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The present research was carried out in the Department of Livestock Products Technology, College of Veterinary Science, 
Tirupati, Andhra Pradesh, India during 2018–2019.The objective of this study was to assess the keeping quality of 

aerobically packed functional chicken sausages under refrigeration by using ground vegetable oilseeds on physico-chemical, 
proximate, microbiological and sensory properties of the product.Low-fat chicken sausages incorporated with three different 
ground vegetable oilseeds (poppy, sesame and peanut)  at 10% level were developed and analyzed for their keeping quality 
along with high fat control under aerobic packaging conditions kept at chilling (4±1°C) temperature until spoilage. The mean 
values of FFA, TBARS, Tyrosine, standard, psychrophilic, yeast and moulds plate count for all for sausages were significantly 
(p<0.05) influenced by formulation and storage period and were increased significantly (p<0.05) throughout storage period 
irrespective of the formulations, while formulation did not show any significant influence on pH. Regardless of formulation, 
coli forms, lactobacillus and anaerobic counts could not be detected in all sausages throughout storage period. Sensory attributes 
showed a significantly (p<0.05) decreasing trend for both control as well as low-fat chicken sausages throughout storage period. 
Formulation had no significant influence on sensory parameters of chicken sausages throughout the storage period but were 
significantly (p<0.05) influenced by storage period. Study concluded that all three ground vegetable oil seed are effective in 
checking the lipid oxidation and microbial growth and preserving sensory quality during the storage period and among them 
sesame seed paste was proved to be a preferred preservative. 
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1.   INTRODUCTION

In recent years the meat industry has evolved rapidly and 
new products have appeared, owing to the need to reduce 

costs and new consumer trends towards healthier products 
(Pintado et al., 2020). The fat content of meat formulations 
has been decreasing in order to develop meat products with 
an added nutritional value (Bennet et al., 2016,Yang et 
al., 2016). Because animal fat, often contains high levels 
of saturated fatty acids and cholesterol, which have been 
associated with obesity, hypertension, cardiovascular and 
coronary heart disease (Islamet al., 2019,Chernukhaet al., 
2015). Therefore, reduction of animal fat in meat products 
and substitution of animal fat with vegetable oils and dietary 
fiber could result in healthier meat products (Choi et al., 
2009). The main drawback of meat and its products is the 
absence of dietary fibre and the presence of saturated fat 
(Kausar et al., 2019). The incorporation of vegetable oilseeds 
in meat products may have a positive effect on consumer 
health as they are free of cholesterol and have a higher ratio 
of unsaturated to saturated fatty acids and (Choi et al., 2010, 
Pietrasik and Janz, 2010, Sanjeewa et al., 2010) dietary 
fiber. Dietary fiber has therapeutic effect on some human 
diseases such as colon cancer, obesity and cardiovascular 
diseases (Thebaudinet al., 1997). The incorporation of 
non-meat ingredients is not only necessary for nutrition but 
also for preventing nutrition-related disorders and for the 
mental-physical wellbeing of an individual (Kausar et al., 
2019). Therefore, addition of dietary fibers into processed 
meats has been considered a good strategy for enhancing 
the nutritional value of processed meats (Verma et al., 
2010). The fatty acid profile of meat and meat products can 
be changed by adding different lipids into meat products 
during processing (Arihara, 2006, Fruet et al., 2016). For 
this reason, nutritionists generally recommend a change in 
composition of the fat associated with meat products by 
substituting MUFA for saturated fatty acids (Zanardi et al., 
2000). Several studies have been carried out on processed 
meat products with reduced fat and cholesterol content on 
replacing animal fat with carbohydrates, proteins, fibers and 
vegetable oil seeds (Ayo et al., 2007, Vural, 2003).

Poppy, sesame and pea nut seeds are rich inmono and 
polyunsaturated fat which helps in lowering blood 
cholesterol.Poppy seed (Papaver somniferum) rich in 
protein and linoleic acid which helps in lowering blood 
cholesterol. Poppy seeds contain poly-phenols like tannic 
acid, ellagitannin that act as antioxidantsproperties (Sathish 
kumar et al., 2016). Sesame (Sesamum indicum L.) is one 
of the important oilseed crops and its oil has excellent 
nutritional, medicinal,cosmetic and cooking qualities for 
which it is known as ‘the queen of oils’(Ghosh etal., 2013). 
Sesame has the highest oil content of 46–64% (Sonia Shilpi 

