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Abstract

The present study aimed to develop and evaluate certain physicochemical and organoleptic qualities of
duck meat sausages by incorporating three different levels of roasted foxtail millet flour (FTMF) (5%,
10% and 15%). The emulsion stability (ES) and the cooking yield (CY) increased significantly (p<0.01)
with the addition of FTMF. The results for the pH of the products differed significantly (p<0.01) between
the control and treated formulations during the entire storage period. The water activity (aw) and the
Thiobarbituric Acid Reactive Substance (TBARS) values decreased significantly (p<0.01) with the
addition of FTMF. The results for the water holding capacity (WHC) showed the highest value for the
sample with 15% FTMF. During storage at refrigeration temperature (4+1 °C), the pH, aw and WHC
showed a decreasing trend with the increase in storage period. However, the TBARS values increased
significantly (p<0.01) up to 15 days of storage. The sensory scores for all attributes at a 5% level of
FTMF incorporation were quite comparable with the control. Based on the findings, it was concluded
that value-added, nutritionally balanced duck meat sausages could be made with 15% FTMF without
adversely affecting their quality. It was acceptable for 15 days when stored under aerobic packaging and
at refrigeration temperature (4+1 °C). However, among the treated products, duck meat sausages with a
5% level of foxtail millet flour were the best in terms of overall quality parameters.

Keywords: Foxtail millet flour, duck meat, sausages, physico chemical, sensory qualities

1. Introduction

Duck meat is a crucial food source in rural areas, particularly in South East Asia. In India,
ducks are mainly concentrated in the Eastern, North-eastern and Southern states. Assam is one
of the leading North-Eastern states regarding duck population and meat consumption.
Although there is a greater demand for poultry meat than other animals, duck meat is
consumed much lower than chicken meat. Additionally, duck meat has a stronger gamey
flavour and more fat (13.8 percent) than chicken, so it may be less popular with consumers
(Biswas et al., 2019) [“. However, the North-Eastern region of the nation has a high
acceptance of duck meat.

Although meat contains a high amount of nutrients, it is highly susceptible to deterioration
caused by microbes and enzymatic activity unless processed into a form that can be ingested or
stored. The meat can be processed into sausages, burgers, and meatloaf to enhance the flavour,
lengthen shelf life, and add value. By increasing the consumption of various value-added
products, rural farmers can also raise ducks with good returns. Processed food items are
becoming more popular due to the shifting socio-economic environment.

Health issues related to the fat content of foods have received a great deal of attention. Eating
red meat and meat products is hampered by associated health issues such as colon cancer,
cardiovascular disease and diabetes (Battaglia et al., 2015) @, Also, many processed foods,
including meat products, are deficient in fiber. Fiber-enriched meat products can help prevent
coronary heart disease, diabetes, irritable bowel disease, obesity, and other diseases.

Various plant and animal sources are used extensively in ground meat systems as binders,
fillers and extenders to extend the shelf life of meat products, improve quality and nutritional
profile, and minimize cost of production. On the other hand, fiber can be effectively
incorporated into processed meat products, for example, as binders, extenders, and fillers.
They can significantly replace the harmful fat components of the meat product and thus
increase acceptance by improving the nutritional profile, economic benefits and many physico-
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chemical parameters of the end products.

Foxtail millet (Setaria italica) is one of the most significant
food crops of the semiarid tropics, which is free of gluten, low
in fat (4%) and high in protein (11%) and dietary fiber (6.7%)
(Talukder & Sharma, 2014) B9, In Assam, foxtail millet is
called "Koni Dhan" locally. As a diabetic food, foxtail millet
was recognized for its value. Numerous macro and
micronutrients are found in millets, including various
phytochemicals such as phytosterols, phenolic acids, and
lignans (Muthamilarasan et al., 2016) [8l. Using millet in
meat products can balance the enormous demand and supply
of affordable, wholesome, and healthful meat items (Talukdar
& Sharma, 2015) 31, Given the proper treatment with natural
preservatives, the foxtail millet fortified meat sausage might
be a novel product for consumers concerned about their
health.

