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Abstract
Low-fat meat products are getting worldwide acceptance nowadays. Pork based 
meat product, low-fat pork sausage was developed with the incorporation of olive 
oil, dried apple pulp, and pomegranate seed powder. The product was prepared 
following a standardized procedure and stored at 4 ± 1ᵒC for 12 days. Proximate 
composition and sensory attributes were analyzed during the storage period. 
Average values observed for traditional pork sausage (T1) were moisture-47.9%, 
protein-24.72%, fat-25.18%, and total ash-2.37% on 1st day. For the low fat pork 
sausage (T2), it was 50.63% (moisture), 23.87% (protein), 23.03% (fat) and 2.42% 
(total ash). No significant (p>0.05) difference could be observed in proximate 
composition values during the storage period. Sensory parameters studied were 
indicating that low-fat pork sausage (T2) was more acceptable to sensory panelists 
than the traditional pork sausage (T1) and low fat pork sausage (T2) was ranked 
very good throughout the storage period. Meat products may help to open a new 
window to the snack food market in developing and underdeveloped countries.
Keywords:   Low fat pork sausage; Traditional fat pork sausage; Apple pulp; 
Pomegranate seed
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Introduction
In the World, nearly two-thirds of the deaths that occurred in 
the global population were due to non-communicable diseases 
Cardiovascular Diseases (CVD), cancer, diabetes, and chronic 
lung disease [1]. However, the incidence of these diseases can 
be reduced by changing behavioral risk factors (eg. tobacco 
and alcohol consumption) and by promoting a healthy diet and 
physical activity. A healthy and balanced diet provides different 
nutrients needed to meet metabolic requirements and is 
therefore important for proper nutrition [2]. However, meat and 
meat products also contribute to the intake of fat, Saturated Fatty 
Acids (SFA), cholesterol, salt, and other substances that can have 
negative health implications, depending on a variety of factors 
and pathophysiological circumstances. Thus, it is essential to 
be familiar with the composition, nutritional value, and health 
implications and the availability of different strategies to optimize 
the presence of bioactive compounds to produce healthier low 
fat pork sausage. Pork is considered to be an excellent source of 
B-complex vitamins. Meat products are a poor source of fiber; 
fortification by using fiber-rich fruits and fruits by-products may 
improve the fiber content of functional meat products. According 
to Dietary Guidelines for Americans (2010), dietary fibers are 
under-consumed by most adults indicating that fiber fortification 
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in meat products could have health benefits. Dietary fibers in 
meat products have other advantages such as fat replacement, 
increased water holding capacity, and improved oxidative 
stability when the fiber source is associated with phenolic 
antioxidants [3]. Apple and pomegranate seeds are a rich source 
of dietary fiber. Thus the use of dietary fiber for its technological 
properties and health benefits opens up interesting possibilities 
in functional meat product development [4]. This dietary 
fiber has been added as a fat replacer and/or as a functional 
ingredient. These fruits derivatives rich in natural antioxidants 
(eg: flavonoids and phenolic compounds) have also been used 
to enhance the oxidative stability of pork sausages. These plant-
derived compounds also have anti-inflammatory and anticancer 
activities and exhibit antimicrobial activity [5]. Different type’s 
vegetable oils such as olive oil, cottonseed oil, corn, soybean, 
peanut, marine oils such as fish and algae, or combinations 
thereof, have been used to replace animal fat in meat products 
[6]. Incorporation of healthier oils results in an acceleration of 
lipid oxidation reactions with reduction of shelf life and loss of 
sensorial and nutritional properties.

Ready to eat value-added meat products are capturing the market 
due to the convenience as well as a day-to-day fast lifestyle of 
today’s world. At the same time, consumers are equally aware of 
the food quality and safety related to human health. Hence, the 
meat industry is in the continuous process of developing better 
meat products enriched with fiber and anti-oxidants along with a 
better shelf-life of the products. As we know, meat is a zero fiber 
product, adding fibers add to the quality of meat products. Low-
fat products that meet the nutritional criteria, taste expectations 
and convenience are in demand due to the changing lifestyle of 
people nowadays. Pork can be a part of a healthy diet. Processed 
meats are convenient but considered to be high-fat foods. 
Therefore currently the focus has been given to employing 
various approaches for the reduction of fat in the formulation of 
meat products with acceptable flavor and texture. The microbial 
stability and safety of most traditional and novel foods are based 
on a combination of several factors [7]. The present study was 
undertaken to develop low fat and high fiber-rich functional 
pork sausage through the replacement of pork fat with olive oil, 
apple pulp, and pomegranate seed powder. Their effect on the 
proximate composition and sensory qualities were studied.

