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This study aimed to evaluate the effect of fish oil microcapsules on saltiness perception of burger meats and to
develop acceptable o-3 with reduced salt. The addition of fish oil microcapsules in combination to moderate salt
reduction and cooking significantly increased the quantity of ®-3 fatty acids, the acceptability, and the salty taste.
These effects had a slight influence on lipid oxidation levels, or instrumental colour parameters (L* a*, b*). The
addition of fish oil microcapsules (4.5-6.5 %) in combination with salt reduction may be recommended to
develop acceptable meat products labelled with nutrition claims related to sodium/salt (“reduced salt” or “low
salt content”) and omega-3 (“source of omega-3 fatty acids” or “rich in omega-3 fatty acids™).

1. Introduction

There are several reasons leading to an increasing interest in the
omega-3 enriched products. The beneficial health effects of omega-3
polyunsaturated fatty acids (o-3 PUFA), especially of eicosapentaenoic
(C20:5 -3, EPA) and docosahexaenoic acids (C22:6 »-3, DHA), are
worldwide known, i.e. these fatty acids reduce the risk of cardiovascular
diseases and prevent certain types of neurodegenerative and inflam-
matory diseases (Pourashouri et al., 2014). The European Food Safety
Authority (EFSA) has carried out scientific assessments of health claims
related to the benefits of w-3 PUFA, concluding that 250 mg a day is an
adequate intake for the maintenance of general cardiovascular health
among healthy adults and children (EFSA, 2012). Nevertheless, the
consumption of the main sources of EPA and DHA, fish and seafood, is
usually insufficient to reach the recommended dose. Moreover, in this
regard, the European Union legislation has established the minimum
level required for the sum of EPA and DHA to label a food as ‘source of
-3 fatty acids’ and ‘high in -3 fatty acids’: 40 and 80 mg per 100 g and
per 100 kcal, respectively (EU, 2010).

Consequently, consumers are demanding omega-3 enriched products
and the food industry is interesting in developing them (Muguerza et al.,
2004). Well accepted and high consumed should be key characteristics
of enriched products. Meat and meat products comply with these re-
quirements, also being sources of high-quality proteins and some
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vitamins (especially vitamin B6 and B12) and minerals (iron, selenium,
and zinc), but having a lipid profile that is sometimes questioned (high
to moderate percentage of saturated fatty acids (SFA), low percentage of
PUFA, with higher content in ®-6 PUFA than in ®-3, without EPA or
DHA) (Perez-Palacios et al., 2019).

Thus, different strategies have been evaluated to enrich some meat
products in these bioactive compounds, as reviewed some authors
(Perez-Palacios et al., 2019). The most reported strategies are those
based in adding ®-3 PUFA sources to the animal feeding or fish oil
emulsions to the meat products. Most results on evaluating these stra-
tegies have shown some negative effects on lipid oxidation and sensory
attributes, due to the high susceptibility to oxidation of w-3 PUFA, and
the fishy and rancid flavour and odour. For instance, in the study of
Bryhni et al. (2002), addition of fish oil to the pig feeding increased EPA
quantities but also resulted in high rancidity scores in loins and sau-
sages; Valencia et al. (2006, 2008) substituted pork back-fat by deo-
dorized fish oil emulsions in fresh and dry-fermented sausages,
achieving higher EPA and DHA contents, higher lipid oxidation levels
and lower acceptability and flavour scores. The addition of fish oil mi-
crocapsules to meat products as omega-3 enrichment strategy has also
been investigated, not reporting so negative influence on the enriched
foods.

In general, microencapsulation technique consists of coating droplets
or particles of a compound by a homogeneous or heterogeneous matrix,
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Table 1
Ingredients of burgers added with different quantities of NaCl (Normal, N; Reduced sodium, RS; Low sodium salt, LS) and fish oil microcapsules (no added, C; added,
M).
Minced pork meat (g) Minced beef meat (g) Minced pork belly (g) Mash potaoes (g) Flour (g) NacCl (g) Fish oil microcapsules (g)
N C 450 360 90 22.5 22.5 18 1]
M4.5 450 360 90 22.5 22.5 18 45
M6.5 450 360 90 22.5 22.5 18 65
M8.5 450 360 90 22.5 22.5 18 85
RS C 450 360 90 22.5 22.5 13.5 0
M4.5 450 360 90 22.5 22.5 13.5 45
M6.5 450 360 90 22.5 22.5 13.5 65
M8.5 450 360 90 22.5 22.5 13.5 85
LS C 450 360 90 22.5 22.5 2.5 0
M4.5 450 360 90 22.5 22.5 2.5 45
M6.5 450 360 90 22.5 22.5 2.5 65
MS8.1 450 360 90 22.5 22.5 2.5 85

which provides a physical barrier between the microencapsulate com-
pound and the environment (-3 PUFA and oxidizing promoters in this
case, respectively) (Ye et al., 2009). Microencapsulation of fish oil has
been proved to be an excellent way for stabilization of EPA and DHA
(Perez-Palacios et al., 2019), being spray-drying the most used tech-
nique that produces a powder of microcapsules with low water activity
and easy to transport, handle and store (Gouin, 2004).

The microencapsulation of fish oil by spray drying starts with the
elaboration of oil-in-water emulsions. Quite recently, we have devel-
oped fish oil microcapsules, with maltodextrine and chitosan as wall
material, to be added to different meat products. The addition of this
type of microcapsules increased the quantity of EPA and DHA in cooked
and dry-cured meat products, susceptible to be labelled as “source of
omega-3 fatty acids”, without influencing physico-chemical character-
istics or oxidative stability. (Solomando et al., 2020b, 2021). However,
in these studies, noticeable differences were found in the quantitative-
descriptive sensory analysis, with higher scores for saltiness in the
enriched batches with microcapsules in comparison to the control one
(without addition of microcapsules). This finding may point out an
enhancement in the salty taste perception in meat derivatives added
with fish oil microcapsules with maltodextrin-chitosan as wall material.
According to Lad et al. (2012), differences in saltiness perception could
be related to an increase in the oil phase, which would improve the
mixing with the saliva, accelerating the salt transport to the taste buds.
However, Panouillé et al. (2011) did not found a direct relationship
between the sodium release from the food and saltiness perception. So, a
high released of sodium does not necessarily increase the saltiness,
which makes it a difficult challenge to enhance saltiness perception
directly through formulation or process adjustments (Kuo & Lee, 2014).

The sodium chloride is an essential ingredient in processed meat
products, due to its positive effect on sensory, and safety quality, its
overconsumption is associated to hypertension and cardiovascular dis-
orders (Brown et al., 2009). Besides, the recommended daily intake
stablished by the World Health Organization (less than 5 g of sodium
chloride for adults) is habitually surpassed in European countries (Kloss
etal., 2015). Thus, the meat industry is being urged to low the content of
sodium chloride added to meat products (Vidal et al., 2021). The partial
replacement of sodium chloride with potassium chloride is the most
used strategy, with magnesium and calcium salts and ascorbates being
also tested (Lilic et al., 2019; Vidal et al., 2021). Thus, nowadays, some
meat products labelled with some nutrition claims (low sodium/salt;
very low sodium/salt; sodium-free or salt-free; reduced sodium/salt; no
added sodium/salt) and/or health claims (reducing consumption of so-
dium contributes to the maintenance of normal blood pressure) (Euro-
pean Regulation n° 1924/2006, 1047/2012, and 432/2012) can be
found on the market.