et al., 2014). Sesame seeds contain lignans, sesamine, 
sesamoline and sesamol which have antioxidant activity and 
are very stable against oxidation deterioration (Peng et al., 
2015, Zhuang et al., 2016). Groundnut (Arachis hypogaea 
L.) is a popularly grown leguminous oilseed crop and it 
isa preferred source of edible oil due to monounsaturated 
fats which is good for heart patients. Groundnut is a rich 
sourceof protein andresveratrol flavonoid which provides 
numerous health benefits (Ramanjaneyulu et al., 2021). 
Peanut seeds rich in polyphenols, antioxidants, vitamins, 
minerals and bioactive materials (Asen et al., 2021, 
Maria et al., 2008). The goal of this study was to assess 
the keeping quality of functional chicken sausages under 
aerobic packaging refrigeration by using some of the ground 
vegetable oilseeds like poppy, sesame and ground nut as 
partial animal fat substitutes basing on physico-chemical, 
proximate, microbiological and sensory properties of the 
product.

2.   MATERIALS AND METHODS

The present research was carried out in the Department 
of Livestock Products Technology, College of 

Veterinary Science, Tirupati during months of November 
2018 to February 2019. Spent boiler breeder birds (females) 
of 72 weeks age were purchased from Chandragiri local 
market and were utilized for the present study.Other non-
meat ingredients like sugar, salt, garlic, onions, binder were 
purchased from local super market. Onions and garlic were 
peeled off and made a fine paste in the ratio of 3:1 with help 
of mixer grinder. Selected oilseeds like poppy, sesame and 
groundnut seeds were purchased from local super market.  
Three oilseeds were separately cleaned thoroughly, dry 
roasted in a pan and made in to paste and were used to 
incorporate as partial replacer of animal fat in formulation 
of low-fat sausages. The pastes were prepared freshly on 
the day of incorporation.

Preliminary trails were conducted to select the optimum 
level of three vegetable oilseeds as partial fat replacers in 
the standardization of low-fat spent broiler breeder hen 
sausages. Both low-fat and control chicken sausages were 
prepared according to the formulations (Table 1) in to 4 
batches that is, Control (15% chicken fat), T1 (5% chicken 
fat+10% PSE), T2 (5% chicken fat+10% SSP ) and T3 
(5% chicken fat+10% GSP ). The sausages were prepared, 
aerobically packed and were stored under refrigeration 
(4±1°C). Samples were analyzed regularly at 5 days interval 
for 20 days for evaluating their physico-chemical, microbial 
and organoleptic quality during storage period. 

2.1.  Analysis

The pH of the samples was determined by following the 
procedure of Jay (1964). FFA values were determined 
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Table 1: Formulations of low-fat chicken sausages fortified 
with optimum level of vegetable oil seed as fat replacer

Ingredient Control Low-fat sausages 
incorporated with 

vegetable oil seed as 
fat replacer

T1 T2 T3

Chicken meat (%) 85 85 85 85

Chicken fat (%) 15 5 5 5

Poppy seed paste (%) 0 10 - -

Sesame seed paste (%) - - 10

Groundnut seed paste 
(%)

- - - 10

Salt (%) 1.8 1.8 1.8 1.8

Sugar % 1 1 1 1

Polyphosphate (STPP) 
% 

0.3 0.3 0.3 0.3

Ice % 10 10 10 10

Dry spice mix % 2 2 2 2

Wet Condiment mix* 3 3 3 3

Binder (Maida) 3 3 3 3

* Onion : Garlic paste (3:1)

based on the procedure of Koniecko (1979). TBARS values 
were determined based on the procedure of Witte et al, 
(1970). Tyrosine value of stored samples was determined 
based on the procedure of Strange et al. (1977). All the 
microbiological parameters of standard, psychrophilic, 
yeast and moulds, coliform, lactobacillus and anaerobic 
plate counts were determined according to the methods 
described by Anonymous (2001). Sensory evaluation 
ofchicken meat sausages was done by using 9 point hedonic 
scale by a semi-trained six member taste panel. The cost of 
production for the preparation of low-fat chicken sausages 
(kg-1) was calculated by taking into account the cost of spent 
broiler breeder chicken meat, fat, vegetable oil seeds and 
other ingredients i.e. spice mix, condiments, binders and 
other processing charges. The data obtained in the present 
study was analyzed statistically by using methods outlined 
by Snedecor and Cochran (1980). 