Materials and Methods
Preparation of meat products
The pork meat was purchased from the freshly slaughtered 
Yorkshire pig carcasses of about 10 months to 1 year of age from 
the Aizawl market. The meat cuts were brought into the laboratory 
in polyethylene bags and were trimmed off the external fat. The 
deboning of the cuts was carried out and back fat and other 
fats were separated from the lean meat. The meat was cut into 
uniform size to mince it. Natural casings were used for product 
making and casings were prepared in the laboratory from goat 
intestine. Edible olive oil was purchased from the Aizawl market. 
Apple and pomegranate were purchased from the local market. 

Apple was washed properly, cut into thin slices, and then dried 
in a hot air oven at 70ᵒC overnight. Likewise, pomegranate seeds 
were taken out and dried overnight in a hot air oven at 70 C. 
Both the dried products were ground properly in a mixer grinder, 
sieved, and kept in airtight containers for further use. External 
coverings of the onion and garlic were peeled off, weighed, and 
taken in the ratio of 3:1. They were cut into smaller bits and 
blended into a fine paste and were used in the formulations. The 
spice-mix formula suggested by Hazarika was followed (Table 1) 
[8]. Spices were oven-dried at 50ᵒC for 3 hrs and were ground in 
a grinder and sieved through a fine mesh. The fine powder was 
weighed and taken into the required ratio for the preparation 
of the spice mixture, which was store in airtight container for 
further use.

Table 1: Composition of the spice mixture.

Spice ingredients Percent of mixture
Anise seed (Soant) 10

Black pepper (Kali mirch) 5
Capsicum (Mirch) 10
Caraway (Ajwain) 10

Cardamom (Elaichi) 4
Cinnamon (Dalchini) 4

Cloves (Laung) 2
Corriander (Dhania) 15

Cumin (Zeera) 20
Dry ginger (Sont) 10
Turmeric (Haldi) 10

Total 100

Control and treatment pork sausages were prepared by using 
ingredients as presented in Table 2. Meat chunks and fat 
were minced in a meat mincer. During mincing/chopping, the 
temperature was maintained around refrigeration temperature. 
Lean meat, pork fat, olive oil, dried apple pulp powder, dried 
pomegranate seed powder was added at various levels for 
different treatments during chopping of meat in bowl chopper 
along with other ingredients. The batter was transferred to a 
stuffer for filling into a natural casing; the encased mass was 
twisted and manually drawn together to form links and to form 
cylindrical loops. Sausages were cooked at 80°C for 20 minutes 
in water and smoked in an artificial smoking unit (Kerres 
Showsmoker CS 350 EL) for 20 minutes.

Table 2: Ingredients % for the preparation of control and treatment of 
pork sausages.

Ingredients T1 T2
Pork lean meat 80% 80%

Pork Fat 10% 0
Olive oil 0 6%

Dried apple pulp powder 0 2%
Dried pomegranate Seed powder 0 2%

Condiments 
(Onion and Garlic, 3:1) 2.5% 2.5%
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Dried spice mix 1% 1%
Common Salt 1.5% 1.5%

Ice water 5% 5%

Two treatments were prepared, namely, T1: Smoked pork sausage 
incorporated with 10% pork fat. Sausage batter was in the form 
of an emulsion. T2: Smoked pork sausage incorporated with 6% 
olive oil, 2% of each dried apple pulp powder, and pomegranate 
seed powder. Sausage batter was in the form of an emulsion. The 
samples were aerobically packed and sealed in LDPE and kept 
under a domestic refrigerator at 4 ± 1ᵒC for 12 days and were 
analyzed for different physicochemical and sensory parameters 
at periodic intervals. 

Physico-Chemical Parameters
Proximate composition
Proximate composition, namely, moisture, protein, fat, and total 
ash percent of samples were determined by standard methods 
described by AOAC [9].