Considering all these premises, the present study aims i) to evaluate
the effect of fish oil microcapsules with maltodextrine-chitosan as wall

material on saltiness perception of burger meats and ii) to develop
acceptable burger meats by adding fish oil microcapsules and decreasing
the NaCl amount. The effect culinary cooking on these products was also
evaluated.

2. Material and methods
2.1. Reagents

Hydrochloric acid, petroleum ether, chloroform, methanol, sodium
methal, sulphuric acid, perchloric acid, 1,1,3,3-tetramethoxypropane,
hexane, boric acid, sodium hydroxide (Scharlau, Barcelona, Spain)
and thiobarbituric acid (Merck KGaA, Darmstadt, Germany) were used
for the microcapsule and burger analysis.

2.2. Materials

Fish oil from cod liver was provided by Biomega Nutrition (Galicia,
Spain); it is stabililized with natural antioxidants (E-306). Soybean
lecithin (L-alpha-lecithin: 1-hexadecanoyl-2-(9E, (2E-octadececanoyl))-
sn-glycero-3-phosphocholine) (Across Organics, Madrid, Spain), chito-
san with 95% of deacetylation (Chitoclear FG 95, kindly provided by
Trades, Murcia, Spain), maltodextrin with a dextrose equivalent of 12%
(Glucidex 12, Roquette, Lestrem, France), and food-grade glacial acetic
acid (Scharlau, Barcelona, Spain) were used for the preparation of the
microcapsules.

Minced pork and beef meat, minced pork belly, wheat flour, mashed
potatoes, and NaCl were acquired in supermarkets to elaborate the
burgers.

2.3. Experimental design

Firstly, fish oil microcapsules from multi-layered emulsions were
prepared following the methodology previously optimized and pub-
lished by Solomando et al. (2020a); the obtained microcapsules were
analysed by means of external and total fat, microencapsulation effi-
ciency and quantity of fatty acids.

Then, pork-beef burgers were elaborated differing in the quantities of
fish oil microcapsules (no addition (Control, C), and added with 4.5 %
(M4.5), 6.5 % (M6.5) and 8.5 % (M8.5) fish oil microcapsules) and NaCl
(1.8 % (Normal, N), 1.3 % (Reduced sodium/salt, RS) and 0.25 % (Low
sodium salt, LS), having a total of 12 batches. The quantities of added
fish oil microcapsules were calculated based on their quantity of EPA +
DHA and the EPA + DHA quantity that a product should contain to be
labelled as “source of omega-3 fatty acids” (40 mg EPA + DHA per 100 g
sample and 100 g Kcal, respectively) (EU, 2010). The quantity of NaCl in
N burger batches was 1,8 %, which is the usual percentage in this type of
meat products (Pérez Palacios et al., 2022). In RS and LS batches, the
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NaCl content was calculated to obtain products labelled as Reduced
sodium/salt (reduction in the salt content of at least 25 % compared to a
similar product) and Low sodium salt (less than 0.12 g of sodium, or the
equivalent value for salt (0,25 g NaCl), per 100 g of product) according
the (European Regulation n° 1924/2006, 1047/2012, and 432/2012).

All the burger batches were elaborated with minced pork and beef
meat, minced pork belly, wheat flour, mashed potatoes, and NaCl,
adding the fish oil microcapsules in the M batches, as detailed in Table 1.
After mixing all the ingredients using a Thermomix model TM5 (Wup-
pertal, Germany), ten burgers (80 g each one) were obtained from each
batch, analysing one half as fresh burger (F) and the other half after
being cooked (CK) at 180-190 °C during 2 min for each side in a grill.
The proximate composition (percentage of moisture, proteins, and
lipids) was determined in the mix of ingredients, before adding the NaCl
and microcapsules. All batches in F and CK were analysed by means of
instrumental colour, lipid content, fatty acid profile and lipid oxidation.
Besides, instrumental texture and sensory analysis were carried out in
CK burgers. Analyses were done in triplicate.

2.4. Analysis of microcapsules

Total and external oil were determined in the fish oil microcapsules
as described by (Jiménez-Martin et al., 2014). For the extraction of total
fish oil in the microcapsules, 5 g of the powders was placed into a sealed
flask with 50 g of hydrochloric acid 1 N and, after digestion during 20
min at 96 °C, filtration was done with a Whatman no. 3 filter. Then,
solvent was evaporated with a rotary evaporator Buchi R-210 coupled to
a vacuum pump V-700 (Buchi, Switzerland) and oil content was deter-
mined gravimetrically. For the quantification of the external fish oil in
the microcapsules, 2 g of the powders was placed into an Erlenmeyer
flask with 25 ml of petroleum ether and softly stirred. The flask was
sealed using a cap with air cooler tube and introduced in a bath at 65 °C
during 20 min. After that, filtration was done with a Whatman no. 54
filter. Finally, solvent was evaporated as described before for the total
oil.

Microencapsulation efficiency was determined as a function of the
encapsulated oil related to the total oil content of the microcapsules
(Velasco et al., 2006): Microencapsulation efficiency (%) = ((total oil —
external oil) / total fish oil) * 100.

For the fatty acids analysis, a transesterification method was directly
applied to the microencapsulate powders, as suggested by Costa de
Conto et al. (2013), who recommended avoiding a previous fat extrac-
tion. Briefly, 100 mg of microcapsules were weighed and added to 1 ml
of chloroform containing 0.4 mg/ml tridecanoic acid (C13:0) (Merck),
as an internal standard (IS). Then, chloroform was evaporated under
nitrogen and the sample was treated following the acidic trans-
esterification method of Sandler and Karo (1992). Firstly, 1 ml sodium
metal in methanol (0.1 N) was added, vortexed and heated in an oven
during 30 min at 80 oC. After heating, 1 ml of sulphuric acid (5%) in
methanol was also added, and again vortexed and heated in an oven
during 30 min at 80 oC. After cooling, 1 ml of hexane and 1 ml of a
supersaturated sodium chloride solution were added, followed by mix-
ing and centrifuging for 15 min at 4500 rpm. The organic solvent top
layer containing the fatty acid methyl esters (FAMEs) was pipetted into a
2 ml GC vial and evaporated under nitrogen. Finally, FAMEs were
accurately dissolved in 1 ml of hexane.

The FAMEs were analysed by gas chromatography using a Hew-
lett-Packard HP-5890A gas chromatograph, equipped with a flame
ionization detector. A rapid chromatographic method was applied
(Pérez Palacios et al., 2022) using a cyanopropyl column (ZEBRON ZB-
FAME, Phenomenex, California, USA) (20 m x 0.18 mm i.d. x 0.15 pm
film thickness) with split injection (100:1) and Helium at a constant flow
of 2.7 ml/min as the carrier gas was used. Injector and detector tem-
perature were set at 250 °C. The temperature profile of the oven was
150 °C that increased at 10 °C/min to 180 °C. This was held for 1 min
and increased again at 7 °C/min to 205 °C, which is maintained for 2
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min. Individual FAME peaks were identified, by comparison of their
retention times with those of standards (Supelco 37 component FAME
mix, Merck), and quantified, by the external calibration curve method.
Five consecutive dilutions of a mix of standards (Supelco 37 component
FAME mix, Merck) were prepared and added with the corresponding
amounts of methyl tridecanoate standard (Merck) to have the same
concentration (0.4 mg/ml) of this FAME in the five dilutions. For each
FAME, a calibration curve (FAME peak area/C13 peak area versus FAME
amount/C13 amount) was constructed. The results, expressed in mg
FAME/g sample, were calculated using the exact weight of the sample.

