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Abstract: Diversified strategies to incorporate healthier lipids in processed meat products are being
developed. Alternative fat sources to replace animal fat associated with the reduction of fat content
are some of the methods used to obtain healthier meat products well recognized by consumers. In
order to create a healthier product that can also be consumed in the Halal and Kosher consumer
markets, an experimental study was developed to assess the effects of replacing the pork fat (4%)
with the same amount of hydrogel emulsion incorporating olive oil or sunflower oil. Three burgers
were randomly selected from each lot manufactured and analyzed in triplicate. Burgers were
physicochemical analyzed for pH, water activity, composition, fatty acid profile, color, yield, texture,
oxidative stability, and volatile compounds and compared according to the fat source. Burgers
with hydrogel emulsions can be considered reduced-fat meat products with a healthier fatty acid
profile than pork fat burgers. The use of hydrogel emulsions did not negatively affect the quality
characteristics assessed in the product and improved the oxidative stability during the storage of
cooked burgers. By the characteristics and formulations evaluated, the replacement of pork fat with
olive oil hydrogel emulsion proved to be the most effective strategy for obtaining a healthier goat
meat product.

Keywords: goat meat; olive oil; sunflower oil; hydrogel emulsion; burgers; healthy products

1. Introduction

Recent social changes have led consumers to a greater awareness of healthy eating [1]
and the food industry to continuously research and adopt different approaches to pro-
duce healthier foods, more attractive to consumers. Among those approaches is the food
reformulation aimed to reduce energy density, salt, or saturated fat in meat products, or
promote the presence of functional components or favorable nutrients [2]. In this regard,
the meat industry is facing the challenge to replace animal fat with oils, the main purpose
of this is to improve the fatty acid profile and reduce cholesterol and its oxidation deriva-
tives [3—10]. The foremost difficult task is to avoid the negative effect of fat replacement
on the technological and sensory quality traits to which animal fat positively contributes,
such as flavor, mouthfeel, texture, and overall perception [8,9]. Facing this challenge, meat
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researchers are recently investigating the application of solid plant-based oil structured
emulsions such as oleogels and hydrogels to replace animal fat [10-12].

Goat meat is less popular by far than pork, beef, or chicken in the occidental countries’
daily diet. However, goat meat is part of local food traditions, goat meat eaters represent
a niche market, and goat meat consumption appeared to show a trend to increase in the
last decade [13,14]. The potential of goat meat, from the nutritive point of view, relies
mostly on being a healthier alternative to beef and pork, with lower fat content and
interesting fatty acid (FA) profile [15]. The lipidic profile of lean goat meat is mostly
composed of unsaturated FAs, as monounsaturated (MUFAs) represents approximately
45% and polyunsaturated (PUFAs) are 10% of total FAs [16]. In order to make it more
appealing, different processing methods can be applied to this meat, such as curing, drying,
or incorporation into patties, sausages, and burgers [17]. The processing of goat meat
helps to avoid the disposal of meat considered not marketable as fresh meat, due to its
unfavorable eating quality and adds value to those [18]. In the countries where the pork
consumption is extensive the usual source of fat used to prepare fat-containing ruminant
meat products, including goat meat products, such as sausages or patties is pork fat [19,20],
due to its favorable technological properties and positive effects on their eating quality.
However, its lipidic profile is not desirable for healthy food [3-7].

Previous studies have shown that several reformulation approaches, i.e., reducing
fat content, using different fat sources, and adding cereal flours, in different goat meat
products i.e., sausages, nuggets, or paté, can result in better sensory and nutritional
characteristics [8,21-26]. Following this research and considering that conventional burgers
have a solid image among consumers not linked to healthiness, it can be hypothesized
that the use of solid oil structured emulsion might improve the nutritional quality of goat
burgers with no negative effect on their technological quality traits. This approach would
result in new and healthier options for regular goat meat consumers, for the ones who have
restricted diets when it comes to pork meat, or animal fat, and for consumers demanding
Kosher and Halal meat products in the market [27]. The aim of this study is to evaluate
the quality of goat meat burgers made with olive oil and sunflower oil hydrogel emulsions
(HE), with a special focus on fatty acid profiles and volatile compounds.

