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Nutritional value and sensory acceptability of fish burger prepared with flaxseed flour
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Abstract

Flaxseed flour has gained popularity among consumers worldwide due to the various nutrients and bioactive compounds it
contains. The aim of this study was to evaluate the cooking yields, the nutritional value, and the sensory acceptability of fish
burgers with an addition of flaxseed flour in different concentrations (5, 10, and 15%). The results showed that the cooking yields
(79.2%) of the FO (control) group was lower (p < 0.05) than the burger to which flaxseed four was added. The flaxseed addition
had some effect on the nutritional value of the fish burgers. The flaxseed rates increased the protein, but the fat content did not
change significantly. The control group had the highest moisture and the lowest ash. Fish burgers made with the addition of
15% flaxseed flour had the highest energy value and the lowest moisture. There was no statistically significant difference among
the fish burger groups with respect to sensory properties. The general acceptability scores showed that the group with the most

positive response was the one containing 10% flaxseed flour fish burgers.

Keywords: fish burgers; flaxseed flour; acceptance.

Practical Application: Adding flaxseed flour in the formulation of fish burgers increases the nutritional value of the product
without decreasing its sensory preference and also this study could be the basis for new studies.

1 Introduction

Luciobarbus esocinus (Heckel, 1843) is found throughout the
Euphrates and Tigris rivers Turkey. It is one of the biggest freshwater
fish in Turkey. Its weight can be over 100 kg and It is relatively
delicious and its economic value is high (Geldiay & Balik, 2007).

Flaxseed (Linum usitatissimum) has been part of human
nutrition for years. Recent research studies have shown that
flaxseed is an important plant source containing beneficial
compounds for health besides being rich in alpha-linolenic
acid (ALA), good quality protein, fat, antioxidant, lignins and
fiber (Goyal et al., 2014). According to Gutierrez et al. (2010),
the chemical composition of the flaxseed carried out a high
content of oil (43.90%) and protein (21.34%). The popularity
of flaxseed has grown rapidly in recent years not only for their
nutritional properties but also beneficial effect on the growth
and development of children as well as on reducing the risk of
cardiovascular disease, diabetes, gastro-intestinal health and brain
development and function (Parikh et al., 2019). Many reports
have focussed on alternative products from flaxseed as a
functional food source such as bakery products, trorilla and
cakes (Alpaslan & Hayta, 2006; Rendén-Villalobos et al., 2009;
Moraes et al., 2010). However, there are almost no studies on
fish burger produced from fish mince.

Fish is a food of excellent providing high quality protein
rich in essential amino acids, omega-3 fatty acids and a wide
variety of vitamins and minerals. In recent years, it has focused
on healthier fish and meat products by reducing what are widely
perceived as negative constituents and/or adding ingredients that
are beneficial to human health (Vidal et al., 2019; Cilli et al., 2020;

Paglarini et al., 2020; Vidal et al., 2020a; Vidal et al., 2020b;
Shekarabi, et al., 2020). Besides, consumers’ preference for
ready-to-eat foods, including fish and products has also increased.
Among this food, fish products are very popular. Fish burgers
are considered ready-made seafood products and are made from
various kinds of fish (Yerlikaya et. al., 2004). However, there are
almost no studies on fish products produced from flaxseed as
a functional component. The purpose of this research was to
prepare fish burgers with different concentrations (5, 10 and
15%) of flaxseed, to characterize their nutritional value and to
evaluate sensory acceptability.

2 Material and methods

2.1 Preparation of fish burger

Luciobarbus esocinus (average weight and length,
1247.2 + 181.2 gand 50.5 + 1.61 cm, respectively) used in this
study were purchased at local markets in Elazig, Turkey, and the
samples were transferred to the laboratory in ice within an hour.
They were weighed and then remove the head and viscera and
washed. Then, they were filleted and deboned manually. Mincing
of fillets was performed by a domestic food processor (Argelik,
Robomaster, Turkey). The mince obtained from L. esocinus
muscle was used to prepare fish burgers. Flaxseed flour and
other ingredients were purchased from local markets in Elaz1g.