2. Materials and Methods

2.1Collection of raw materials

Hygienically slaughtered and de-feathered (Not Yet Dressed)
carcasses of local ducks (Pati duck) of the same age group
were purchased from poultry meat traders at the nearby
market and immediately brought to the laboratory of the LPT
Department of College of Veterinary Science, Khanapara.
The carcasses were then properly dressed in the laboratory
and preserved at -20 °C temperature until use. Good quality
foxtail millet was purchased from the supermarket. To
prepare the foxtail millet flour, the purchased millet was
cleaned and roasted well and then ground into fine flour with
the help of a mechanical grinder.

2.2 Preparation of duck meat sausages

Deboning of the carcasses was done within three hours of
slaughter. Then, liver, heart, gizzard, skin and visceral fat
were harvested and packed in polyethylene bags before being
put at a chilling temperature (4 °C). The required quantity of
lean meat was packed separately in food-grade polyethylene
bags and then stored at 4+1 °C temperature for 24 hours. The
deboned duck meat, the heart, liver, and gizzard were
chopped into small cubes after 24 hours of storage before
being processed in a mechanical mincer using a 4 mm size
pore plate. The previously melted visceral fat was separated
with the help of a separating funnel, after which the recovered
fat was stored for later use. The deboned meat was thoroughly
mixed with the curing ingredients (Salt @ 1.75% and Sodium
Nitrite @ 150 ppm) and then stored at 4 °C for another 24
hours to facilitate proper curing. The cured sausage mix was
chopped in a bowl-chopper with the added fat, non-meat
ingredients, spices and condiments and three different levels
of foxtail millet flour, i.e. 5 percent(T1), 10 percent(T,) and 15
percent(Ts) in addition to the control (without foxtail millet
flour). The four emulsions were prepared and then stuffed into
the cellulose casings with the help of a mechanical stuffer.
After stuffing, the sausages from each treatment group were
cooked in a cooking vat at 85°C for 45 minutes. After
cooking, the hot sausages were immersed in ice-cold water to
prevent further cooking. Then the sausages were removed
from the water and the excess water was drained. The chilled
sausages were peeled and packaged into sterilized
polyethylene bags. They were then stored under refrigeration
to evaluate the different qualitative traits during subsequent
storage periods. Altogether, five batches of sausages were
prepared and kept under refrigerated temperature (4+1 °C),
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and different qualitative traits were evaluated.

Table 1: Sausage mix formulation

. . Treatment (%)
Name of ingredients Control T T, T
Lean Meat 70 65 60 55
Fat (skin + visceral organ) 15 15 15 15
Foxtail millet (Koni dhan) flour; 0 5 10 15
Spices 15 15 15 15
Condiments 3 3 3 3
Egg white 3 3 3 3
Ice flakes 5 5 5 5
Salt 175 | 1.75 1.75 1.75
Sugar 075 | 075 | 0.75 | 0.75
Sodium Nitrite 150 ppm{150 ppm(150 ppm|150 ppm
Total 100 100 100 100

The emulsion stability of the samples was detected on the first
day of the experiment using the technique of Mongale et al.
(1985) 71, The pH of the duck meat sausages was determined
using a digital pH meter (Make: Eutech, Model: 510 Stirrer),
and water activity (aw) was determined by a water activity
meter of Aqua Lab (Dewpoint water activity meter 4TE). The
TBARS value was estimated following the method of Witte et
al. (1970) 2. The Water Holding Capacity of the duck meat
sausages was determined by the method of Wardlaw et al.
(1973) Bl The organoleptic qualities of duck meat patties
were determined by using a 9-point hedonic scale (Bratzler,
2000) [ (9 = extremely desirable, 1=extremely undesirable).