2. Materials and Methods
2.1. Burger Formulations and Production

Three types of goat meat burgers were prepared, one using pork fat (GPF) and the
other two using olive oil (GO) or sunflower oil (GSF) hydrogel emulsions as lipid sources
(Table 1). The meat used for burgers consisted of fresh goat meat from the shoulder and
loin of 5 years old Serrana Goats carcasses. Hydrogel emulsions used to produce the
burgers were prepared following the guidelines set out by Barros et al. [28]: 56% of water,
37.3% of olive oil or sunflower oil, and 6.7% of Prosella® (Laboratorios Amerex S.A.U.,
Madrid, Spain), a mixture composed of calcium sulfate, sodium alginate, wheat glucose,
disodium diphosphate, and sodium ascorbate. The fatty acid profile of the pork fat used,
coming from Bisaro pork belly, was C14:0, 1.3%; C16:0, 22.3%; C16:1, 2.1%; C18:0, 11.9%;
C18:1n-9, 41.9%; C18:2n-6, 15.7%; C18:3n-3, 1.2%; and C20:1n-9, 0.78% [29]. The olive oil
used was a Trds-os-Montes Protected Origin Designation (PDO) brand, containing: C16:0,
11.2%; C17:1n-8, 0.2%; C18:0, 3.3%; C18:1n-9, 75.2%; C18:2n-6, 7.7%; C20:0, 0.4%; C18:3n-3,
0.8%; C20:1n-9, 0.2%; and C22:0, 0.1% [29]. The sunflower o0il used, from a commercial local
brand, had the following nutritional allegation for lipid composition: SFA, 10%; MUFA,
28%; and PUFA, 53%.

Burgers were made at the Carcass and Meat Quality Laboratory at Agriculture School
of Polytechnic Institute of Braganca (Portugal), according to the Portuguese Standard NP
588/2008 [30] and following the process from Teixeira et al. [7]. Briefly, the meat and the
pork fat or hydrogel emulsions were grounded using a 30-mm sized plate in a butcher’s
meat grinder, then salt and water were added, and the mixture was kneaded by hand for
10 min. A total of 800 g of each formulation was separately prepared and the mixtures were
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divided into 7 approximately 120 g balls, which were shaped into 5- to 6-cm diameter and
1.5- to 2.0-cm thick burgers and covered with food purpose cellophane plastic (Figure 1).
The burgers were packaged in vacuum bags, sealed, and frozen at —18 °C for storage until
further analysis. Before analysis, the burgers were thawed at cold temperature (4 °C) for
24 h and, after being removed from the packaging, each analysis was performed in triplicate
(in three different burgers per treatment). Results were then summed up to achieve the
average values.

Table 1. Formulation of goat meat burgers expressed in percentage.

Ingredients (%) GPF GO GSF
Goat meat 87.9 87.9 87.9
Pork fat 4 - -
Olive oil hydrogel - 4 -
Sunflower oil ) } 4
hydrogel
NaCl 1.1 1.1 1.1
H,O 7 7 7

GPF: Pork fat; GO: Olive oil hydrogel emulsion; GSF: Sunflower oil hydrogel emulsion.

Figure 1. Fresh burgers covered with oval clear plastic cellophane discs.

2.2. Raw Burger Technological Quality Traits and Composition Analyses

Burger pH was measured according to the Portuguese Standard NP-ISO 3441,/2008 [31],
with a Crison 507 pH-meter equipped with a 52-32 puncture electrode (Crison Instruments,
Barcelona, Spain). Water activity (aw) was determined according to AOAC [32] using a
probe HigroPalmAw1 Rotronic 8303 (Bassersdorf, Switzerland). Color measurements were
obtained as CIELab coordinates using a Lovibond RT Series—SP62 spectrophotometer
(The Tintometer Limited, Wiltshire, UK), with the equipment using a range from 400 to
700 nm for the measurement taken in 10 nm intervals [33] (pp. 17-23). Each burger was
evaluated three times on both surfaces for lightness (L*), redness (a*), and yellowness (b*),
from which chroma (saturation index) and hue angle were calculated, according to the
Equations (1) and (2), respectively.

Ct = (a*2 +b*2) )

h* = tan~!(a* /b*) )

The oxidation status of the raw burgers, assessed by the thiobarbituric acid reactive
substances (TBARS), was determined by extraction of malondialdehyde (MDA) as stated
in NP-ISO-3356 /2009 with modifications. In the extraction procedure, approximately 2 g
of sample were used and after homogenization with 20 mL of distilled water, TCA 25%
was added and centrifuged at 12,000 rpm for 15 min. The results were expressed as mg of
MDA /kg of the sample [34].
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Moisture content was analyzed according to NP 1614/2002 [35]; briefly, approximately
3 g of sample were added with 5 mL of ethanol and heated at 70 °C until its complete evapo-
ration; after, they were oven-dried at 103 °C =£ 2 °C until constant weight. For ashes content,
samples were incinerated in muffle at 550 °C, according to NP-ISO 1615/2002 [36]. Total
lipidic content was extracted from a 25-g sample amount, according to Folch et al. [37]. Pro-
tein content was assessed in accordance with NP 1612 /2006, using the Kjeldahl method [38].
Myoglobin was assessed as defined by Hornsey [39] using the reflectance of the exposed
surface by spectroscopy with a Spectronic Unicam 20 Genesys at 512 nm and expressed
as mg myoglobin/g fresh muscle. Collagen content was performed via hydroxyproline
determination as described in NP 1987/2002 [40], and chloride content, expressed as
sodium chloride as a mass percentage, was measured following the Portuguese Standard
NP 1845/1982 [41]. Finally, the FA profile was determined from approximately 50 mg of the
extracted fat. Transesterification was performed as described by Shehata et al. [42] with the
modifications applied by Dominguez et al. [43] and detailed in Teixeira [29]. Results were
expressed as g of FA /100 g of total FA. The FA profile quality was assessed by PUFA /SFA
and n-6/n-3 ratios (Department of Health—London, UK, 1994) [44], and the indexes of
atherogenicity (AI) and thrombogenicity (T1), calculated according to Ulbricht and South-
gate Equations (3) and (4) [45]. The ratio of hypocholesterolemic and hypercholesterolemic
fatty acids (h/H), also was determined by Equation (5) as stated by Santos-Silva, Bessa and