2.5. Burger analysis
Burgers were analysed by means of the following analysis:

- Moisture: the moisture content of the burgers was determined as
described elsewhere (AOAC, 2000, ref. 935.29).
- Proteins: the Kjeldahl method (AOAC, 2000, ref. 992.15) was applied
to determine the percentage of protein.
Lipids: the Folch method (Folch et al., 1957), modified by (Pérez-
Palacios et al., 2008), was applied to determine the percentage lipid
in the burgers.
- Fatty acid analysis: the FAME of extracted fat (10 mg) were prepared,
analysed and quantified as previously described for the
microcapsules.
Lipid oxidation: it was measured by means of the Thiobarbituric Acid
Reactive Substances (TBARs) method, according to the procedure
described by (Salih et al., 1987). The absorbance at 532 nm was
measured in a spectrophotometer Jenway 7305 (Roissy, France)
using a mixture of perchloric acid and thiobarbituric acid as blank
and glass cuvettes with a light path length of 1 cm. Results on TBARs
were expressed as mg malondialdehyde (MDA)/kg sample.
Instrumental color: it was measured with a Minolta CR-300 color-
imeter (Minolta Camera Corp., Meter Division, Ramsey, NJ) with
illuminant D65, a 0° standard observer and one port / display area of
2.5 cm. Luminosity (L*), redness (a*) and yellowness (b*) were
determined. The colorimeter was calibrated before use with a white
tile having the following values: L* = 93.5, a* = 1.0 and b* = 0.8.
Instrumental texture analysis: it was performed in a TA.XT plus
Texture Analyser (Stable Micro Systems Ltd., Surrey, UK), carrying
out the Texture Profile Analysis (TPA). Uniform portions of the CK
samples were cut into 1 cm® cubes, which were axially compressed to
60% of their original height with a flat plunger 50 mm in diameter
(P/50) at a crosshead speed of 2 mm/s through a 2-cycle sequence.
The following texture parameters were measured from the force
deformation curves: Hardness (g) = maximum force required to
compress the sample (peak force during the first compression cycle);
adhesiveness (g x s) = work necessary to pull the compressing
plunger away from the sample; springiness (dimensionless) = height
that the sample recovers during the time that elapses between the
end of the first compression and the start of the second; cohesiveness
(dimensionless) = extent to which the sample could be deformed
before rupture (A1/A2, Al being the total energy required for the
first compression and A2 the total energy required for the second
compression); chewiness (g) = the work needed to chew a solid
sample to a steady state of swallowing (hardness x cohesiveness x
springiness).
Sensory analysis of the CK samples: it consists of acceptability and
sorting tests, which were carried out by untrained volunteers (stu-
dents, professors, and staff) recruited at the Research Institute of
Meat and Meat Products of the University of Extremadura. They were
85 people with the following socio-economic characteristics of
gender (60% female, 40% male), age (27.5%, between 18 and 25
ages; 65%, between 26 and 50 ages; 7.5%, > 50 ages), education
(15% secondary education; 20% graduates; 65% postgraduates (PhD
students or PhD)). They only knew the type of sample (burger) and
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Fig. 1. Percentage of microencapsulation efficiency (dotted line), and external (light grey) and total oil (dark grey) in the fish oil microcapsules.

were instructed about the procedure for answering the question-
naire. Four evaluation sessions were performed and held at mid-
morning, around 11:00-13:00. In each session, three portions of
burgers of around 20 g were evaluated immediately after being
cooked. Samples were served on white plastic plates. Cookies
(without salt) and about 200 ml of water at room temperature were
provided to the panellists to rinse between samples. For the accept-
ability test, samples were rated following an unstructured five-point
line scale with the hedonic inscriptions “extremely unpleasant” and
“extremely liked” on the left and right extremes of the scale,
respectively. The sorting test was carried out to specifically evaluate
the influence of the addition of fish oil microcapsules on the salty
taste. For that, samples with the same quantity of NaCl were
grouped, having three groups. Panellists were asked to order the
samples of each group as a function of the salty taste, from saltier to
less salty.

1
0
(=) s} wn ) (=) wn 2] n (=] n s 2} (=]
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2.6. Statistical analysis

The influence of the quantity of fish oil microcapsules and NaCl

added to the burger and the cooking effect were analyzed by multi-way
analysis of variance with interactions. When a significant effect (p less
than 0.05) was detected, paired comparisons between means were
conducted using Tukey’s test. In the cases of the acceptability and
sorting tests, the non-parametric Kruskal Wallis method and Kramer
range table were applied, respectively. The statistical analyses were
using the program IBM SPSS Statistics v.22.

3. Results and discussion

3.1. Characterization of fish oil microcapsules and burgers

Fig. 1 shows the percentage of total (8.36 + 0.40 %) and external oil
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Fig. 2. Lipid content (bars) and oxidation stability (line) in burgers as affected by cooking (Fresh vs. Cooked), and the content of NaCl (N: normal, RS: reduced salt,
LS: low salt) and fish oil microcapsules added (no addition: C; added with 4.5 (M4.5), 6.5 (M6.5) and 8.5 (M8.5) % of fish oil microcapsules).
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Table 2
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p-value of cooking (C), quantity of added NaCl (S) and fish oil microcapsules (M), and combined effects on lipid content, lipid oxidation level (TBARs), lipid profile and

instrumental color coordinates (L*, a*, b*).

p© jA®)] p (V) p (CxS) p (CxM) p (SxM) p (CxSxM)
Lipid content <0.001 NS NS NS NS NS NS
TBARs <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.039
C16:0 <0.001 <0.001 <0.001 0.015 NS 0.002 NS
C18:0 <0.001 0.026 <0.001 0.042 NS NS NS
SFA <0.001 NS <0.001 0.028 NS NS NS
C18:1n-9 <0.001 NS <0.001 0.013 NS NS NS
MUFA <0.001 NS <0.001 0.018 NS NS NS
C18:2n-6 0.018 <0.001 <0.001 0.042 NS NS NS
PUFA 0.012 <0.001 <0.001 0.022 NS NS NS
EPA + DHA 0.001 <0.001 <0.001 0.002 NS <0.001 <0.001
w-6/w-3 0.492 <0.001 <0.001 NS NS <0.001 NS
L* <0.001 0.001 NS <0.001 <0.001 0.003 <0.001
a* <0.001 <0.001 0.011 <0.001 <0.001 <0.001 0.002
b* <0.001 <0.001 <0.001 0.001 <0.001 <0.001 <0.001
Aceptability 0.001 <0.001

NS: non significant; SFA, MUFA and PUFA: sum of saturated, monounsaturated and polyunsaturated fatty acids.