3.   RESULTS AND DISCUSSION

3.1.  Effect of formulation and storage period (4±1°C) on 
physico chemical quality of low-fat chicken sausages 

3.1.1.  pH 

Mean pH values of sausages were affected by the 
formulation. Low-fat sausages differed significantly 
(p<0.05) from control sausages and highest pH values 

Table 2: Mean ± SE of pH values of low-fat chicken sausages 
as influenced formulation stored at refrigeration temperature 
(4±1°C)

Storage 
per iod 
(days)

Control 
sausages

Low-fat 
sausages 
with PSP

Low-fat 
sausages 

with  SSP

Low-fat 
sausages 

with GSP

0 6.31± 
0.004a1

6.32± 
0.005a1

6.31± 
0.009a1

6.32± 
0.005a1

5 6.47± 
0.001a2

6.44± 
0.016a2

6.43± 
0.011a2

6.44± 
0.009a2

10 6.57± 
0.013c3

6.62± 
0.006ad3

6.59± 
0.008cd3

6.61± 
0.015ad3

15 6.69± 
0.012a4

6.68± 
0.017a4

6.67± 
0.009a4

6.70± 
0.010a4

Means bearing same numerical superscripts in each column 
and same alphabetical superscripts in each row do not differ 
significantly (p<0.05); PSP: Poppy seed paste; SSP: Sesame 
seed paste; GSP: Groundnut seed paste

were observed in the control (Table 2). It might be due 
to greater fatty acid content and pH of vegetable oil seeds. 
The mean pH values of low-fat sausages were comparable 
with that of control up to 15 days of storage except sausages 
with SSP (B5) which differed significantly on 10th day of 
storage period. These findings are in accordance with Jo et 
al. (2018), Rindhe et al. (2009). Regardless of formulation, 
the mean pH values increased significantly (p<0.05) 
increased up to 15 days at refrigeration temperature at 4±10 

C. This increase in mean pH up to 15 days of storage might 
be due to concomitant increase in bacterial load which 
release metabolites during their metabolism and cause 
deamination of proteins (Jay, 1996, Ahmed and Shrivasta, 
2007). Low-fat chicken sausages revealed spoilage after 
15 days of refrigeration storage (4±1°C). Similar trend 
was observed by Lima et al., (2021) in chicken sausages, 
Oliveira et al. (2021) in chicken sausages and Khatun et al. 
(2022) in chicken nuggets.

3.1.2.  Free fatty acid value (FFA)

Free fatty acid content can be considered as an indicator 
for lipid oxidation and flavour of the product. The mean 
FFA values were influenced by formulation. Low-fat 
formulation recorded significantly lower FFA values than 
control throughout the storage period (Table 3). This 
might be due to low lipolysis and lipolytic enzyme activity 
in low-fat sausages, leading to low production of free 
fatty acids. This low lipolytic activity of low-fat sausages 
might be due to total phenolics, flavonoids present in 
vegetable oilseeds (Shagufta et al., 2013, Francisco and 
Resurreccion, 2008). Among low-fat treatments, sausages 
with SSP were found to have lower FFA values. This 
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Table 3: Mean ± SE of FFA values of low-fat chicken 
sausages as influenced by formulation stored at refrigeration 
temperature (4±1°C)

Storage 
period 
(days)

Control 
sausages

Low-fat 
sausages 
with PSP

Low-fat 
sausages 

with  SSP

Low-fat 
sausages 

with GSP

0 0.146± 
0.002c1

0.130± 
0.001b1

0.124± 
0.001a1

0.129± 
0.001ab1

5 0.192± 
0.005f2

0.154± 
0.004d2

0.142± 
0.002ab2

0.152± 
0.004cd2

10 0.246± 
0.002e3

0.218± 
0.002d3

0.177± 
0.001b3

0.185± 
0.001b3

15 0.269± 
0.006f4

0.247± 
0.003e4

0.213± 
0.002c4

0.225± 
0.002d4

Means bearing same numerical superscripts in each column 
and same alphabetical superscripts in each row do not differ 
significantly (p<0.05); PSP: Poppy seed paste; SSP: Sesame 
seed paste; GSP: Groundnut seed paste

Table 4: Mean±SE of TBARS values of low-fat chicken 
sausages as influenced by formulation stored at refrigeration 
temperature (4±1°C)

Storage 
period 
(days)

Control 
sausages

Low-fat 
sausages 
with PSP

Low-fat 
sausages 

with  SSP

Low-fat 
sausages 

with GSP

0 0.219± 
0.001b1

0.214± 
0.001ab1

0.210± 
0.001a1

0.216± 
0.003b1

5 0.381± 
0.002f2

0.325± 
0.001ed2

0.311± 
0.007d2

0.323± 
0.003e2

10 0.655± 
0.002e3

0.538± 
0.024d3

0.427± 
0.002c3

0.521± 
0.003d3

15 0.830± 
0.002g4

0.733± 
0.002f4

0.697± 
0.003d4

0.725± 
0.002e4

Means bearing same numerical superscripts in each column 
and same alphabetical superscripts in each row do not differ 
significantly (p<0.05); PSP: Poppy seed paste; SSP: Sesame 
seed paste; GSP: Groundnut seed paste