Santos-Silva [46].
~ C12:0+4xC14:0+C16:0

H

Al = Y MUFA + Y PUFA 3)
_ Cl14:04+C16:0+C18:0
I = — _ 2 DUFAn-—3 )
0.5 x Y MUFA + 0.5 x ) PUFAn — 6 + 3 x } PUFAn — 3 + ppan—s
h ~(C18:In—-9+ C18:2n—6+C20:4n—-6+C18:3n -3+ C20;5—-n3+C22:5n -3+ C22:6n—3 5)

Cl14:0+4+C16:0

2.3. Cooked Burger Analyses

Sets of three burgers per treatment and batch, were weighed, measured, and then
cooked in a convection oven in the fan-forced and upper and lower heating mode at
200 °C for 20 min until the inside temperature reached 80 °C. Burgers were turned upside
down once during cooking. After being temperate for 1 h at room temperature (15 °C),
weight loss (WL) was evaluated by the weight difference between fresh and cooked burgers
and expressed as a percentage (Equation (6)). Moreover, the dimensional changes due to
cooking were determined by measuring the thickness increase (TI) and shrinkage, both
expressed as a percentage and determined by Equations (7) and (8) [47].

raw weight — cooked weight
raw weight

%Weight loss = (6)

ked thick — thick
%Thickness increase = cooxe c;f)kr;ils’fhidiiv;’ss 1ckness (7)

raw diameter — cooked diameter

%Shrinkage = (8)

Burgers were then cut into two halves. One-half was used for texture profile analysis
(TPA). This half was refrigerated for 24 h at 4 °C and then three 1-cm-sided cubes were
obtained from the central zone. TPA was analyzed with a texture analyzer TA.XT2i (Stable
Micro Systems, Godalming, Surrey, UK) is equipped with a 5-cm diameter cylindrical probe
set to run at 1 mm/s and a compression depth of 80% of the thickness of the sample. Mean
values for hardness, elasticity, and cohesiveness were obtained from the force-time curves,
and chewiness was calculated as the product of hardness, cohesiveness, and springiness.
The other half was used to analyze TBARS and headspace volatile contents. Previously,
this half-burger was divided into two quarters. One quarter was homogenized with a food

raw diameter
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processor and analyzed (recently cooked burgers). The other quarter was wrapped with
(high oxygen permeability) polyvinyl chloride cling film and analyzed after three days of
aerobic refrigerated storage (4 °C; 72 h refrigerated stored cooked burgers).

TBARS contents were determined following de above-mentioned procedure. Volatile
compounds were analyzed by gas chromatography-mass spectrometry using the solid-
phase micro-extraction (SPME) technique following the procedure described by Car-
ballo et al. [48] with the following modifications. Briefly, the extraction of volatiles was
carried out with a CTC Pal automated system (Agilent Technologies; Santa Clara, CA, USA)
equipped with an automatic SPME injection device using a 30-min 250-°C conditioned
75 mm Carboxen/polydimethylsiloxane-1-cm-coated fused silica fiber, from 3 g of grounded
burger sample placed into a 20-mL screw cap vials, which were previously incubated
at 45 °C during 20 min, for a 40 min exposition period at 40 °C. A 60 m x 0.25 mm
sized, 0.25 mm film thickness DB-5MS column (J&W Scientific, Folson, CA, USA) and
helium (1 mL/min) were used for separation with the temperature being programmed at
35 °C (1 min), 35 °C to 50 °C (10 °C/min), 50 °C to 200 °C (4 °C/min), 200 °C to 250 °C
(50 °C/min) and 250 °C (11 min). The mass spectrometer transfer line and ion source
temperatures were 240 °C and 260 °C, respectively, and the detector operated in electron
impact mode (70 eV) scanning from 40 m/z to 350 m/z. Identification was carried out by
comparing the mass spectra with those contained in the NIST/EPA /NIH-98 mass spec-
tral database and the linear retention indexes, experimentally calculated using a series of
n-alkanes with those reported in the literature [49]. The concentrations of the identified
compounds were expressed as area units (AU) x 10°.