(4.13 £ 0.34 %) in the fish oil microcapsules of the present study, giving
an encapsulation efficiency of 50.47 + 5.30 %. The quantity of EPA and
DHA was 1.95 + 0.27 and 11.28 + 1.61 mg/g microcapsule, respec-
tively. These values are within the range of those published in previous
studies.

Proximate composition of burgers was determined to quantify the
Kcal/100 g and, consequently, the quantity of microcapsules that should
be added to have, at least, 40 mg EPA + DHA/100 g and 100 Kcal
product. Percentage of proteins, lipids and carbohydrates was 21.94 +
0.21 %, 6.25 £+ 1.26 % and 0.13 + 0.01 %, respectively, which supposes
143.53 Kcal/100 g burger. Thus, 3.02 g of fish oil microcapsules per
69.65 g burger, which contain 100 Kcal, should be added to excess
slightly the requirement of 40 mg EPA + DHA/100 g and 100 Kcal
product. This means the addition of 45 g of fish oil microcapsules per kg
of dough (4.5 %, M4.5). To evaluate the addition of different quantities
of fish oil microcapsules, two more batches were elaborated with 6.5 and
8.5 % of fish oil microcapsules (Table 1).

3.2. Lipid profile and oxidation stability in burgers

Fig. 2 exposes the lipid content and oxidation stability in burgers as
affected by fish oil microcapsules addition, NaCl content and cooking,
and p-values of these effects are shown in Table 2. The addition of fish oil
microcapsules and salt content did not influence significantly on the
lipid content. Previous studies have also found similar lipid content in
meat sample with and without fish oil microcapsules. This can be
explained by the small quantities of microcapsules added, no being
enough to led to significant changes in the lipid content of the enriched
samples. However, the cooking effect was significant, having, in general,
a higher lipid content in cooked than in fresh samples, which can be
related to the water losses during the cooking of the burger (Aquilani
et al., 2018).

Regarding the lipid oxidation (Fig. 2), the addition of fish oil mi-
crocapsules, quantity of added salt and cooking, as well as their com-
bination, significantly influenced on TBARs values (Table 2). As
expected, cooked samples showed higher TBARs levels than fresh ones,
because of the boosting effect of high temperature on the oxidation
processes during cooking (Aquilani et al., 2018). Besides, batches with
the highest quantities of salt (N) obtained higher TBARs levels in com-
parison to RS and LS ones, especially in fresh samples. This is expected
since it is well demonstrated the pro-oxidant activity of salt in meat and
meat products, which is ascribed to different mechanisms: the disruption
of the cell membrane integrity, which facilitates the contact of the lipid
with the oxidizing agents, the release of iron ions or the inhibition on
antioxidant enzymes like catalase, glutathione peroxidase or superoxide
dismutase (Mariutti & Bragagnolo, 2017). The addition of fish oil

microcapsules significantly influenced in the levels of TBARs, this effect
being specially marked in fresh samples with the highest NaCl content
(N), increasing from C to M4.5 and to M6.5 and M8.5. However, in the
rest of batches (Fresh RS and LS; Cooked N, RS and LS), the addition of
fish oil microcapsules did not lead to a great increase in the TBARs
values. This slight effect on lipid oxidation due to the addition of fish oil
microcapsules in burgers is in concordance with previous findings in
different meat products (Aquilani et al., 2018; Jiménez-Martin et al.,
2016a) and may be explained by the capability of the microcapsule
layers to minimize the contact and reactivity of the fish oil with the
oxidant promoters in the meat products and to avoid the propagation of
oxidation radicals, in the case of there being, through the meat product.
In contrast, the influence of the content of salt and the cooking was
remarkable, with the highest TBARs values found in N cooked and N
fresh samples, followed in decreasing order by RS cooked and LS cooked,
RS fresh, and finding the lowest TBARs values in LS fresh batches. These
results are quite in concordance with previous studies that have shown
an increase in lipid oxidation in different meat products as affected by
salt and cooking (Mariutti et al., 2011; Mariutti & Bragagnolo, 2017).
Nevertheless, it is also worth to mention that TBARs values in all batches
of the present study are further from those levels related to the
perception of anomalous sensory attributes, which are around 1-2 mg
MDA/kg sample (Barbut et al., 1990).

The lipid profile of burgers of this work is exposed in Fig. 3. Major
fatty acids were oleic acid (C18:1n-9) (880-1800 mg/100 g sample),
palmitic acid (C16:0) (645-1285 mg/100 g sample), stearic acid (C18:0)
(317-626 mg/100 g sample) and linoleic acid (C18:2n-6) (280-498 mg/
100 g sample). Miristic acid (C14:0), palmitoleic acid (C16:1n-7), mar-
garic acid (C17:0), linolenic acid (C18:3n-6), gadoleic acid (C20:1n-11)
and arachidonic acid (C20:6n-6) were quantified between 20 and 115
mg/100 g sample, and lower values were found for the rest of identified
fatty acids (C10, C11, C12, C14:1, C15, C15:1, C17, C17:1, C18:3n-3,
C20:0, C20:2, C20:3n-3, C21, C22, C22:2 and C23). Thus, sum of satu-
rated fatty acids (SFA) obtained the highest quantities (1448-2908 mg/
100 g sample), followed by sum of monounsaturated fatty acids (MUFA)
(998-1962 mg/100 g sample) and sum of PUFA being the minor family
of fatty acids (390-767 mg/100 g sample). This lipid profile in burgers is
expected and reflected the fatty acid composition of the ingredients
(https://www.bedca.net/bdpub/ last access in November 2022).

Quantities of major fatty acids, SFA, MUFA, PUFA, EPA + DHA and
®-6/®-3 ratio and results (p-value) on statistical analysis are shown in
Fig. 3 and Table 2, respectively. In general, it was noted a significant
increase of fatty acids quantities after cooking, as consequence of the
water losses while cooking that led to concentrate the components in the
foods (Aquilani et al., 2018; Solomando et al., 2020b). The addition of
fish oil microcapsules significantly increased the quantities of palmitic
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Fig. 3. Lipid profile (A: sum of saturated
fatty acids (SFA), palmitic (C16:0) and
stearic fatty acids (C18:0); B: sum of
monounsaturated fatty acid (MUFA) and
oleic acid (C18:1n-9); C: sum of poly-
unsaturated fatty acids (PUFA) and lino-
leic acid (C18:2n-6); D: sum of EPA +
DHA and w-6/w-3 ratio) in burgers as
affected by the cooking, and content of
NaCl (N: normal, RS: reduced salt, LS: low
salt) and fish oil microcapsules added (no
addition: C; added with 4.5 (M4.5), 6.5
(M6.5) and 8.5 (M8.5) % of fish oil
microcapsules).
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Fig. 4. Instrumental colour coordinates in burgers as affected by the cooking (Fresh vs. Cooked), and content of NaCl (N: normal, RS: reduced salt, LS: low salt) and
fish oil microcapsules added (no addition: C; added with 4.5 (M4.5), 6.5 (M6.5) and 8.5 (M8.5) % of fish oil microcapsules).

acid (C16:0), stearic acid (18:0), oleic acid (C18:1n-9), EPA, DHA, SFA
and MUFA, which is in concordance with the fatty acid composition of
the fish oil used in this study (Jiménez-Martin et al., 2016b). It is also
noted the increase in EPA and DHA with the content of fish oil micro-
capsules added. Thus, the samples added with 4.5% of fish oil micro-
capsules were susceptible to be label as “source of omega-3 fatty acids”
and those contained 6.5 and 8.5 % of fish oil microcapsules could have
been labelled as “high content in omega-3 fatty acids” (Reform, 2010).
This result indicates the capability of the microcapsules of the present
study to enrich meat products in EPA and DHA, reinforcing previous
findings (Aquilani et al., 2018; Jiménez-Martin et al., 2016a; Solomando
et al., 2020b). As consequence of the EPA + DHA increased, it is also
remarkable the significant decrease in w-6/w-3 ratio due to the fish oil
microcapsules addition, with values lower than 4 in samples with 6.5%
and 8.5 % of fish oil microcapsules and around 6 in burgers with 4.5%
microcapsules in comparison to the values in control batches (around
20-25).