might be due to the ability of sesame to act as hydrogen 
donors and they are the primary antioxidants that react 
with free radicals (Elleuch et al., 2012). These results 
are in conformity with Kumari (2013) in chicken meat 
cutlets. Control sausages recorded significantly (p<0.05) 
higher FFA values than any other treatments. This could 
be attributed to the high fat content in control and also 
this difference can be attributed to the higher oxygen 
permeability in aerobic packaging. These results are in 
agreement with Malav et al. (2015) in mutton patties. The 
mean free fatty acid values (% oleic acid) of all treatments 
were increased significantly (p<0.05) with advancement of 
storage period irrespective of the formulation. This might 
be due to progressive oxidation of lipids during storage. 
Similar increase in FFA content during storage has also 
been reported by Rokib et al. (2019) in chicken sausages, 
Khatun et al. (2022) in chicken nuggets and Maheshwara 
et al. (2017) in fish sausages.

3.1.3.  Thio barbituric acid reactive substance value (TBARS)

Thio barbituric acid value is routinely used as an index 
of lipid oxidation in meat products in storage (Andres et 
al., 2006) and rancid flavours is initially detected in meat 
products between TBA values of 0.5 and 2.0 (Raharjo and 
Sofos, 1993). The mean TBARS values were influenced 
by formulation.Low-fat formulation recorded significantly 
(p<0.05) lower TBARS than control (Table 4). This 
might be attributed to anti-lipolytic and anti-oxidant 
effect of vegetable oil seeds (Shagufta et al., 2013).These 
results are in agreement with Karakaya et al. (2011). Low-
fat sausages with SSP recorded lower TBARS mean values 
than other treatments and control. This might be due to 

superior antioxidant activity of the tetra-nor triterpenoids 
and phenolic compounds in sesame (Khan at al., 2019). 
Similar pattern was reported by Kumari (2013) in chicken 
meat cutlets.Control sausages recorded significantly 
(p<0.05) higher TBARS values than any other treatments. 
Similar findings were reported by Naveen Kumar (2015) 
in novel chicken sausages.

Low-fatchicken sausages were spoiled after 15 days of 
refrigeration storage (4±1°C). Regardless of formulation, 
the mean TBARS values of chicken sausages increased 
significantly (p<0.05) with increased storage period. This 
might be due to progressive oxidation of lipids during 
storage. Several authors have suggested that fluctuations 
in the TBARS values observed during the storage time 
are likely to be associated with increased concentrations of 
highly polar products resulting from the polymerization of 
secondary oxidation products. The TBARS values of all 
treatments during entire storage period were well below 
the minimum threshold values of 1–2 mg kg-1 (Green and 
Cumuze, 1982) and no off flavours were detected in all the 
treatments throughout the storage period probably due to 
anti oxidant property of vegetable oilseeds. These findings 
are in agreement with Oliveira et al. (2021) in chicken 
sausages, Khatun et al. (2022) in chicken nuggets and 
Naveen et al. (2016) in duck meat sausages.

3.1.4.   Tyrosine value

Tyrosine values (mg/100 g) indicate protein break down 
during storage. Formulation influenced the mean tyrosine 
values of chicken sausages. Control sausages recorded 
significantly (p<0.05) higher tyrosine values than low-fat 
treatments (Table 5). Lower tyrosine values for treatments 
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Table 5: Mean±SE of tyrosine values of low-fat chicken 
sausages as influenced by formulation stored at refrigeration 
temperature (4±1°C)

Storage 
period 
(days)

Control 
sausages

Low-fat 
sausages 
with PSP

Low-fat 
sausages 

with  SSP

Low-fat 
sausages 

with GSP

0 0.498± 
0.005b1

0.467± 
0.007a1

0.450± 
0.007a1

0.466± 
0.006a1

5 1.030± 
0.02c2

0.976± 
0.017b2

0.966± 
0.01b2

0.968± 
0.02b2

10 1.244± 
0.022c3

1.213± 
0.02c3

1.196± 
0.03c3

1.20± 
0.01c3

15 1.788± 
0.02d4

1.55± 
0.01c4

1.401± 
0.01b4

1.543± 
0.01c4

Means bearing same numerical superscripts in each column 
and same alphabetical superscripts in each row do not differ 
significantly (p<0.05); PSP: Poppy seed paste; SSP: Sesame 
seed paste; GSP: Groundnut seed paste

Table 6: Mean±SE of standard plate count values of low-
fat chicken sausages as influenced by formulation stored at 
refrigeration temperature at (4±1°C)

Storage 
period 
(days)