The minced meat was divided into four groups. F0, control
group, without added flaxseed flour and F5, F10, F15, treated
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samples with flaxseed flour 5, 10 and 15% (w/w). Ingredients
were added to each group according to the following formulation:
5% onion, 1.5% salt, 0.5% red pepper, 0.02% black pepper and
0.02% cumin. The ingredients were homogenized with a kitchen
blender, refrigerated at 4 °C for 1 h. Fish burger was prepared
by hand (31.42 + 3.43) and cooked in an electric oven at 175 °C
for 20 min and after cooling, the fish burger was packaged in
Nylon/ polyethylene bags for different analyses.

2.2 Percent cook product yield

The cooking yields of the burger (%) were determined
by measuring the weight of the fish burgers before and after
cooking, as described by Nisar et al. (2009) for ten replicates
per treatment and were calculated as the ratio of cooked weight
to uncooked weight, expressed as a percentage.

Cooked fish burger weight

Cooking Yield (%) =
ooking Yie ( 0) Uncooked fish burger weight

X100

The moisture retention (%) was determined according to
the equation below: (El-Magoli et al., 1996).

0, 1 0, 1 1
Moisture retention (%) = % yield X Ammstll;)rg in cooked burger

2.3 Proximate analysis, energy value and pH

The determination of moisture, protein, fat, and ash contents
of fresh fish and fish burgers determined according to the
standard method of Association of Official Analytical Chemists
(2000). Total carbohydrate was calculated by numerical formula
(carbohydrate =100 — moisture + protein + fat +ash). The total
calories value (Kcal) of cooked fish burgers was determined
using the below equation

Energy (kcal) = 4 x (g proteins + g carbohydrate) + 9 x (g fat).

The pH was measured using a digital pH meter (Thermo
Scientific Orion 3-Star pH Benchtop, USA) with a calibrated
electrode, which was inserted directly into fish burger for reading.

2.4 Sensory analysis

Sensory acceptability of fish burger samples were carried
out by a ten member (5 females, 5 males) panel. Fish burger
samples were assessed on the basis of appearance, ordour, flavour,
texture and general acceptability. Preference scores were used a
nine point hedonic scale (9 = like extremely, 5 = neither like nor
dislike and 1 = dislike extremely) (Lawless & Heymann, 1998).

2.5 Statistical analysis

Data are studied as the mean and standard deviation
in triplicates. Differences between groups were analyzed by
using the statistical software package SPSS for Windows SPSS
Version 22.0 for one-way analysis of variance. Duncan multiple
comparison tests was used to compare the differences among the
variable groups. The Statistical significance level was considered
to be p<0.05.

3 Results and discussion

3.1 Cooking yield, moisture retention

Cooking yield of the control group and flaxseed fish burgers
are shown in Figure 1. The cooking yields were 79.2, 81.24, 81.88
and 83.42%, for flaxseed flour additions of 0 (control; F0), 5 (F5), 10
(F10) and 15 (F15)%, respectively. Cooking yield was significantly
increased significantly with the increasing levels of flaxseed flour
(p < 0.05) (Figure 1). This increase could be due to the increase
in dry matter with the added flaxseed flour. Cooking yields of fish
burgers varied between 79.2% and 83.42%. Flaxseed fish burger
had a somewhat higher cooking yield than the control FO (control)
fish burger. The highest cooking yields (83.42) was found in fish
burger in F15 samples (p < 0.05). In the control samples, lower
cooking yield could be associated with the excessive loss of water
during cooking. Reddy et al. (2018) reported of the cooking yield
higher with treatment groups compared to the control group.
However, Ali etal. (2019) reported that control fish burger (87.51%)
had higher cooking yield values than fish burgers formulated with
various rates of mashed pumpkin pulp or mashed potato.