The quantities of salt added also influenced significantly on the lipid
profile, with lower quantities of palmitic acid (C16:0), stearic acid
(C18:0), linoleic acid (C18:2n-6), EPA and DHA in RS and LS samples in
comparison to N ones, this effect being especially notable for the
quantity of EPA 4+ DHA in cooked samples added with 6.5 and 8.5 % of
fish oil microcapsules (Fig. 3). In fact, a significant combined effect
(cooking x fish oil microcapsules x quantity of salt) has been found for
EPA + DHA (Table 2). The decrease in these fatty acids due to the
reduction of the salt content is difficult to explain, but one might hy-
pothesize the interaction between the sodium ions, positively charged,
with the lecithin wall of the microcapsules, with negative charges. In
fact, the fish oil microcapsules of the present study are based on the
combination of an ionic emulsifier (lechitin) with polyelectrolytes
(maltodextrine and chitosan) of opposite charge. Thus, the sodium ions
should also be surrounded the fish oil drops, which may suppose some
extra protection of internal fish oil, and even, the preservation of the
external oil of the microcapsules. In the N batches, with 2% salt, there
would be more Na™ - lecithin interactions in comparison to RS and LS
ones, which could explain the obtained results.

Table 3

Results on texture profile analysis of cooked burgers as affected by the content of
NacCl (p(S); N: normal, RS: reduced salt, LS: low salt) and fish oil microcapsules
added (p(M); no addition: C; added with 4.5 (M4.5), 6.3 (M6.3) and 8.1 (M8.1)
% of fish oil microcapsules) and combined effects (p(SxM)).

Hardness (g)  Adhesiveness Cohesiveness ~ Chewiness
(gxs) @)
N C 8130.04 + —2.07 £1.99 0.43 £+ 0.04 2748.73 +
366.71 504.77
M4.5 8994.60 + —6.37 + 3.57 0.41 £+ 0.02 2633.87 +
679.77 312.92
M6.5 8059.01 + —2.32+1.14 0.41 +0.03 2410.56 +
611.32 116.57
M8.5 8632.20 + —3.17 + 3.36 0.40 £+ 0.01 2457.17 +
663.38 77.29
RS C 7470.23 + —2.39 + 1.68 0.46 + 0.02 2592.27 +
461.12 396.08
M4.5 5924.31 + —2.77 £0.75 0.35 + 0.03 1419.87 +
661.09 77.58
M6.5 8546.92 + —1.43 + 0.57 0.46 £+ 0.02 3179.56 +
312.21 122.93
M8.5 7900.99 + —1.73 £ 0.54 0.44 + 0.02 2562.54 +
764.78 399.72
LS C 6544.23 + —4.05 £ 3.47 0.37 + 0.04 1542.61 +
606.99 219.48
M4.5 7228.53 + —4.80 &+ 3.23 0.39 + 0.04 1862.68 +
728.16 375.70
M6.5 7160.56 + -1.89 £1.29 0.41 £+ 0.02 1909.84 +
725.25 400.32
M8.5 7921.50 + —2.05+1.11 0.40 £ 0.02 1981.31 +
914.41 297.57
p(S) <0.001 NS 0.017 <0.001
p (M) 0.038 NS 0.01 0.011
P 0.003 NS 0.005 <0.001
(SxM)

NS: non significant.

3.3. Instrumental color and texture in burgers

Fig. 4 shows values of instrumental color coordinates (L* a*, b*) in
fresh and cooked burgers added with different salt and fish oil micro-
capsules content, and p-values of evaluated effects are in Table 2. There
were significant p-values for individual and combined factors, with
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Fig. 5. Acceptability of cooked burgers as affected by the content of NaCl (N: normal, RS: reduced salt, LS: low salt) and fish oil microcapsules added (no addition: C;

added with 4.5 (M4.5), 6.5 (M6.5) and 8.1 (M8.5) % of fish oil microcapsules).

cooking increasing L* and decreasing a* values. Previous studies in meat
burgers have also found modifications in instrumental color coordinates
from fresh to cooked samples (Aquilani et al., 2018; Martinez et al.,
2012). The influence of salt content was especially marked in fresh
samples, decreasing L* and increasing a* with the added salt, whereas in
cooked samples it is difficult to note specific differences. Similarly, the
addition of fish oil microcapsules was not so notable, increasing a*
values, especially, in fresh burgers with low salt content. These findings
are quite in concordance previous works that did not report important
differences in color coordinates between meat products with and
without addition of fish oil microcapsules (Aquilani et al., 2018) and
different salt content (Rios-Mera et al., 2019). In fact, although some
statistical differences have been found, the values for L*, a* and b* of all
batches were within a narrow range (47-63, 7-16.33 and 6.33-13,
respectively).

Results on texture profile analysis of cooked burgers as affected by
the content of salt and fish oil microcapsules addition are exposed in
Table 3. Hardness, cohesiveness and chewiness were significantly
influenced by these two factors as well as by their combined effect. In
general, these instrumental texture characteristics increase with the
increase in the content of salt and microcapsules, with this last effect
being specially marked in the LS batches. In agreement with these re-
sults, in meat products, hardness have been related positively related to
the salt content, due to its influence on proteolysis (Pérez-Palacios et al.,
2011). Other authors (Kawecki et al., 2021; Stangierski et al., 2022)
have also found the effect of addition of fish oil microcapsules on
hardness, cohesiveness and chewiness of poultry sausages, being prin-
cipally ascribed to the formation of a spatial matrix between the wall of
the microcapsules and the ingredients of the product and of a more
compact phase that bind all the ingredients of the finished product when
it is heated. However, no marked differences in texture attributes were
detected in cooked or dry-cured sausages enriched with fish oil micro-
capsules (Solomando et al., 2021).

3.4. Acceptability and sorting of cooked burgers

Fig. 5 exposes results on acceptability of cooked burgers with
different salt and fish oil microcapsules content, with both effects being
significant (Table 2). In N burgers, with usual salt content (1.8%), the
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Fig. 6. Principal Component Analysis on data from cooked burgers as affected
by the content of NaCl (N: normal, RS: reduced salt, LS: low salt) and fish oil
microcapsules added (no addition: C; added with 4.5 (M4.5), 6.5 (M6.5) and 8.5
(M8.5) % of fish oil microcapsules).