3. Results and Discussion

3.1 Physico-Chemical Parameters

The emulsion stability (ES) of the duck meat sausages
increased significantly (p<0.05) with the increasing level of
FTMF. The improvement of the emulsion stability might be
attributed to gelatinizing properties of the incorporated starch
component on heating (Mishra et al., 2014) [¢. Many
workers too observed similar findings by using different
fillers/extenders, viz. finger millet (Eleusine coracana) flour
on emu meat nuggets (Chatli et al., 2015) [, finger millet
flour (FMF) on chevon patties (Kumar et al., 2015) [*3, oat
flour on mutton nuggets (Reddy et al., 2017%) 22 and foxtail
millet flour on chevon sausages (Reddy et al., 2017°) [23],

The cooking yield (CY) of the duck meat sausages showed a
significantly (p<0.05) increasing trend with the increase in the
level of FTMF. The improvement in cooking yield at the
levels of FTMF described above could be due to the
solubilization and dissociation of the foxtail millet proteins
into subunits. The protein subunits of foxtail millet have
unmasked the non-polar residues from the interior of the
protein molecule, which may lead to increased water and fat
absorption capacity in the stabilized sausage matrix (Reddy et
al., 2017°) %1, Reddy et al. (2017°) 23] also used foxtail millet
flour (FTMF) on chevon sausages and found an increased
cooking yield.

The pH of the duck meat sausages showed a significant
(p<0.01) increase in the parameter along with the increasing
level of the FTMF. This increase in pH might be due to the
higher pH value of the FTMF (Nazni and Devi, 2016) [?Y] than
lean duck meat. Storage studies revealed a significantly
(p<0.01) decreasing trend in the pH of the duck meat sausages
along with the increasing storage days at refrigeration
temperature. The decrease in pH values with the advancement
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of the storage period might be due to the action of
psychrophilic bacteria, which ferment the carbohydrate
present in ingredients used in product formulation. A similar
observation was noticed by Biswas et al. (2017) B,

The a, for duck meat sausages decreased significantly
(p<0.01) in the treated products compared to the control. Such
progressive decrease of aw in the treated products might be
attributed to increased levels of foxtail millet flour and firm
binding of water with FTMF (Rindhe et al., 2018) >4l Barros
et al. (2018) also observed similar findings. Further, the a, of
duck meat sausages reduced markedly (p<0.01) from the 1% to
the 15" day of storage. This might be due to the utilization of
available water by the microbes for their growth and
multiplication, as reported by Dharamveer et al. (2007) P,
The TBARS value was found to be the highest in the control
product compared to the treated products. Relatively lower
TBARS values in treated products than in control might be
due to the anti-oxidative property of FTMF, as it contains
47mg polyphenolics/100g and 3.34mg tocopherol/100 g
(Suma and Urooj, 2012) [?81. The results are corroborated by
the findings of Shinde et al. (2019) 71 and Gamit (2020) [0,
The TBARS value of both control and foxtail millet flour-
treated duck meat sausages increased significantly (p<0.01)
throughout the storage period indicating an increase in lipid
oxidation. The increase in TBARS value during storage was
due to increased lipid oxidation and the production of volatile
metabolites (Joe et al., 2019) 4, Results from several earlier
workers, such as Nayeem et al. (2017) 2 and Shinde et al.
(2019) ?71, were found to be similar to the present study.
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The highest WHC was observed in the T3 (15 percent FTMF),
while the lowest WHC was observed in the control. This
might be due to the higher moisture absorption capacity of
FTMF in meat emulsion. FTMF can absorb large quantities of
water (water absorption 210%) via protein-water interactions
without altering the product viscosity (Reddy et al., 2017")
1281, These results are in agreement with Kumar et al. (2015)
(2 Reddy et al. (2017%) 221 and Reddy et al. (2017°) 2%1. With
the increase in the storage days at refrigerated temperature, it
was noticed that the WHC decreased significantly (p<0.01) in
each treated as well as control product up to 15 days of
storage. The decreasing trend might be due to the denaturation
of myofibrillar protein, which lowers the hydration capacity
of proteins and loosens up the microstructure of muscles,
allowing more water to be entrained (Saikia et al., 2019) [%°1,
Nagamallika et al. (2006) I also reported a significant
decrease in WHC in chicken patties during an increased
storage period at refrigeration temperature.