2.4. Statistical Analysis

To analyze the differences between burger formulations, a standard least square
model was fitted using the statistical package JMP® Pro 16.0.0, 2021, SAS Institute Inc. ©
(Cary, NC, USA) . When the ANOVA was significant, the predicted means were ranked
based on pair-wised least significant differences and compared using Tukey’s HSD test for
p <0.05, p <0.01, or p < 0.001 significance levels. A discriminant analysis was performed
using the linear, common covariance, and stepwise variable selection methods (PROC
DISCRIM, SAS). The efficiency of the discriminant model was assessed by the test of Wilks’
lambda value. Results were analyzed in terms of absolute assigned individuals to a pre-
assigned group and the variance explained by each canonical resemblance as well as by the
analysis of the scoring coefficients.

3. Results and Discussion
3.1. Raw Burgers Quality Traits and Composition

The values of the quality traits and composition of the burgers prepared are shown
in Table 2. Although the GO-pH value was significantly lower than the others, the mean
pH values between treatments differed by less than 0.05 units. HE contained 56% of water,
which is a considerably higher amount than the water content of pork backfat and, therefore,
it would have been expected that a,, of fat replaced burgers were higher than that of GPF
ones. However, the ay, of GPF burgers was the highest among the formulations tested. The
aw-reducing effect of hydrogel could be attributed to its components, namely mineral salts
(CaSOy4, NayH,P,0y5), glucose, and Na* from the alginate and ascorbate salts incorporated
into the HE burgers. The OH-groups of glucose might have played a significant role in that
effect [48] considering that the amounts of ash or Na™ originated from the hydrogels were
not high enough to cause a significant increase in ash and NaCl contents of GO and GSF
burgers as regards to GPF burgers (Table 2).

Referring to color parameters, the only CIELab coordinate affected by the fat replace-
ment was b* (yellowness), finding GO to have the highest value. This difference can be
caused by the presence of the olive oil HE as reported in other studies, implying that the
color of the olive oil used had an impact on the product [7,50]. Lipidic oxidation did not
present statistical differences between formulations. It is important to assure the lipidic sta-
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bility of the fat-replaced burgers given that the high level of polyunsaturation of vegetable
oil FA could be a factor to make the fat-replaced burgers highly susceptible to oxidation,
thus causing major alterations in their sensory characteristics; however, on the other hand,
vegetal oils usually contain higher antioxidant capacity than animal fats [51], which con-
tribute to preventing lipid oxidation. In this case, the lipid source was not a significant
factor in the lipid oxidation of burgers and TBARS values were below the minimum limit
reported in order to detect rancidity flavors [52-54].

Table 2. Technological and chemical properties of goat meat burgers with pork fat replacement by HE.

Parameter GPF GO GSF SEM SIG
pH 5.91 b 5.89 a 5.92 b 0.009 0.017

aw 0.982 a 0.968 a,b 0.967 b 0.005 0.024

L* 45.45 46.28 44.55 0.628 0.196

a* 18.64 19.86 18.23 0.811 0.362

b* 15.41 b 16.81 a 15.03 b 0.251 0.007

h* 39.63 40.27 39.51 0.816 0.766

(G 24.19 26.02 23.63 0.775 0.140
TBARS (mg MDA /kg)  0.474 0.386 0.511 0.069 0.431
Moisture (%) 73.57 76.71 75.61 1.243 0.216
Ashes (%) 1.93 1.96 2.03 0.078 0.572
Fat (%) 5.46 a 3.79 b 3.26 b 0.069 0.030
Protein (%) 18.10 17.82 17.68 0.265 0.647
Pigments (%) 2.86 3.18 2.88 0.199 0.707
Collagen (%) 0.34 a 0.29 a,b 0.21 b 0.038  0.019
Chlorides (%) 1.15 1.10 1.29 0.069 0.176

SEM: Standard Error of Mean; SIG: Significance value; a, b mean values in the same row not followed by a
common letter differ significantly (p < 0.05; Tukey test).

Concerning the proximate composition, in agreement with burger formulations (Table 1)
and the composition of the ingredients used, there were no statistical differences between
burgers when it comes to moisture, ashes, protein, and NaCl contents. In contrast, the fat
content of GPF burgers was significantly higher than that of HE burgers, explained by the
hydrogel composition since the oils represented 37.3% of its formulation. Regarding the
collagen, GPF burgers (0.34%) showed the highest content, which was significantly higher
than the burger with sunflower oil HE; this result can be explained by the presence of collagen
in pork fat [55]. Despite the variation in moisture content among batches, probably due to
the water incorporated into the burger mix through the addition of HE (approximately 2.3%)
resulting in higher moisture mean values, the moisture differences were not significant.