T
-2,00000

addition of fish oil microcapsules decreased the scores in acceptability,
which contrast with previous studies with dry-cured sausages and
chicken nuggets added with fish oil microcapsules (Jiménez-Martin
etal., 2016b; Solomando et al., 2021), which did not reported significant
differences in acceptability between control and enriched batches. Be-
sides, these authors found an increase in saltiness in some enriched
batches, which may be related to results of the present work. However,
in RS, the acceptability of M4.5 and M6.5 burgers was higher than of C
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Fig. 7. Results on the sorting test, based on the salty savour, of normal, reduced salt and low salt cooked burgers added with different content of fish oil micro-
capsules (no added (C) and added with 4.5, 6.5 and 8.5 % of fish oil microcapsules (M4.5, M6.5 and M8.5)).

and M8.5 batches; in LS, C and M.4.5 batches showed higher accept-
ability than M6.5 and M8.5 ones. Besides, a PCA was carried out with
data from cooked samples to have a map of the distribution of batches
and its relation to significant characteristics, especially acceptability
(Fig. 6). Principal components accounted for 68.98% of total variability
(PC1: 58.45% and PC2: 10.53%). It can be differentiated four main
groups of samples distributed along upper and lower quadrants. From
left to right quadrants, the first group was composed by not enriched
batches (NC, RSC, LSC) and correlated positively with w-6/w-3 ratio,
while the second one was mainly formed by samples enriched with 4.5%
fish oil microcapsules (N4.5, RS4.5, LS4.5) and the RS batch with 6.5%
fish oil microcapsules (RS6.5), being highly related with acceptability;
samples with 6.5 and 8.5 % of fish oil microcapsules formed third (N6.5.
LS6.5, RS6.5 and LS 8.5) and fourth groups (N8.5), with the last one
showing correlation with SFA, MUFA, PUFA and EPA + DHA quantities.
These results may point out the positive influence of combining the
addition of moderate quantities of fish oil microcapsules with the
reduction of salt content on acceptability of pork-beef burgers.

Besides, consumers were also asked to sort burgers with the same
quantity of salt and different fish oil microcapsules content in increasing
order of saltiness. As observed in Fig. 7, for the three groups of samples
(N, RS and LS), control samples were considered as the lowest salty,
following by M4.5, M6.5 and M8.5 samples in increasing order, which
corroborated our premise, indicating the addition of fish oil microcap-
sules as a strategy to both increase the content of EPA and DHA and
reduce the addition of salt content. These findings may be ascribed to the
wall material of the microcapsules since the presence of hydrocolloids,
such as maltodextrin or chitosan used to prepare the microcapsules in
the present work, influences the perception of salty taste, increasing
with the amount material (Busch et al., 2013). Moreover, these results
may also be related to the hypothesis of (Lad et al., 2012), who pointed
out that the salt and saliva mixture may be improved by the oil phase,
which may be the external fish oil of the microcapsules in this experi-
ment, and then the transport of salt to the taste buds.

4. Conclusions

Characterization of both fish oil microcapsules and pork-beef burgers
was a key stage to stablish the right quantity of fish oil microcapsules to
label products with nutritional claims on omega-3.

The addition of fish oil microcapsules in combination to salt reduc-
tion and cooking had a slight influence on oxidation stability or
instrumental texture and colour parameters. However, these effects
significantly modify the lipid profile, increasing the quantity of EPA and
DHA.

The addition of moderate quantities of fish oil microcapsules and salt
reduction did not decrease the acceptability but increased the saltiness

perception, which is a remarkable finding from a nutritional point of
view.

Thus, it may recommend the combined strategy of fish oil micro-
capsules addition (4.5-6.5 %) with salt reduction to develop acceptable
®-3 enriched meat products labelled with nutrition claims related to
sodium/salt (“reduced salt” or “low salt content™) and omega-3 (“source
of omega-3 fatty acids” or “rich in omega-3 fatty acids”).

Ethical Statement.

Since sensory analysis were carried out for this study and human
ethics committee or formal documentation process are not available,
authors confirm the verbal consent of consumers as well as the appli-
cation of appropriate protocols for protecting the rights and privacy of
all participants during the execution of the sensory analysis (no coercion
to participate, full disclosure of study characteristics, no release of in-
dividual participant data, ability to withdraw from the study at any time,
etc).

CRediT authorship contribution statement

Juan Carlos Solomando: Data curation, Formal analysis, Investi-
gation, Supervision, Writing — review & editing. Fatima Vazquez:
Investigation, Methodology. Teresa Antequera: Conceptualization,
Funding acquisition, Writing — review & editing. Carlos Folgado:
Investigation, Methodology. Trinidad Perez-Palacios: Conceptualiza-
tion, Formal analysis, Funding acquisition, Project administration, Su-
pervision, Writing — original draft.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Data availability
Data will be made available on request.
Acknowledgments/Funding

Trinidad Perez-Palacios thanks the Spanish Government (MCIN / AEI
/10.13039 / 501100011033) for the Ramén y Cajal grant (RYC-2017-
21842). Juan Carlos Solomando acknowledge their funding from
Fundacion Valhondo Callaf. This work was supported by research pro-
jects funded by Junta de Extremadura — Consejeria de Economia, Ciencia
y Agenda Digital, European Union - ERDF (European Regional Devel-
opment Fund) (IB20138) and Spanish Government (PID2020-
115973RB-C21 - MCIN / AEI / 10.13039 / 501100011033).



J. Carlos Solomando et al.

References

Aquilani, C., Pérez-Palacios, T., Jiménez Martin, E., Antequera, T., Bozzi, R., & Pugliese,
C. (2018). Cinta Senese burgers with omega-3 fatty acids: Effect of storage and type
of enrichment on quality characteristics. Archivos de Zootecnia, 2018. https://doi.
org/10.21071/az.v67iSupplement.3242.

AOAC. (2000). Association of official Analytical Chemist. Association of Official Analysis
Chemists International.

Barbut, S., Kakuda, Y., & Chan, D. (1990). Research Note: Effects of Carbon Dioxide,
Freezing and Vacuum Packaging on the Oxidative Stability of Mechanically Deboned
Poultry Meat. Poultry Science, 69(10), 1813-1815. https://doi.org/10.3382/
ps.0691813

Brown, 1. J., Tzoulaki, I., Candeias, V., & Elliott, P. (2009). Salt intakes around the world:
Implications for public health. International Journal of Epidemiology, 38, 791-813.
https://doi.org/10.1093/ije/dyp139

Busch, J. L. H. C,, Yong, F. Y. S., & Goh, S. M. (2013). Sodium reduction: Optimizing
product composition and structure towards increasing saltiness perception. Trends in
Food Science and Technology, 29(1), 21-34. https://doi.org/10.1016/j.
tifs.2012.08.005

Costa de Conto, L., Fernandes, G. D., Grosso, C. R. F., Eberlin, M. N., & Gongalves, L. A. G.
(2013). Evaluation of the fatty matter contained in microcapsules obtained by
double emulsification and subsequent enzymatic gelation method. Food Research
International, 54(1), 432-438. https://doi.org/10.1016/j.foodres.2013.07.013

European Food Safety Authority (EFSA) (2012). EFSA assesses safety of long-chain
omega-3 fatty acids. Available at https://www.efsa.europa.eu/en/press/news/
120727.