Organoleptic Evaluation 
Sensory evaluation
A semi-trained taste panel consisting of faculty members and 
postgraduate students of the department of livestock products 
technology evaluated the samples for the sensory attributes of 
appearance, flavor, texture, juiciness, and overall acceptability 
using an eight-point descriptive scale [10], where 8=excellent 
and 1=extremely poor. The sensory evaluation room was air-
conditioned at 20 ± 2ᵒC, with Relative Humidity (45-55) percent 
and shadow-free illumination at (70-100) foot candles. The 
sensory evaluation was conducted late afternoon [11]. During the 
evaluation, there was strict prohibition in the interaction among 
panelists. The test samples were presented to the panelists after 
assigning the suitable codes. Samples were preheated in the 
microwave and then serve to the panelists along with a glass of 
water to rinse their mouth on tasting the product samples.

Statistical analysis
Data were analyzed statistically on the “SPSS-16.0” (SPSS Inc., 
Chicago, II USA) software package as per standard methods 
[12]. Duplicate samples were drawn for each parameter and 
the whole set of experiments was repeated three times to have 
n=4 observations for all parameters. The data were statistically 
analyzed by two-way ANOVA at the 5 percent level (p<0.05) and 
evaluated with Duncan’s Multiple Range Test.

Results and Discussion
Proximate composition
Results in Table 3 showed the moisture content of traditional 
pork sausage (T1) and the low fat pork sausage (T2) were non-
significant (p>0.05) difference during the storage period, but a 
significant (p<0.05) difference could be observed between T1 
and T2. The higher moisture content of low-fat pork sausage (T2) 
may be due to the presence of apple pulp and pomegranate seed 
powder rich in fiber. A similar finding was also recorded by Bose 
et al., that cracker biscuits treated with fiber-rich chickpea husk 
as a result increased moisture content [13]. 

The protein content of low-fat pork sausage (T1) was significantly 
(p<0.05) lower than the traditional pork sausage (T2), but a non-
significant (p>0.05) change in protein (for both T1 and T2) were 
found during the storage period. The lower protein value of low-
fat pork sausage (T2) may be due to the presence of non-meat 
ingredients when compared with traditional pork sausage (T1). 
Similar findings were reported by Huang et al., incorporated with 
wheat fiber, oat fiber, and inulin in Chinese-style sausages [14].

The fat content of low-fat pork sausage (T2) was significantly 
(p<0.05) lower than the traditional pork sausage (T1), but a 
non-significant (p>0.05) change in fat (for both T1 and T2) were 
found during the storage. The lower fat value of low-fat pork 
sausage (T2) may be due to pork fat replaced with olive oil, 
apple pulp, and pomegranate seed powder. Similar findings also 
report by Thomas et al., where pork nuggets incorporating with 
kordoi (Averrhoa carambola) fruit juice and bamboo (Bambusa 
polymorpha) shoot extract decreases the fat content [15].

A significantly higher (p<0.05) total ash content was observed for 
low-fat pork sausage (T2) as compared to traditional pork sausage 
(T1), it can be due to the use of apple pulp and pomegranate seed 
powder for preparation of pork sausage, but a non-significant 
(p>0.05) change in total ash (for both T1 and T2) were found 
during the storage. The findings of the present study that is 
increased total ash content are similar to the findings of Yadav 
et al., chicken sausages incorporated with wheat bran and dried 
carrot pomace resulted in the increase of total ash content [16].

Mean ± S.E with different superscript(s) in a column differs 
significantly (P<0.05), (n=4); T1: Smoked pork sausage 
incorporated with 10% pork fat. Sausage batter was in the form 
of emulsion, T2: Smoked pork sausage incorporated with 6% olive 
oil, 2% of each dried apple pulp powder, and pomegranate seed 
powder. Sausage batter was in the form of an emulsion.