Control 
sausages

Low-fat 
sausages 
with PSP

Low-fat 
sausages 

with  SSP

Low-fat 
sausages 

with GSP

0 2.95± 
0.004d1

2.85± 
0.01c1

2.74± 
0.010a1

2.81± 0.01b1

5 3.57± 
0.05d2

3.42± 
0.04c2

3.26± 
0.085b2

3.40± 0.05c2

10 4.73± 
0.01e3

4.59± 
0.020d3

4.39± 
0.092c3

4.58± 0.01d3

15 5.74± 
0.01e4

5.62± 
0.016d4

5.55± 
0.015c4

5.66± 0.01d4

Means bearing same numerical superscripts in each column 
and same alphabetical superscripts in each row do not differ 
significantly (p<0.05); PSP: Poppy seed paste; SSP: Sesame 
seed paste; GSP: Groundnut seed paste

might be due to the effect of anti-microbial property of 
added vegetable oil seeds. Among low-fat treatments 
sausages with SSP recorded significantly lower tyrosine 
values than any other treatments, which might be due to 
superior anti-microbial properties (sesamol, sesamolin and 
sesamin) of sesame seed such as (Castillo et al., 2018). 
Control sausages had significantly (p<0.05) higher mean 
tyrosine values than any other treatments. These findings 
are agreement with Biswas et al. (2017) in comminuted 
chicken products, and Dushyanthan et al. (2001) in mutton.

The tyrosine values of all formulations significantly (p<0.05) 
affected by storage period and were increased significantly 
with increased storage period. The major cause for increase 
in the tyrosine values might be due to proteolysis brought 
either by microbial growth or chemical reaction (Kowaleet 
al., 2005). These results are in agreement with Triki et al., 
(2018) in meat and Biswas et al. (2017) in poultry and fish 
muscles.

3.2.  Effect of formulation and storage period (4±1°C) on 
microbial quality of low   fat chicken sausages 

3.2.1.  Standard plate count

The mean standard plate counts of chicken sausages were 
significantly influenced by formulation. Low-fat sausages 
differed from control (p<0.05) significantly (Table 6). 
Lower aerobic counts were reported by Kim et al. (2011) 
in low-fat pork sausages and Nayak et al. (2011) in low-
fat nuggets than in control throughout the storage period. 
Among low-fat treatments, sausages with SSP recorded 
significantly (p<0.05) lower counts followed by GSP and 
PSP sausages. This indicates that all three vegetable oil 
seed pastes are effective in delay the microbial growth 

during the storage period and among them sesame seed 
was proved to be a preferred preservative ingredient. This 
might be attributed to superior antimicrobial effect of 
sesame seeds over groundnut and poppy seeds. Similar 
trend was reported by Bali et al. (2011) in chicken sausages. 
Control sausages had significantly (p<0.05) higher mean 
standard plate counts values than any other treatments. 
Similar observations were reported by Naveena et al. 
(2016) in chicken sausagesand Naveena et al. (2015) in 
emu meat.

Mean standard plate counts were influenced by storage 
period and increased significantly (p<0.05) as storage 
period advances irrespective of the formulation. This 
might be due to the permissive temperature and relative 
availability of moisture and nutrients for the growth of 
mesophilic bacteria and associated cross contamination 
(James et al., 2014). Similar trend was reported by several 
researches Maheshwara et al. (2017) in fish sausages 
Khatun et al. (2022) in chicken nuggets and Rokib et al. 
(2019) inchicken sausages.

3.2.2.  Psychrophilic plate count

Mean psychrophilic counts were non significantly (p>0.05) 
influenced by the formulation. However, low-fat sausages 
incorporated with vegetable oil seeds recorded lower counts 
than control (Table 7). This might be due to antimicrobial 
properties of oilseeds and low-fat. Similar tendency was 
reported by Amaral et al. (2015) in low-fat pork sausages. 
Sausages with SSP recorded lower counts followed by low-
fat sausages with GSP and PSP. This might be attributed to 
superior antimicrobial effect of sesame seeds over groundnut 
and poppy seeds. 
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Table 7: Mean±SE of psychrophilic counts of low-fat chicken 
sausages as influenced by formulation stored at  refrigeration 
temperature  (4±1°C)

Storage 
period 
(days)

Control 
sausages

Low-fat 
sausages 
with PSP

Low-fat 
sausages 

with  SSP

Low-fat 
sausages 

with GSP

0 ND ND ND ND

5 ND ND ND ND

10 ND ND ND ND

15 1.91± 
0.03c

1.72± 
0.03b1

1.56± 
0.04b1

1.65± 
0.04b1

Means bearing same numerical superscripts in each column 
and same alphabetical superscripts in each row do not differ 
significantly (p<0.05); PSP: Poppy seed paste; SSP: Sesame 
seed paste; GSP: Groundnut seed paste

