oil substitution.

can clearly be seen from the figures that pH of sausage samples was 
increased due to presence of some nitrogenous compounds in the 
smoke. After smoking, the drying of sausage samples was performed 
which ultimately drops the pH of samples due to removal of moisture 
content which thereby increased the organic acids fraction in the 
samples.

pH profile of sausage samples with olive oil substitution

The semidry fermented buffalo meat sausage samples incorporated 
with olive oil, source of unsaturated fatty acids, have different pH 
values after fermentation, smoking and drying process. The buffalo 
white fat used in sausage samples were replaced with 15%, 20% 
and 25% olive oil. Olive (Olea europaea L.) oil is the good source of 
monounsaturated fatty acids particularly oleic acid and it is also rich in 
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activity [21]. The oleic acid also helps the human body to fight against 
oxidative distress. The olive used in the experiment was extra virgin 
olive oil which was obtained through mechanical cold press method 
hence no chemical residue present in the olive oil. As depicted in the 
Figures 8-10, the pH of sausage samples were found in the range of 
6.08-6.15, 4.97-5.1, 5.18-5.24 and 4.46-4.63 before fermentation, post-
fermentation, post-smoking and post-drying respectively. In each and 
every level of substitution, the trend of pH variation is similar i.e. after 
fermentation; the pH is decreasing due to lactic acid fermentation and 
deposition of various organic acids. After fermentation smoking was 
performed in smoke house with the hard-wood smoke at 70 to 80°C 
temperature with 80 to 90% humidity. It can clearly be seen from the 
figures that pH of sausage samples was increased due to presence of 
some nitrogenous compounds in the smoke. After smoking, the drying 
of sausage samples was performed which ultimately drops the pH of 
samples due to removal of moisture content which thereby increased 
the organic acids fraction in the samples.

Conclusion
The reduced fat semi-dry fermented buffalo meat sausage prepared 

by substituting buffalo white fat with vegetable oils to improve the fatty 
acid profile and nutritional quality of the product. The vegetable oils 
used are rich in monounsaturated fatty acids, polyunsaturated fatty 
acids and natural antioxidants viz., oleic acid, linoleic acid, tocopherols, 
phytosterols etc. The experiments were conducted to observe the effects 
of vegetable oils on the quality of semidry fermented Buffalo meat 
sausage samples which ultimately be reflected in terms of pH profile 
during preparation of samples. There was no significant influence of 
different vegetable oils detected individually during fermentation, post-
fermentation, post-smoking and post-drying. All the samples were 
found good in terms of pH profile during processing stages.
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