Table 2: Emulsion stability & cooking yield of control and foxtail
millet flour treated duck meat sausages

Incorporation of Foxtail millet

Parameters Control flour
T1(5%) | T2(10%) | Ts(15%)
Emulsion Stability| , 1,4 o8 | 21624029 | 1.28%40.14 | 0.88%40.14

(ml/g)
Cooking Yield (%)(80.379+0.57|84.83°+0.62|88.02°+0.19(90.972+0.37

n=5 Mean with superscript bearing different alphabet (small) row
wise differ significantly (p<0.05)

Table 3: Physico-chemical qualities of control and foxtail millet flour treated duck meat sausages

Treatment Days WHC (mI/100g) pH aw TBA (mg malonaldehyde/kg)

1 A53.20°+0.25 £6.14%+0.02 A0.9712+0.01 A0.384°+0.06

c 5 ABGD 27°+0.34 B6.042+0.02 B0.9682+0.01 B0.5102+0.03
10 BC51.20%+0.25 €b5,852+0.01 €0.9572+0.01 €0.709°+0.03

15 €50.53%+0.25 P5.79%+0.01 0.949°+0.01 P0.894°+0.04

1 A53,87%0+0.25 A6.172+0.01 A0.9712+0.01 A0.371%°+0.06

T 5 AB52.67%+0.42 B6.08%+0.01 B0.967°+0.01 B0.498%+0.04
10 BC51,7320+0.27 CD5 8720+0,02 €0.957%+0.01 €0.6882°+0.06

15 €50.93%+0.16 P5.842+0.01 D0.948+0.01 D0.878%+0.02

1 A55.20%°+0.44 A6.20%°+0.02 A0.970°+0.02 A0.359%°+0.08

T 5 AB54,40°+0.50 B6.13%°+0.02 B0.967°+£0.01 B0.483°+0.05
10 BC53.20P°+0.57 CD5,89%+0,01 €0.957%+0.06 €0.672°+0.06

15 €52.277°+0,50 D5,8520+0.02 £0.948°+0.01 D0.858°+0.02

1 AB6.27°+0.34 £6.23+0.01 A0.969°+0.01 A0.342°+0.08

Ts 5 AB5.60°+0.34 A6.17°4£0.02 B0.966°+0.01 B0.466°+0.03
10 AB54,67°+0.47 BC5,92°+0.01 €0.955P+0.01 €0.656°+0.07

15 B53.60°+0.62 ©5.87°+0.01 £0.9479+0.01 0.840°+0.04

n=5 Mean with superscript bearing different alphabet (small) row wise differ significantly (p<0.01)
Mean with superscript bearing different alphabet (capital) column-wise differ significantly (p<0.01)

3.2 Sensory qualities

3.2.1 Colour

The perusal of sensory results revealed that colour scores for
duck meat sausages declined significantly (p<0.01) along with
the increasing level of FTMF. The colour scores following a
decreasing trend might be due to the increased level of FTMF
in the treated products, which reduced the dark colour of duck
meat by diluting the meat pigment (Adzitey et al., 2021) 1],
The colour scores declined significantly and sharply until the
15" day of storage. A decrease in colour scores during
refrigeration storage might be due to pigment and lipid
oxidation resulting in non-enzymatic browning between lipid
oxidation and amino acid. Biswas et al. (2011) [, Reddy et

al. (2017°) 2 and Gamit (2020) % too reported similar
findings.