Table 8: Mean±SE of yeast and mould counts of low chicken 
sausages as influenced by formulation stored at refrigeration 
temperature (4±1°C)

Storage 
period 
(days)

Control 
sausages

Low-fat 
sausages 
with PSP

Low-fat 
sausages 

with  SSP

Low-fat 
sausages 

with GSP

0 ND ND ND ND

5 ND ND ND ND

10 ND ND ND ND

15 1.25± 
0.05a1

1.17± 
0.04a1

1.13± 
0.05a1

1.14± 
0.04a1

Means bearing same numerical superscripts in each column 
and same alphabetical superscripts in each row do not differ 
significantly (p<0.05); PSP: Poppy seed paste; SSP: Sesame 
seed paste; GSP: Groundnut seed paste

Regardless of formulation, psychrophilic counts could not 
be detected up to 10 days of refrigerated storage in sausages 
due to more than a week of incubation period required by 
most of psychrophillic bacteria.  The mean psychrophilic 
counts of sausages increased significantly (p<0.05) as 
refrigerated storage progressed from 10 to 30 days. This 
might be attributed to growth preference of psychrophilic 
organisms during storage at refrigeration temperature. 
Increase in psychrophilic count during storage of low-fat 
chevon rolls was reported by Yadav and Sharma (2004). 
The same pattern is observed by Dhamaveer et al. (2007) 
in chevon sausages.

3.2.3.  Yeast and mould plate count

Mean yeast and mould counts were non significantly 
(p>0.05) influenced by the formulation. Low-fat sausages 
incorporated with vegetable oil seeds recorded lower counts 
than control (Table 8). This might be due to the anti-
microbial and anti-mycotic properties of oilseeds. Low-fat 
sausages with SSP recorded lower counts followed by 
sausages with GSP and PSP. These results are correlated 
with Nayak et al. (2011) who noticed lower yeast and mould 
counts in low-fat nuggets than control throughout the 
storage period. Yu et al. (2010) stated that the antimicrobial 
effect of peat nut skin extract in ground beef was less potent. 
Devendra Kumar and Tanwar (2010) observed loweryeast 
and molds counts throughout the storage period in chicken 
nuggets containing ground mustard than in control.  
Regardless of formulation, the yeast and mould counts 
were not recorded in any of the sausages up to 10 days of 
refrigeration storage which may be attributed to longer 
incubation period of most yeast and mould. Verma et al. 
(2016) also recorded the yeast and mould counts only after 
6th day of storage in chicken meat balls. The mean yeast and 
mouldcounts of sausages increased significantly (p<0.05) as 
refrigerated storage progressed from 15 to 30 days. Similar 

observations were reported by Rokib et al. (2019) in chicken 
sausagesand Khatun et al. (2022) in chicken nuggets.

3.2.4.  Coli form plate count 

Regardless of formulation, coli forms were not detected 
throughout the storage period in both control and low-
fatsausages. This might be due to strict hygienic condition 
and correct method followed during preparing and 
processing of sausages. These results are in agreement with 
Zargar et al. (2014) in chicken meat balls. 

3.2.5.  Lacto bacillus plate count

Regardless of formulation, lactobacillus counts were not 
detected in both control and low-fatsausages throughout 
the refrigeration storage period. Similar trend was reported 
by Babji et al. (2000) in minced goat meat and Menegas et 
al. (2012) in fermented chicken sausages. 

3.2.6.  Anaerobic plate count

Anaerobic counts could not be detected in any of the 
sausages throughout storage period. These results are 
correlated with Kandeepan et al. (2010) buffalo meat keema 
and Malav et al. (2015) in vacuum packed mutton patties. 

3.3. Effect of formulation, packaging and storage period 
(4±1°C) on sensory quality of low-fat chicken sausages

3.3.1.  Appearance

Incorporation of vegetable oil seed pastes as fat replacer 
in sausages did not significantly affect mean appearance 
scores (Table 9). Similar trend was reported by Kumar 
et al. (2011) in green banana and soya hull flour added 
chicken sausages.

The mean appearance scores significantly (p<0.05) 
influenced by the storage period and were decreased as 
storage period progresses irrespective of the formulation. 
The decrease in appearance scores of sausages with 
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Table 9: Mean±SE of appearance scores of low-fat chicken 
sausages as influenced by formulation stored at refrigeration 
temperature (4±1°C)

Storage 
period 
(days)