The lipid sources caused major changes in the FA profile (Table 3). As expected, and
shown in previous studies where oils were added to meat products, the FA content was
impacted accordingly to the oil FA profiles [28,50,56-58]. As for the major FA, oleic acid
(C18:1n-9), its content was statistically different for all formulations used and as presumed,
GO presented the highest value, followed by GPF and GSF. For the content of linoleic
acid (C18:2n-6) the burger that differed from the others was GSEF, with superior content.
GPF burgers, with the highest SFA content, had similar values for C16:0, C18:0, C20:1n-9,
and C20:2n-6 than the ones reported by Teixeira et al. [7] and by Ozer and Celegen [59].
Burgers with olive oil (GO) had the highest contents of C18:1n-9, C18:3n-3, and C20:3n-3,
which improved the levels of MUFAs and n-3. GSF burgers showed a higher percentage of
C18:2n-6, as said before, and of C21:0, C24:0 and C22:6n-3. Thus, PUFA and n-6 percentages
were also the highest in GSF burgers. No difference was found in AL. However, the TI
of fat-replaced burgers showed a reduction compared to GPF, with no differences being
detected between GO and GFS. The h/H values were also different between GFS and the
other two burger groups, with the former having the lowest value. To sum up, the use of
HE improved the goat-meat burger lipid-healthiness by reducing the SFA, TI, and h/H.
Furthermore, among the HE burgers, GO seems healthier as a result of the higher content
of n-3 percentage and lower n-6/n-3 ratio.
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Table 3. Lipidic profile of goat meat burgers with fat replacement.

Fatty Acids (%) GPF GO GSF SEM SIG
C14:0 2.016 2.104 2.669 0.501 0.568
Cl4:1 0.094 0.121 0.118 0.040 0.754
C15:0 0.202 0.285 0.256 0.031 0.169
C16:0 23.762 a 19.529 b 17.911 a 0.683  <0.0001

Cl6:1n-7 2171 1.899 1.904 0.336 0.784
C17:1n-7 0.427 0.506 0.359 0.056 0.199
C18:0 12.093 a 9.613 ab 9.334 b 0.935 0.022
9t-C18:1 1.164 1.396 1.285 0.197 0.691
C18:1n-9 46.417 b 53.632 a 38.872 c 0.877  <0.0001
9t,12t-C18:2 0.114 0.150 0.143 0.028 0.563
C18:2n-6 7.643 b 6.921 b 24.070 a 1.150  <0.0001
C20:0 0.152 0.176 0.088 0.032 0.143
C18:3n-6 0.024 a 0.017 ab 0.004 b 0.007 0.015
C20:1n-9 0.689 a 0.195 b 0.080 b 0.041  <0.0001
C18:3n-3 0.430 a 0.526 a 0.238 b 0.041 0.001
C21:0 0.354 0.498 0.468 0.113 0.974
C20:2n-6 0.291 a 0.040 b 0.010 b 0.018  <0.0001
C22:0 0.079 b 0.074 b 0.256 b 0.038 0.004
C20:3n-6 0.076 a 0.042 ab 0.029 b 0.014 0.008
C20:3n-3 0.068 a,b 0.167 a 0.029 b 0.041 0.025
C20:4n-6 0.851 1.093 0.916 0.087 0.144
C24:0 ND b 0.014 ab 0.058 a 0.017 0.045
C24:1n-9 0.099 a 0.089 a 0.040 b 0.016 0.049
C22:6n-3 0.046 b 0.082 ab 0.116 a 0.022 0.031
Y SFA 39.28 a 33.00 b 31.68 b 0.883  <0.0001
Y MUFA 51.12 b 57.90 a 42.70 c 1.109  <0.0001
Y PUFA 9.59 b 9.10 b 25.62 a 1.170  <0.0001
Y UFA/Y SFA 1.55 b 2.04 a 217 a 0.079  <0.0001
Y n-6 8.89 b 8.11 b 25.03 a 1.153  <0.0001
Y n-3 0.59 b 0.83 a 0.52 b 0.078 0.027
Yn-6/Yyn-3 15.96 b 10.81 b 50.48 a 2914  <0.0001
Al 0.53 0.42 0.42 0.041 0.652
TI 1.19 a 0.89 b 0.85 b 0.040  <0.0001
h/H 2.15 b 2.95 a 3.25 a 0.213 0.004

ND: not detected; SFA: saturated fatty acids; MUFA: monounsaturated fatty acids; PUFA: polyunsaturated fatty
acids; UFA: unsaturated fatty acids; Al: atherogenicity index; TI: thrombogenicity index; SEM: Standard Error
of the Mean; SIG: Significance value; a—c mean values in the same row not followed by a common letter differ
significantly (p < 0.05; Tukey test).

3.2. Cooked Burgers Analysis

The weight losses and shape changes of burgers during cooking and the TPA results
in the cooked burgers are shown in Table 4. Weight loss percentage presented significant
differences, with GSF being the treatment with the highest value. Previous studies using
similar agents to replace animal fat in cooked burgers have found that hydrogel effects on
weight loss were variable depending on lipid source, emulsion, and gelling or structuring
agents [56,60-62]. In this study, compared with the GPF, the performance of HE burgers
in yield was either similar (GO) or higher (GSF). With regard to GO and GSF comparison,
since the only difference in composition between the two HE used was the oil source, this
would have been responsible for the differences. The mechanism to explain this effect
deserves further research. Regarding shrinkage and TI, there were no statistical differences
between control burgers and HE ones.
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Table 4. Weight loss and change of shape due to cooking and TPA of goat meat cooked burgers with
fat replacement.