3.2.2 Flavour

The flavour scores for duck meat sausages declined
significantly (p<0.01) along with the increasing levels of
FTMF. This decrease in flavour scores might be due to the
dilution of meaty flavour with the increase in the level of
extender (Bhat et al., 2013, Malav et al., 2015) & 23 This
might also be due to the development of bitterness as a sequel
of Maillard browning reactions with the increased level of
foxtail millet flour in the treated products (Kumar et al., 2015)
(12 The results of the study corroborated well with the
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findings of Mishra et al. (2014) [ and Santhi and
Kalaikannan (2014) [8. The flavour scores declined
significantly (p<0.01) and sharply up to the 15" day of
storage. A decreased flavour score during storage might be
due to increased malonaldehyde formation due to the
oxidation of fat, which has a detrimental effect on the flavour
and firmness of the product (Millar et al., 1980) 1 and also
might be due to the oxidation of fat and microbial growth
(Suresh et al., 2013) 9, Similar findings were observed by
Reddy et al. (2017°) (231 and Gamit (2020) (191,

3.2.3 Juiciness

The juiciness scores for duck meat sausages declined
significantly (p<0.01) along with the increasing levels of
FTMF. The decrease in juiciness could be due to the
decreased bulk density of the product at a higher level of
extension, which was evident from a reduction in moisture
content (Reddy et al., 2017°) 3, Gamit M. (2020) 1% also
observed similar results in chicken meat cutlets incorporated
with finger millet (Eleusine coracana) flour (5, 10 and 15
percent). In the present study, juiciness scores declined
significantly (p<0.01) and sharply up to the 15" day of
storage. A decrease in juiciness score during storage might be
due to moisture loss. It might also be due to using low-density
polyethylene packaging materials, which were permeable to
water vapour (Biswas et al., 2011) 34,

3.2.4 Texture

The texture scores for duck meat sausages showed a
significantly (p<0.01) decreasing trend along with the
increasing levels of FTMF. Replacement of structural meat
proteins by extender might be the reason for the decreasing
trend of the texture scores (Verma et al., 2015) [& 2. The
texture results obtained in the present study are similar to the
work done by Mehta et al. (2013) [ and Santhi and
Kalaikannan (2014) [2°1. A decrease in texture scores might be
due to the release of moisture (Wu et al., 2000) and the
depletion of fat during storage (Biswas et al., 2011) 4. The
present findings are in consonance with Reddy et al., 2017°.
They observed that the sensory scores for all sensory
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characteristics reduced gradually during storage.

3.2.5 Tenderness

Tenderness scores for duck meat sausages followed a
significantly (p<0.01) decreasing trend along with the
increasing levels of FTMF. This might be due to the increase
in the hardness of the product due to the addition of the FTMF
(Rindhe et al., 2018) 4, The results obtained in the present
study are similar to the work done by Mehta et al. (2013) 14,
in which they mentioned that the addition of psyllium husk to
patties generated lower scores for tenderness. A significantly
(p<0.01) decreasing trend for tenderness scores was observed
with the increase in the storage period. Loss of moisture from
the product during prolonged storage might be the reason for
the tenderness following a decreasing trend. The present
findings are in consonance with Reddy et al. (2017°) 231, They
observed that the sensory scores for all sensory characteristics
reduced gradually during storage.

3.2.6 Overall Acceptability

The perusal of sensory results revealed that the overall
acceptability scores for duck meat sausages declined
significantly (p<0.01) along with the increasing levels of
FTMF. Lower scores recorded for colour, flavour, juiciness,
texture and tenderness qualities due to the addition of FTMF
might be the reason for the decreased score for the overall
acceptability of the product. Results of Mehta et al. (2013)
4 Mishra et al. (2014) 16 and Gamit (2020) [1° also
revealed similar findings. The overall mean values for the
overall acceptability of duck meat sausages for the different
storage periods were found to decrease on the 1%, 5%, 10" and
15" day of storage, respectively. A decrease in colour scores
during storage might be primarily due to the reduction of
flavour and colour scores due to the development of some
volatile flavour components as a consequence of the oxidation
of fat, besides decreased moisture content, bacterial growth
etc. The results obtained in the present study corroborated
well with that of Biswas et al. (2011) B4 and Reddy et al.
(2017) 231,