Moisture retention of the fish burger is given in Figure 2.
Moisture retention of fish burger was determined as 57.92%
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Figure 1. Yield of burgers incorporated with different percentages of
flaxseed. FO: Fish burger formulated without flaxseed flour; F5: fish burger
formulated with 5%flaxseed flour; F10: fish burger formulated with
10% flaxseed flour; F15: fish burger formulated with 15% flaxseed flour.
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Figure 2. Moisture retention of fish burger incorporated with different
percentages of flaxseed. FO: Fish burger formulated withoutflaxseed
flour; F5: fish burger formulated with 5%flaxseed flour; F10: fish burger
formulated with 10% flaxseed flour; F15: fish burger formulated with
15% flaxseed flour.
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F0, 56.21% F5, 53.77% F10, and 51.57% F15. The moisture
retention of the fish burgers by adding flaxseed flour was less
than the control (p <0.05). These differences could be due to
the differences in moisture content for all types of burgers. The
highest moisture retention was found in the control groups
(57.92%). Similarly, Serdaroglu et al. (2018) found that beef
patties formulated with dried pumpkin pulp and seed mixture
showed lower moisture retention than control groups.

3.2 Proximate composition, energy value and pH

The proximate composition of raw fish was determined as
78.26% moisture, 18.12% protein 3.2% lipid, and 0.89% ash.
Similarly, the proximate composition was reported by Kuzgun
(2017). Proximate compositions, energy value, and pH of the
burger formulation with different flaxseed flours levels are
given in Table 1. For the cooked burgers in the present study,
the protein and lipid contents of all treatments were almost
the same (p >0.05). However, the incorporation of different
flaxseed flour levels affected the moisture and ash content of
the cooked burgers. The moisture content of burgers decreased
with different flaxseed flour levels incorporated when compared
to the control, and each was significantly (p < 0.05) different.
The flaxseed addition reduced the moisture of the fish burger.
The F5 and F10 groups had a higher moisture content compared
to the F15 groups (p<0.05). Similar findings were reported by
Bilek & Turhan (2009).

The ash content was similar in the F0, F5, and F10 samples
although the F15 samples had higher ash content compared
to the F5 and F10 groups (p<0.05), probably due to the high
mineral content of flaxseed flour. Bilek & Turhan (2009) reported
that the ash content increased with the addition of the flaxseed
flour in beef patties. Flaxseed flour contains 20.3% protein and
37.1% lipid contents and a high level of a-linolenic fatty acid
(Kajla etal., 2014). The carbohydrate content of the fish burgers
formulated with flaxseed flour were higher (p < 0.05) than the
control fish burger; this could be attributed to the carbohydrate
content of the flaxseed flour. Bilek & Turhan (2009) found that
beef patties formulated with flaxseed flour showed a higher
carbohydrate content than control groups. The carbohydrate
contents of fish burgers increased by the addition of different

levels of flaxseed flour (p<0.05). The carbohydrate content of
fish burgers ranged from 0.39 to 6.64 (Table 1).

The usable energy content of burgers ranged from 107.00 + 5.47
to 451.67 + 4.99 Kcal/100 g. The amount of energy value in
the flaxseed-added burger increased between 25% and 53%
approximately (Table 1). The amount of energy value in the
flaxseed-added burger was 107.0, 133.22, 147.93, and 163.77
for FO, F5, F10, and F15, respectively. There were significant
statistical differences (p<0.05) between the samples. Studies show
that the added flaxseed caused an increase in the energy value
(Bilek & Turhan, 2009; Novello & Pollonio, 2013).

The pH values of fish burgers ranged from 5.93 to 6.10
(Table 1). The pH values of formulas treated with flaxseed flour
(p > 0.05) non- significant increase in comparison with that of
control groups. Bilek & Turhan (2009) reported not significantly
different among treatments pH of beef patties made with flaxseed
flour at different concentrations.