Parameter GPF GO GSF SEM SIG
WL (%) 64.30 b 64.60 b 70.75 a 0.961 0.029
Shrinkage (%) 27.26 22.71 22.75 1.505 0.398
TI (%) 20.22 27.59 30.99 4.882 0.191
Max Force (N)  101.80 113.33 108.83 4.129 0.283
Cobhesivity 0.337 b 0.366 a 0.373 a 0.005 0.030
Elasticity 0.640 0.591 0.587 0.022 0.314
Chewiness 22.19 24.52 23.81 0.962 0.346

WL: Weight Loss; TI: Thickness increase; SEM: Standard Error of the Mean; SIG: Significance value; a, b mean
values in the same row not followed by a common letter differ significantly (p < 0.05; Tukey test).

The results of TPA analysis showed minor effects since only cohesiveness was sig-
nificant, although slightly, influenced by the use of HE in goat burgers. The higher co-
hesiveness in the HE burgers suggests that the structuring agents, alginate, in this case,
would have contributed to increasing the intermolecular links between meat particles
without a significant effect on the other TPA characteristics. Different and variable results
have been reported in other studies on the effect of hydrogels on reduced-fat burger TPA,
i.e., increasing or decreasing the hardness and chewiness, affecting or not cohesiveness
or elasticity [28,50,56,59,63-65]. In each of these studies a different HE was used, either
formed with different oils or structuring agents, thus the discrepancy within studies can be
justified by the many factors of formulation and making process with potential influence
in burger TPA results, not only related to the hydrogel but also meat and fat types and
amounts, salt amount, degree of meat comminution, the intensity of mechanic treatment
for mixing, burger shape or cooking conditions.

It was observed that the treatment did not show any statistically significant differences
in TBARS immediately after cooking. In other words, the addition of HE did not affect the
MDA values in recently cooked burgers despite having a higher amount of polyunsaturated
fatty acids and, therefore, more susceptibility of lipid to oxidation in the substituted samples
might have been expected, similar results were found by Barros et al. [28]. On the other
hand, lipid oxidation after 72 h of storage, as seen in Figure 2, considerably increased, from
8.5 times for GO burgers to 14 times for GPF burgers, and statistical differences in TBARS
of refrigerated stored burgers were detected. The increase in oxidation during storage time
was slowed down in the samples with HE.

Table 5 shows the volatile compound profile in the headspace of burgers at two dif-
ferent times: immediately after cooking and after a 72-h aerobic refrigerated storage. The
quantified compounds were mostly straight-chain aldehydes which together with the also
quantified octanedione and furan-2-pentyl (both coeluting with decane) are considered to
be relevant odor-active compounds derived from lipid degradation in cooked meat [66,67].
Moreover, in second place, straight-chain hydrocarbons, mainly pentane and octane, were
also abundant. These hydrocarbons, which would also have originated from lipids, are
abundant in cooked meat, goat meat included [68,69]. Although the straight-chain hydro-
carbons can contribute to a pleasant meat flavor [68], their effect on cooked meat flavor is
of little relevance as compared with aldehydes, due to higher odor thresholds [70].

Among the aldehydes detected, as expected for cooked meat in general, hexanal
dominated. This study shows that the formulation (lipid source) of burgers had a significant
effect on the levels of hexanal, and also in those of nonanal and the sum of aldehydes.
Moreover, storage time resulted in a significant increase in the amounts of all aldehydes.
Actually, the effect of treatment on the volatile aldehyde contents was only evidenced in
burgers after 72 h of refrigerated storage, i.e., the effect was not observed in the recently
cooked burgers. The increase in aldehydes observed in burgers during storage indicates
that the process of lipid oxidation progresses in all three types of burgers during this
step. It is well known that lipid oxidation in cooked meat during storage and eventually
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reheating elicits the formation of carbonyl compounds and the subsequent development of
the characteristic off-flavor named warmed-over-flavor (WOF) [71].

TBARS

7.§_8a

6.03b
6 1 5.12b

mg MDA/kg

1 0.554c¢ 0.713c 0.435¢

; i i —

GPF GO GSF

HOH m72h

Figure 2. TBARS (mg MDA /kg of sample) of cooked goat meat burgers at 0 h and 72 h (Standard
Error of Mean =+ 0.351, Significance: 0.009, a-c mean values shown in bars not followed by a common
letter differ significantly (p < 0.05; Tukey test).

Table 5. Volatile compound in HS of goat meat burger with fat replacement by HE.