Table 4: Sensory quality parameters of control and foxtail millet flour treated duck meat sausages

Treatment | Days Colour Flavour Juiciness Texture Tenderness Overall Acceptability

1 A8.14%+0.03 A7.86%+0.05 A7.622+0.03 A7.972+0.05 A7.68%+0.03 A7.85%+0.01

c 5 AB7 942+0.07 B7.50%+0.06 A7.492+0.03 AB7 692+0.03 BC7.372+0.08 B7.602+0.02
10 BC7.80%+0.04 €7.17%+0.05 B87.222+0.03 BC7.547+0.03 CD7.182+0.04 €7.387+0.01

15 €7.57%+0.05 P6.80%+0.03 ©6.94+0.03 €7.28°+0.09 7.05%+0.03 P7.13%+0.02

1 A7.80°+0.07 A7.777+0.07 A7.512+0.03 A7.80%+0.12 A7.572+0.05 A7.69°+0.03

T 5 A7.74%+0.08 B7.38%+0.08 B7.25P+0.03 AB7.66%+0.03 BC7.25%+0.10 B7.46°+0.02
! 10 AB7 65%+0.07 €7.10%+0.07 €Dg,915+0.06 BC7 402+0.07 €7.112+0.10 €7.235+0.02
15 B7.40%+0.08 ©6.7120+0.08 P6.742+0.03 €7.23%+0.03 P6.802°+0.03 P6.97°+0.01

1 A7.34%+0,05 A7.31+0.08 A7.00°+0.06 A7.78%+0.07 A7.29°°+0.06 A7.34°+0.03

T 5 B6.77°+0.09 BC6.88"°+0.02 | B©6.66%+0.05 | BC7.31°°+0.08 BC6.91P°+0.05 B6.90°+0.03
2 10 | ©P6.34*°+0.03 ©6.80°+0.03 €6.43°+0.04 CD7,08>+0.09 | ©P6.77°°+0.03 6.68°+0.01
15 D6.17°+0.05 D06.51P¢+0.05 D6.11°+0.05 D6.83°+0.05 06.54¢+0.10 D6.43%4+0.05

1 A7.14%+0.14 £6.94°+0.09 A6.77°+0.07 A7.65°+0.11 A7.02°+0.07 A7.10%+0.07

T 5 B6.62°+0.07 ABG.77°+0.06 A6.57%+0.10 BC7.30°+0.10 A6.88°+0.07 B6.83°+0.03
s 10 €D6.30°+0.10 BC6.54°+0.07 6.179+0.08 €D7.07¢+£0.07 BC6.60°+0.05 €6.53+0.04
15 D6.21°+0.06 €6.37°+0.09 €5.90°+0.09 D6.80°+0.09 €6.37¢+0.07 06.339+0.05

n=5 Mean with superscript bearing different alphabet (small) row wise differ significantly (p<0.01) Mean with superscript bearing different

alphabet (capital) column-wise differ significantly (p<0.01)
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Fig 1: Graphical representation of Sensory quality parameters of
control and foxtail millet flour treated duck meat sausages(1% day)

4. Conclusion

Based on the results of various parameters studied in this
investigation, it may be concluded that duck meat sausages
can be prepared satisfactorily by replacing lean meat and
incorporating foxtail millet flour up to 15 percent without
severe adverse effects on its physicochemical and sensory
qualities and were acceptable for 15 days under aerobic
packaging and refrigerated storage condition (41 °C).
However, based on the scores obtained for different quality
parameters, the duck meat sausages with a 5 percent level of
foxtail millet flour incorporation were the best among the
treated products. Hence, based on the above results, the most
favourable incorporation level of foxtail millet flour in duck
meat sausages was 5 percent. However, further studies with
more product formulations, larger samples with more
extended storage periods, and improved packaging systems
might be of immense value to draw a concrete conclusion and
recommending the best-suited formulation for a commercial
venture.
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