3.3 Sensory evaluation

The addition of non-meat ingredients to fish product
formulations could cause significant changes in the sensory
properties of the product. Therefore, the sensory properties of
the product should be evaluated and it is important to make
necessary regulations to the content. The sensory evaluations
of fish burgers are shown in Table 2.

The results show that there were no statistically significant
differences (p>0.05) between all samples in odour, texture
and general acceptability. The odour, texture and general
acceptability scores range from 8.2-8.5; 7.3-7.7 and from
7.9-8.3, respectively. These scores denote good acceptability
(score of) on a 9-point hedonic scale. The appearance scores
of control group samples were significantly (p < 0.05) different
from each other except for F5. The panelists more preferred the
appearance of burger with 10% of flaxseed flour added than
the others. The lowest score value of appearance was recorded
for FO (7.4). The flavour score at F10 (8.5) was preferred by
the panelists than the other fish burger. The fish burger with
F10 were significantly different (p < 0.05) to F15 (7.0) groups.
Flavour showed the burger made from 10% of flaxseed flour
is the most preferable by consumers tested. On the contrary,

Table 1. Proximate composition, energy value and pH of fish burgers incorporated with different percentages of flaxseed.

Characteristics Formulations
FO F5 F10 F15
Moisture (%) 73.13 £0.88* 69.19 +0.81° 65.67 £ 1.25¢ 61.82 +0.86¢
Protein (%) 20.34 + 1.05 21.01 £1.14 22.80 £ 1.63 23.03 £ 1.09
Lipids (%) 3.77 £0.33 3.92 £0.45 4.55+0.48 5.09 £ 0.35
Ash (%) 2.37+£0.27* 2.62 £ 0.44* 3.04 £ 0.24® 3.60 +0.28°
Carbohydrate 0.39 +£0.2° 3.26 +0.28" 3.94 + 0.46° 6.46 + 0.98°
Energy, kcal/100 g 107.0 + 5.47* 133.22 +4.81° 147.93 + 8.96° 163.77 + 4.99¢
pH 5.93 £ 0,02 5.97 £ 0,04 6.09 £ 0,01 6.10 £ 0,00

FO: Fish burger formulated without flaxseed flour; F5: fish burger formulated with 5%flaxseed flour; F10: fish burger formulated with 10% flaxseed flour; F15: fish burger formulated
with 15% flaxseed flour. **< Values in the same row with different superscript letters are significantly different (p<0.05)
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Table 2. Sensory analysis results of fish burger incorporated with different percentages of flaxseed.

Formulations
Components (%)
FO F5 F10 F15
Appearance 74+ 117 8.0 £ 0.82% 8.5 +0.53" 8.4 +0.70°
Odour 8.3+£0.48 8.3+£043 8.5+0.97 8.2+£0.92
Flavour 8.0 £ 0.82* 8.0 £ 0.47* 8.5+0.97° 7.0 £ 1.45°
Texture 7.3+1.25 7.4 +1.07 7.5+ 1.08 7.7 +1.34
General acceptability 7.9 +0.56 8.0 +0.47 8.3+0.67 8.2+0.79

FO: Fish burger formulated without flaxseed flour; F5: fish burger formulated with 5%flaxseed flour; F10: fish burger formulated with 10% flaxseed flour; F15: fish burger formulated
with 15% flaxseed flour. **Values in the same row with different superscript letters are significantly different (p<0.05).

Bilek & Turhan (2009) found that the sensory scores of beef
patties increased as the flaxseed content decreased.

4 Conclusions

Flaxseed is a valuable nutrient additive because of its
various biologically active compounds. The results showed
that the incorporation of flaxseed flour in fish burgers was
promising with evidence of a significant increase in the fat and
ash content. The analysis indicated that the addition of flaxseed
flour reduced the cooking loss of the burger while increasing its
energy value. The flavour scores of the samples decreased with
the 15% flaxseed addition.
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