GPF GO GSF SIG
Compound SEM
0H 72h 0H 72h 0H 72h FS T FS x T
Pentane 477.0 778.6 500.6 476.4 858.2 1336.8 309.30 0.200 0.356 0.725
Hexane 50.8 a 20.65 b 46.5 a 28.05 b 51.8 a 36.6 b 9.44 0.654 0.033 0.720
Heptane 158.3 47.8 162.2 103.5 245.8 125.0 67.98 0.511 0.132 0.889
Octane 405 c 138.6 [ 1458.4 a 475.0 [ 935.6 b 433.0 [ 125.52 0.004 0.001 0.071
Octene 8.9 25.6 204 9.3 224 17.6 9.23 0.860 0.097 0.353
Heptane, 2.246,6-  gq 5 166.2 1432 77.9 762 81.1 5010 0589 0952  0.460
pentamethyl
Sum of 1198.8 1177.4 2331.2 1170.2 2189.8 2030.1 465.36 0.217 0.284 0.458
hydrocarbons
Ethanal 18.5 b, c 253 a,b 12.8 c 29.8 a 14.2 c 26.8 a,b 242 0.854 0.001 0.183
Pentanal 181.2 a,b 477.2 a 1674 ab 416.6 a,b 151.9 b 4074 a,b 91.45 0.857 0.012 0.962
Hexanal 40388 d 11,4802 a 22553 e 97282 b 30572 d,e 75932 ¢ 338.84 0.001 <0.0001  0.007
Heptanal 260.7 b,c 4875 a,b 230.8 b, c 690.7 a 91.8 c 4350 a,b 88.10 0.160 0.003 0.464
Octanal 5.75 b 90.2 a,b ND 140.2 a ND 36.1 a,b 33.02 0.352 0.018 0.354
Nonanal ND 124.8 b ND 257.4 a ND 96.5 b 20.29 0.016 <0.0001 0.016
Sum of aldehydes 45049 ¢ 12,6852 a 2666.3 d 11,262.8 a 33150 ¢, d 85951 b 505.41 0.006 <0.0001 0.033
Octanedione +
dodecane + 183.0 b 25125 ab 42.7 b 3010.8 a 414 b 741.0 ab 748.36 0.332 0.017 0.359
2-pentyl-furan
Carbon disulfide 63.2 94.6 106.0 62.2 105.5 139.0 48.68 0.645 0.865 0.682

SEM: Standard Error of the Mean; SIG: Significance value; a—e mean values in the same row not followed by a
common letter differ significantly (p < 0.05; Tukey test). ND: not detected.

In our study, the significant interaction effect observed between burger type and
storage time shows that the rate of lipid oxidation during cooked burger storage varied
among burger types. This variation in the lipid oxidation rate was also observed in
the TBARS results (Figure 2). In agreement with TBARS levels, hexanal contents, also
considered an index for lipid oxidation [71], were higher in stored GPF burgers than
in stored HE burgers, suggesting, both index (IBARS and hexanal contents), a higher
oxidation rate in the GPF lipids during storage, which means lower lipid stability when
using pork fat. However, the pattern followed by nonanal was completely different from
that of hexanal. Results showed that nonanal content was higher in GO burgers and lower
in GSF, with GPF being in an intermediate position. The variability in the patterns showed
by the different aldehydes between burger types can be attributed to differences in the
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lipid source FA profile. FA are the main precursors of aldehydes, and the degradation
of different FA produces variability in the amounts of the formed aldehydes. Thus, the
oxidation pathway of oleic acid is characterized by a higher formation of nonanal, and also
octanal, than that of other unsaturated fatty acids such as linoleic acid [66,72]. Consequently,
as observed in this study, Rodriguez-Carpena et al. [72] also found more nonanal (and also
octanal) and a lower ratio of hexanal /nonanal in burgers formulated with olive oil than in
burgers formulated with pork fat or sunflower oil, being the sunflower-containing burgers
those with highest hexanal /nonanal ratio.

Differences due to different FA profiles in hexanal and nonanal, and eventually in other
FA-derived odor-active volatile compounds presumably generated in the burgers during
storage, although not detected with the method used due to an insufficient concentration in
the headspace, such as hept-(E)-2-enal, oct-1-en-3-ol, octane-2,3-dione, and alka-2,4-dienals,
would have affected the stored burger flavors. Specifically, these differences would have
affected the intensity and unpleasantness of the WOF developed [63]. This is because all
the above-mentioned compounds present very low odor thresholds. Previous studies have
suggested that higher content of oleic acid and its oxidation-derived volatile compounds in
burgers might result in better flavor acceptability [72]. The effect of lipid source on burger
flavor after storage needs to be further clarified by means of sensory analysis.

Regarding the straight-chain hydrocarbons, the lipid source showed a significant effect
on octane concentration which was present at the highest amount in recently cooked GO
burgers. In agreement, octane has been found to be a major degradation compound formed
from oleate during heating [73]. Most of the hydrocarbons detected were not significantly
affected by burger storage. Only hexane and octane were affected, and their amounts
were lower in stored burgers. These findings suggest that the straight-chain hydrocarbon
presence in burger headspace was more linked to burger processing and cooking than to
oxidation during storage.

By performing a stepwise discriminant analysis, it is possible to identify and correctly
classify 100% of the burgers using only two variables corresponding to the FA, C20:2n-6 and
C18:1n-9, and the model is highly significant (p < 0.0001 *; Wilks Lambda value: 0.00475)
which is possible to see in Table 6.