Control 
sausages

Low-fat 
sausages 
with PSP

Low-fat 
sausages 

with  SSP

Low-fat 
sausages 

with GSP

0 7.62± 
0.14a1

7.91± 
0.13a1

8.01± 
0.12a1

7.75± 
0.09a1

5 7.18± 
0.12a2

7.33± 
0.12ab2

7.56± 
0.12ab2

7.36± 
0.13ab1

10 6.40± 
0.10a3

6.43± 
0.11a3

6.47± 
0.12a3

6.45± 
0.13a2

15 5.91± 
0.15a4

5.93± 
0.17a4

6.19± 
0.15a3

6.09± 
0.18a2

Means bearing same numerical superscripts in each column 
and same alphabetical superscripts in each row do not differ 
significantly (p<0.05); PSP: Poppy seed paste; SSP: Sesame 
seed paste; GSP: Groundnut seed paste

Table 10 : Mean±SE of flavor scores of low-fat chicken  
sausages as influenced by formulation stored and refrigeration 
temperature (4±1°C)

Storage 
period 
(days)

Control 
sausages

Low-fat 
sausages 
with PSP

Low-fat 
sausages 

with  SSP

Low-fat 
sausages 

with GSP

0 7.54± 
0.11a1

7.73± 
0.12ab1

7.94± 
0.12b1

7.74± 
0.09ab1

5 7.34± 
0.12a1

7.36± 
0.13a1

7.45± 
0.11a2

7.38± 
0.13a1

10 6.04± 
0.14a2

6.05± 
0.16a2

6.09± 
0.14a3

6.06± 
0.13a2

15 5.65± 
0.16a3

5.78± 
0.11a2

5.84± 
0.15a3

5.81± 
0.14a2

Means bearing same numerical superscripts in each column 
and same alphabetical superscripts in each row do not differ 
significantly (p<0.05); PSP: Poppy seed paste; SSP: Sesame 
seed paste; GSP: Groundnut seed paste

Table 11 : Mean ± SE of juiciness scores of low-fat chicken 
sausages as influenced by formulation stored at refrigeration 
temperature (4±1°C)

Storage 
period 
(days)

Control 
sausages

Low-fat 
sausages 
with PSP

Low-fat 
sausages 

with  SSP

Low-fat 
sausages with 

GSP

0 7.52± 
0.11a1

7.75± 
0.12a1

7.86± 
0.13a1

7.66± 
0.10a1

5 7.11± 
0.19a1

7.23± 
0.15a2

7.25± 
0.15a2

7.27± 
0.18a1

10 6.18± 
0.16a2

6.23± 
0.12a3

6.55± 
0.15abc3

6.50± 
0.17ab2

15 5.65± 
0.14a3

5.79± 
0.13a4

6.04± 
0.20ab4

6.01± 
0.20ab3

Means bearing same numerical superscripts in each column 
and same alphabetical superscripts in each row do not differ 
significantly (p<0.05); PSP: Poppy seed paste; SSP: Sesame 
seed paste; GSP: Groundnut seed paste

advancement of storage period might be due to pigment 
and lipid oxidation (Bhat et al., 2011) and increased TBA 
values of samples (Tarladgis et al., 1960). Similar trend 
was reported by Oliveiraet al. (2021) in chicken sausages, 
Prathyusha et al. (2016) in chicken nuggets and Verma et 
al. (2015) in chevon patties.

3.3.2.  Flavour

The flavour scores were unaffected by the addition of 
vegetable oil seed pastes. Low-fat chicken sausages with 
sesame seed paste scored significantly (p<0.05) higher 
flavour scores others (Table 10). This might be due to 
acceptable nutty flavour of sesame seeds. The overall mean 
flavour scores were significantly (p<0.05) influenced by 
the storage period and were decreased as storage period 
progresses irrespective of the formulation.The significant 
decrease in flavour scores of sausages with advancement 
of storage period could be attributed to the increased lipid 
oxidation, liberation of FFA and increased microbial load 
with the advancement of storage period (Bhat et al., 2011) 
and increased TBA values of samples (Tarladgiset al., 
1960). Similar decrease in flavour scores during storage 
were reported by Rokib et al. (2019) inchicken sausages, 
Khatun et al. (2022) in chicken nuggets  and Verma et al. 
(2016) in chicken meat ball with cabbage.

3.3.3.  Juiciness

Formulation had no significant (p>0.05) affect on the 
mean juiciness scores of sausages. Low-fat sausages scored 
slightly higher than control which was non significant 
statistically (Table 11). High juiciness for low-fat sausages 
indicated that the fiber from vegetable oil seed paste 
retained the appropriate amount of moisture and fat to 

assure a juicy product. Similar findings were reported by 
Choi et al. (2012), reported in reduced-fat pork patties 
and Selani et al. (2016) in low-fat beef burgers. 