Days
Moisture Protein Fat Total ash

T1 T2 T1 T2 T1 T2 T1 T2

1st 47.91
 ± 0.038a

50.63
 ± 0.013c

24.72
 ± 0.015b

23.87
 ± 0.018a

25.18
 ± 0.004d

23.03
 ± 0.006b

2.37
 ± 0.004a

2.42
 ± 0.006b

12th 47.51
 ± 0.054a

50.11
 ± 0.020c

23.39
 ± 0.017d

22.19
 ± 0.006a

25.15
 ± 0.002d 22.54 ±  0.008b 2.36 ±  0.006b 2.43 ±  0.004c

Table 3: Proximate composition (%) of pork sausage.
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Sensory evaluation
Table 4 showed the sensory evaluation parameters were 
analyzed at different intervals from 1st day to the 12th day. Sensory 
evaluation studies indicated that low-fat pork sausage (T2) was 
preferred over traditional pork sausage (T1) for parameters like 
color and appearance, flavor, texture, and overall acceptability 
with a significant difference (p<0.05), but juiciness significantly 
lower in case of low-fat pork sausage (T1) compared to traditional 
pork sausage (T2) in 12th-day storage. Low fat pork sausage (T1) 
flavor intensity significantly higher (p<0.05) score was observed 
as compared to traditional pork sausage (T2). The same trend 
was observed throughout the study period (1st, 5th, 7th, 10th, and 
12th days). Overall acceptability values indicated that low fat 
pork sausage (T1) had scored the highest score in between very 
good and extremely acceptable whereas traditional pork sausage 
(T2) in between good/moderately acceptable to very much 
acceptable. Similar findings were also recorded by the Verma et 
al., in low-fat chicken nuggets treated with apple pulp and Kaur 
et al., in chicken nuggets treated with pomegranate seed, grapes 
seed, and tomato powders [17,18].

Mean ± S.E with different single capital letter superscript(s) in 
a column differ significantly (p<0.05), (n=4); T1: Smoked pork 
sausage incorporated with 10% pork fat. Sausage batter was in 
the form of emulsion, T2: Smoked pork sausage incorporated 

with 6% olive oil, 2% of each dried apple pulp powder, and 
pomegranate seed powder. Sausage batter was in the form of an 
emulsion.

Conclusion
Low fat pork sausage (T1) could be manufactured with olive 
oil and without added animal fat. The low-fat pork sausage 
would be highly desirable from a diet/health standpoint as they 
contain monounsaturated vegetable oil, have a lower caloric 
value, reduced cholesterol, and higher protein content. Storage 
studies conducted indicated that proximate composition is not 
affected at 4 ± 1ᵒC for 12 days of domestic refrigeration storage. 
Sensory attributes of low-fat pork sausage were rated in between 
extremely acceptable to very good. Ready to eat pork-based 
functional snacks are a good alternative to junk foods which are 
currently dominating the snack food industry. Meat products 
may help to open a new window to the snack food market in 
developing and underdeveloped countries.
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1st day 5th day 7th day 10th day 12th day

Colour and 
appearance

T1 6.76
 ± 0.006abA

6.73
 ± 0.006abB

6.50
 ± 0.006aAB

6.40
 ± 0.006aC

6.30
 ± 0.010aD

T2 6.95
 ± 0.006abA

6.90
 ± 0.006cB

6.80
 ± 0.006bAB

6.78
 ± 0.004bC

6.75
 ± 0.006bD

Flavor

T1 6.65
 ± 0.006abA

6.58
 ± 0.004abB

6.50
 ± 0.006abAB

6.40
 ± 0.006abC

6.30
 ± 0.010abD

T2 7.23
 ± 0.008bA

6.90
 ± 0.003bB

6.78
 ± 0.004bAB

6.70
 ± 0.008bC

6.65
 ± 0.008bD

Texture

T1 6.45
 ± 0.006aA

6.40
 ± 0.010aAB

6.38
 ± 0.006aAB

6.36
 ± 0.008bAB

6.30
 ± 0.006aB

T2 6.91
 ± 0.008abA

6.88
 ± 0.004cAB

6.75
 ± 0.006abAB

6.70
 ± 0.008cB

6.62
 ± 0.047bC

Juiciness

T1
6.98

 ± 0.004abA 6.75
 ± 0.006aAB

6.68
 ± 0.006abAB

6.62
 ± 0.006abAB

6.58
 ± 0.009aB

T2 7.05
 ± 0.028abA

6.76
 ± 0.008cB

6.60
 ± 0.008abAB

6.55
 ± 0.004abC

6.50
 ± 0.008bD

Overall 
acceptability

T1 6.73
 ± 0.006abA

6.70
 ± 0.008abAB

6.50
 ± 0.008abB

6.20
 ± 0.008abC

6.04
 ± 0.032abD

T2 7.18
 ± 0.008bA

7.10
 ± 0.006aB

7.06
 ± 0.006abAB

7.03
 ± 0.002bC

7.01
 ± 0.006bD

Table 4: Sensory evaluation of pork sausage.
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