European Regulation (EU) No 1924,/2006 of the European parliament and of the council
of 20 December 2006 on nutrition and health claims made on foods. Available at
https://eur-lexeuropaeu/legal-content/en/ALL/?uri=CELEX%3A32006R1924.

European Regulation (EU) No 432/2012 of 16 May 2012 establishing a list of permitted
health claims made on foods, other than those referring to the reduction of disease
risk and to children’s development and health. Available at https://eur-
lexeuropaeu/legal- content/EN/ALL/?uri=CELEX%3A32012R0432.

European Regulation (EU) No 1047/2012 of 8 November 2012 Amending Regulation
(EC) N° 1924/2006 With Regard to the List of Nutrition Claims. Available at https://
eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32012R1047.

Folch, J., Lees, M., & Sloane Stanley, G. H. (1957). A simple method for the isolation and
purification of total lipids from animal tissues. Journal of Biology and Chemistry, 226,
497-509.

Gouin, S. (2004). Microencapsulation: Industrial appraisal of existing technologies and
trends. Trends in Food Science & Technology, 15(7-8), 330-347. https://doi.org/
10.1016/J.TIFS.2003.10.005

Jiménez-Martin, E., Gharsallaoui, A., Pérez-Palacios, T., Carrascal, J. R., & Rojas, T. A.
(2014). Suitability of Using Monolayered and Multilayered Emulsions for
Microencapsulation of »-3 Fatty Acids by Spray Drying: Effect of Storage at Different
Temperatures. Food and Bioprocess Technology, 8(1). https://doi.org/10.1007/
s11947-014-1382-y

Jiménez-Martin, E., Pérez-Palacios, T., Carrascal, J. R., & Rojas, T. A. (2016a).
Enrichment of Chicken Nuggets with Microencapsulated Omega-3 Fish Oil: Effect of
Frozen Storage Time on Oxidative Stability and Sensory Quality. Food and Bioprocess
Technology, 9(2). https://doi.org/10.1007/511947-015-1621-x

Jiménez-Martin, E., Antequera Rojas, T., Gharsallaoui, A., Ruiz Carrascal, J., & Pérez-
Palacios, T. (2016b). Fatty acid composition in double and multilayered
microcapsules of ©-3 as affected by storage conditions and type of emulsions. Food
Chemistry, 194. https://doi.org/10.1016/j.foodchem.2015.08.046

Kawecki, K., Stangierski, J., & Cegielska-Radziejewska, R. (2021). The Influence of
Packing Methods and Storage Time of Poultry Sausages with Liquid and
Microencapsulated Fish Oil Additives on Their Physicochemical. Microbial and
Sensory Properties. Sensors, 21(2653), 1-19.

Kloss, L., Meyer, J. D., Graeve, L., & Vetter, W. (2015). Sodium intake and its reduction
by food reformulation in the European Union - A review. NFS Journal, 1, 9-19.
https://doi.org/10.1016/J.NFS.2015.03.001

Kuo, W. Y., & Lee, Y. (2014). Effect of Food Matrix on Saltiness Perception-Implications
for Sodium Reduction. Comprehensive Reviews in Food Science and Food Safety, 13(5),
906-923. https://doi.org/10.1111/1541-4337.12094

Lad, M., Hewson, L., & Wolf, B. (2012). Enhancing saltiness in emulsion based foods.
Flavour, 1(1), 1-8. https://doi.org/10.1186/2044-7248-1-13

Lilic, S., Nikolic, D., Brankovic Lazic, 1., Borovic, B., Baltic, B., Koricanac, V., & Vranic, D.
(2019). Sodium and potassium contents and ratios in pork stews produced with
lower amounts of sodium chloride. IOP Conference Series: Earth and Environmental
Science, 333(1). https://doi.org/10.1088/1755-1315/333/1/012074

Maruitti, L., & Bragagnolo, N. (2017). Influence of salt on lipid oxidation in meat and
seafood products: A review. Food Research International, 94, 90-100. https://doi.org/
10.1016/j.foodres.2017.02.003

Journal of Functional Foods 105 (2023) 105575

Martinez, B., Miranda, J. M., Vazquez, B. 1., Fente, C. A., Franco, C. M., Rodriguez, J. L.,
& Cepeda, A. (2012). Development of a Hamburger Patty with Healthier Lipid
Formulation and Study of its Nutritional, Sensory, and Stability Properties. Food and
Bioprocess Technology, 5(1), 200-208. https://doi.org/10.1007/511947-009-0268-x

Muguerza, E., Ansorena, D., & Astiasaran, I. (2004). Functional dry fermented sausages
manufactured with high levels of n-3 fatty acids: Nutritional benefits and evaluation
of oxidation. Journal of the Science of Food and Agriculture, 84(9), 1061-1068.
https://doi.org/10.1002/jsfa.1786

Panouillé, M., Saint-Eve, A., de Loubens, C., Déléris, I., & Souchon, 1. (2011).
Understanding of the influence of composition, structure and texture on salty
perception in model dairy products. Food Hydrocolloids, 25(4), 716-723. https://doi.
org/10.1016/j.foodhyd.2010.08.021

Pérez Palacios, T., Salas, A., Mufioz, A., Renato Ocana, E., & Antequera, A. (2022).
Sodium chloride determination in meat products: Comparison of the official
titration-based method with atomic absorption spectrometry. Journal of Food
Composition and Analysis, 108. https://doi.org/10.1016/j.jfca.2022.104425

Pérez-Palacios, T., Ruiz, J., Martin, D., Barat, J. M., & Antequera, T. (2011). Pre-cure
freezing effect on physicochemical, texture and sensory characteristics of Iberian
ham. Food Science and Technology International, 17(2). https://doi.org/10.1177/
1082013210381435

Pérez-Palacios, T., Ruiz, J., Martin, D., Muriel, E., & Antequera, T. (2008). Comparison of
different methods for total lipid quantification in meat and meat products. Food
Chemistry, 110(4), 1025-1029. https://doi.org/10.1016/j.foodchem.2008.03.026

Perez-Palacios, T., Ruiz-Carrascal, J., Solomando, J. C., & Antequera, T. (2019).
Strategies for Enrichment in ©-3 Fatty Acids Aiming for Healthier Meat Products.
Food Reviews International, 35(5). https://doi.org/10.1080/87559129.2019.1584817

Pourashouri, P., Shabanpour, B., Hadi Razavi, S., Mahdi Jafari, S., Shabani, A., &
Aubourg, S. P. (2014). Impact of Wall Materials on Physicochemical Properties of
Microencapsulated Fish Oil by Spray Drying. Food and Bioprocess Technology, 7,
2354-2365. https://doi.org/10.1007/s11947-013-1241-2

Rios-Mera, J. D., Saldana, E., Cruzado-Bravo, M. L. M., Patinho, L., Selani, M. M.,
Valentin, D., & Contreras-Castillo, C. J. (2019). Reducing the sodium content
without modifying the quality of beef burgers by adding micronized salt. Food
Research International, 121, 288-295. https://doi.org/10.1016/].
foodres.2019.03.044

Salih, A. M., Smith, D. M., Price, J. F., & Dawson, L. E. (1987). Modified Extraction 2-
Thiobarbituric Acid Method for Measuring Lipid Oxidation in Poultry. Poultry
Science, 66(9), 1483-1488. https://doi.org/10.3382/ps.0661483

Sandler, S. R., & Karo, W. (1992). Sourcebook of advanced organic laboratory preparations.
Academic Press.