The mean juiciness scores were significantly (p<0.05) 
influenced by the storage period and decreased as storage 
period progresses irrespective of the formulation. Decrease 
in juiciness score might be attributed to the fact due to 
some loss of moisture from the product during storage. 
These findings are correlated with Rokib et al. (2019) 
inchicken sausages, Mir and Masoodi (2017) in meat balls 
and Khatun et al. (2022) in chicken nuggets.
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3.3.4.  Tenderness

The mean tenderness scores of sausages were not 
significantly (p>0.05) influenced by the formulation among 
low-fat treatments. Control sausages scored significantly 
lower values than low-fat treatments (Table 12). The 
present observations are in agreement with Naveen Kumar 
(2015) in novel chicken sausages. However, Peterssonetal.
(2014) reported lower texture scores for Chinese style 
sausage and meat balls incorporated with oats. 

The tenderness scores of sausages were significantly 
(P<0.05) influenced by the storage period and scores 

scores. The overall acceptability scores of sausages were 
significantly (p<0.05) influenced by the storage period 
and decreased as storage period increased irrespective of 
formulation. Decrease in overall acceptability might be 
the synergistic effect of declining scores for all sensory 
parameters. Similar pattern was reported by Rokib et al. 
(2019) inchicken sausages, Khatun et al. (2022) in chicken 
nuggets and Yadav et al. (2016) dietary fiber enriched 
chicken sausages.

Table 12: Mean ± SE of tenderness scores of low-fat chicken 
sausages as influenced by formulation stored at refrigeration 
temperature (4±1°C)

Storage 
period 
(days)

Control 
sausages

Low-fat 
sausages 
with PSP

Low-fat 
sausages 

with  SSP

Low-fat 
sausages 

with GSP

0 7.90± 
0.12a1

7.90± 
0.12a1

7.95±
0.12a1

7.79±
0.09a1

5 7.40± 
0.13a2

7.40±
0.13a2

7.46±
0.13a2

7.43±
0.13a1

10 6.51± 
0.15a3

6.51±
0.15a3

6.66±
0.17a3

6.64±
0.15a2

15 6.08± 
0.19ab3

6.08±
0.19ab3

6.18±
0.20abc4

6.00±
0.13a3

Means bearing same numerical superscripts in each column 
and same alphabetical superscripts in each row do not differ 
significantly (p<0.05); PSP: Poppy seed paste; SSP: Sesame 
seed paste; GSP: Groundnut seed paste

Table 13: Mean ± SE of overall acceptability scores of low-
fat chicken sausages as influenced by formulation stored at 
refrigeration temperature (4±1°C)

Storage 
period 
(days)

Control 
sausages

Low-fat 
sausages 
with PSP

Low-fat 
sausages 

with  SSP

Low-fat 
sausages with 

GSP

0 7.67±
0.10ab1

7.87±
0.12b1

7.79±
0.14ab1

7.90±
0.08b1

5 7.34±
0.13a1

7.36±
0.12a2

7.44±
0.16a1

7.39±
0.15a2

10 6.34±
0.20a2

6.49±
0.14a3

6.52±
0.14abc2

6.41±
0.17ab3

15 5.91±
0.15a2

5.98±
0.12a4

6.11±
0.15a2

6.01±
0.15a3

Means bearing same numerical superscripts in each column 
and same alphabetical superscripts in each row do not differ 
significantly (p<0.05); PSP: Poppy seed paste; SSP: Sesame 
seed paste; GSP: Groundnut seed paste

decreased significantly (p<0.05) as storage period progresses 
irrespective of the formulation. Decrease in tenderness 
might be due to loss of moisture and breakdown of fat 
and protein (Bhat et al., 2011) and subsequent reduction 
in pH and degradation of muscle fibre protein by the 
bacterial action (Jay, 1996), which resulted in decrease 
water-binding capacity during storage. Similar findings 
were reported by Oliveira et al. (2021) in chicken sausages 
and Naveen et al. (2016) in duck eat sausages.

3.3.5.  Overall acceptability

The mean overall acceptability scores of low-fat sausages 
and control sausages were significantly (p<0.05) influenced 
by the formulation (Table 13). Control sausages scored 
lower overall acceptability values than low-fat treatments. 
Andres et al. (2006) stated that low-fat chicken sausages 
had acceptable sensory scores with that of control. 
Although all the low-fat sausages had higher overall 
acceptability scores, they are comparable with the control 
which could be attributed to the higher flavour and textural 

4.   CONCLUSION

All the three ground vegetable oil seeds were found 
effective in checking the lipid oxidation, microbial 

growth and sensory quality during the storage period. 
Ground sesame seed was proved to be a preferred 
preservative and it had a definite advantage in preserving 
the sensory quality of chicken sausages over other two 
ground vegetable seeds. The low-fat chicken sausages 
along with high fat control were acceptable only up to 15 
under refrigerated storage at 4±1°C.
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