Solomando, J. C., Antequera, T., Ruiz-Carrascal, J., & Perez-Palacios, T. (2020).
Improvement of encapsulation and stability of EPA and DHA from monolayered and
multilayered emulsions by high-pressure homogenization. Journal of Food Processing
and Preservation, 44(1). https://doi.org/10.1111/jfpp.14290

Solomando, J. C., Antequera, T., & Perez-Palacios, T. (2020). Evaluating the use of fish
oil microcapsules as omega-3 vehicle in cooked and dry-cured sausages as affected
by their processing, storage and cooking. Meat Science, 162. https://doi.org/
10.1016/j.meatsci.2019.108031

Solomando, J. C., Antequera, T., Ventanas, S., & Perez-Palacios, T. (2021). Sensory
profile and consumer perception of meat products enriched with EPA and DHA using
fish oil microcapsules. International Journal of Food Science and Technology, 56(6),
2926-2937. https://doi.org/10.1111/ijfs.14932

Stangierski, J., Baranowska, H. M., Rezler, R., & Kawecki, K. (2022). The Effect of
Packaging Methods, Storage Time and the Fortification of Poultry Sausages with Fish
0il and Microencapsulated Fish Oil on Their Rheological and Water-Binding
Properties. Molecules, 27(16). https://doi.org/10.3390/molecules27165235

Valencia, I., Ansorena, D., & Astiasaran, 1. (2006). Nutritional and sensory properties of
dry fermented sausages enriched with n—3 PUFAs. Meat Science, 72(4), 727-733.
https://doi.org/10.1016/j.meatsci.2005.09.022

Valencia, 1., O’Grady, M. N., Ansorena, D., Astiasaran, I., & Kerry, J. P. (2008).
Enhancement of the nutritional status and quality of fresh pork sausages following
the addition of linseed oil, fish oil and natural antioxidants. Meat Science, 80(4),
1046-1054. https://doi.org/10.1016/j.meatsci.2008.04.024

Velasco, J., Marmesat, S., Dobarganes, C., & Marquez-Ruiz, G. (2006). Heterogeneous
Aspects of Lipid Oxidation in Dried Microencapsulated Oils. Journal of Agricultural
and Food Chemistry, 57(5), 1722-1729. https://doi.org/10.1021/jf052313p

Vidal, V. A. S., Paglarini, C. S., Lorenzo, J. M., Munekata, P. E. S., & Pollonio, M. A. R.
(2021). Salted Meat Products: Nutritional Characteristics, Processing and Strategies
for Sodium Reduction. Food Reviews International, https://doi.org/10.1080/
87559129.2021.1949342.

Ye, A., Cui, J., Taneja, A., Zhu, X., & Singh, H. (2009). Evaluation of processed cheese
fortified with fish oil emulsion. Food Research International, 42(8), 1093-1098.
https://doi.org/10.1016/j.foodres.2009.05.006

10


http://refhub.elsevier.com/S1756-4646(23)00175-5/h0005
http://refhub.elsevier.com/S1756-4646(23)00175-5/h0005
https://doi.org/10.3382/ps.0691813
https://doi.org/10.3382/ps.0691813
https://doi.org/10.1093/ije/dyp139
https://doi.org/10.1016/j.tifs.2012.08.005
https://doi.org/10.1016/j.tifs.2012.08.005
https://doi.org/10.1016/j.foodres.2013.07.013
https://www.efsa.europa.eu/en/press/news/120727
https://www.efsa.europa.eu/en/press/news/120727
http://refhub.elsevier.com/S1756-4646(23)00175-5/h0050
http://refhub.elsevier.com/S1756-4646(23)00175-5/h0050
http://refhub.elsevier.com/S1756-4646(23)00175-5/h0050
https://doi.org/10.1016/J.TIFS.2003.10.005
https://doi.org/10.1016/J.TIFS.2003.10.005
https://doi.org/10.1007/s11947-014-1382-y
https://doi.org/10.1007/s11947-014-1382-y
https://doi.org/10.1007/s11947-015-1621-x
https://doi.org/10.1016/j.foodchem.2015.08.046
http://refhub.elsevier.com/S1756-4646(23)00175-5/h0075
http://refhub.elsevier.com/S1756-4646(23)00175-5/h0075
http://refhub.elsevier.com/S1756-4646(23)00175-5/h0075
http://refhub.elsevier.com/S1756-4646(23)00175-5/h0075
https://doi.org/10.1016/J.NFS.2015.03.001
https://doi.org/10.1111/1541-4337.12094
https://doi.org/10.1186/2044-7248-1-13
https://doi.org/10.1088/1755-1315/333/1/012074
https://doi.org/10.1016/j.foodres.2017.02.003
https://doi.org/10.1016/j.foodres.2017.02.003
https://doi.org/10.1007/s11947-009-0268-x
https://doi.org/10.1002/jsfa.1786
https://doi.org/10.1016/j.foodhyd.2010.08.021
https://doi.org/10.1016/j.foodhyd.2010.08.021
https://doi.org/10.1016/j.jfca.2022.104425
https://doi.org/10.1177/1082013210381435
https://doi.org/10.1177/1082013210381435
https://doi.org/10.1016/j.foodchem.2008.03.026
https://doi.org/10.1080/87559129.2019.1584817
https://doi.org/10.1007/s11947-013-1241-2
https://doi.org/10.1016/j.foodres.2019.03.044
https://doi.org/10.1016/j.foodres.2019.03.044
https://doi.org/10.3382/ps.0661483
http://refhub.elsevier.com/S1756-4646(23)00175-5/h0160
http://refhub.elsevier.com/S1756-4646(23)00175-5/h0160
https://doi.org/10.1111/jfpp.14290
https://doi.org/10.1016/j.meatsci.2019.108031
https://doi.org/10.1016/j.meatsci.2019.108031
https://doi.org/10.1111/ijfs.14932
https://doi.org/10.3390/molecules27165235
https://doi.org/10.1016/j.meatsci.2005.09.022
https://doi.org/10.1016/j.meatsci.2008.04.024
https://doi.org/10.1021/jf052313p
https://doi.org/10.1016/j.foodres.2009.05.006

	Addition of fish oil microcapsules to meat products – Implications for omega-3 enrichment and salt reduction
	1 Introduction
	2 Material and methods
	2.1 Reagents
	2.2 Materials
	2.3 Experimental design
	2.4 Analysis of microcapsules
	2.5 Burger analysis
	2.6 Statistical analysis

	3 Results and discussion
	3.1 Characterization of fish oil microcapsules and burgers
	3.2 Lipid profile and oxidation stability in burgers
	3.3 Instrumental color and texture in burgers
	3.4 Acceptability and sorting of cooked burgers

	4 Conclusions
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Data availability
	Acknowledgments/Funding
	References