(4
4
[ ]

2
R
8 C18:1n-9
&
|
~ 0
3
= C20:2n-6
2
©
(@]

=) .

L]
-4
-5 0 5

Canonicall —78.95%

Figure 3. Scatter plot of the first two canonical variables of the three burger groups.

The scatter plot of the two canonical variables of the three burger groups was dis-
criminated with great accuracy with a total of 100% of variance explained, 78.95%, and
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21.05% for canonical functions 1 and 2, respectively (Figure 3). The first canonical function
discriminates between burgers made with olive oil appearing on the positive side of the axis
and the burgers made with pork backfat and sunflower oil on the negative side of the axis.

Table 6. Values Prob > F from discriminant analysis of goat meat burgers with fat replacement.

Fatty Acid F Ratio Prob > F
C4:0 0.094 0.911
C8:0 0.451 0.647
C10:0 2.299 0.143
C11:0 2.247 0.148
C12:0 0.658 0.536
C14:0 0.960 0.410
Cl14:1 0.554 0.589
C15:0 0.620 0.554
C15:1 0.467 0.638
C16:0 1.059 0.377

Cl6:1n-7 0.939 0.418
C17:0 0.831 0.459
C17:1n-7 0.770 0.485
C18:0 1.551 0.252
9t-C18:1 0.556 0.588
C18:1n-9 91.503 0.000
9t.12t-C18:2 0.341 0.718
C18:2n-6 1.722 0.220
C20:0 1.080 0.370
C18:3n-6 1.437 0.276
C20:1n-9 3.138 0.080
C18:3n-3 2.825 0.099
C21:0 0.669 0.530
C20:2n-6 106.620 0.000
C22:0 0.773 0.483
C20:3n-6 1.036 0.385
C22:1n-9 0.025 0.975
C20:3n-3 2.011 0.176
C23:0 3.237 0.075
C20:4n-6 1.869 0.196
C22:2n-6 1.755 0.214

4. Conclusions

The replacement of pork fat with vegetable oil HE in goat meat burgers was performed
successfully in this study. Evaluating the results obtained, it is possible to affirm that the
use of olive or sunflower oil HE in the burgers allows us to obtain reduced-fat burgers
and that the fat replacement did not cause major changes in its quality either as raw or
cooked burgers. Concerning lipidic profile, the changes were significant and in accordance
with the oils used (olive and sunflower oil), lipidic healthiness was improved. HE affected
the TBARS and volatile compounds of the burgers” headspace after 72 h post cooking,
suggesting higher oxidative stability during cooked burger storage. The discriminant
analysis performed, identified correctly all formulations using only two FA (C18:1n-9 and
C20:2n-6), indicating that besides their similar behavior through other analyses, they have
a differentiating trait. In addition to that and considering the results obtained, it is possible
to affirm that among the vegetable oils used, olive oil presented better characteristics when
it comes to lipidic healthiness. Moreover, GO burger flavor, due to the release of higher
levels of specific volatile compounds from oleic acid, might be more positively perceived
by consumers, although it can only be presumed as a sensory analysis is needed to confirm
such affirmation.



Biomolecules 2022, 12, 1416 12 of 14

Author Contributions: Conceptualization, A.T.; methodology, A.L., .M. and LE; formal analysis, A.L.,
LV,LE,JM, SK, CB.-M. and EP; investigation, A.T,, LF. and ].M,; data curation, A.L., L.V,, LF. and
A.T.; writing—original draft preparation LE,, A.T. and ].M.; writing—review and editing, LE,, .M. and
A.T,; supervision, A.T. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Data Availability Statement: Not applicable.

Acknowledgments: The authors are grateful to the Foundation for Science and Technology (FCT, Portu-
gal) for financial support through national funds FCT/MCTES (PIDDAC) to CIMO (UIDB/00690/2020
and UIDP/00690/2020) and SusTEC (LA /P/0007/2021).and to Laboratory of Carcass and Meat Quality
of Agriculture School of Polytechnic Institute of Braganca ‘Cantinho do Alfredo’. Grants of LF,, A.L. and
L.V. are due to NORTE-01-0247-FEDER-072234. The authors (CB,. and A.T.) are members of the Healthy
Meat network, funded by CYTED (ref: 119RT0568).

Conflicts of Interest: The authors declare no conflict of interest.

References

1. McCarthy, M.; Collins, A.; Flaherty, S.J.; McCarthy, S.N. Healthy eating habit: A role for goals, identity, and self-control? Psychol.
Mark. 2017, 34, 772-785. [CrossRef]

2. Buttriss, J.L. Food reformulation: The challenges to the food industry. Proc. Nutr. Soc. 2012, 72, 61-69. [CrossRef] [PubMed]

3. Dominguez, R.; Pateiro, M.; Munekata, P.E.S.; Campagnol, P.C.B.; Lorenzo, ]. M. Influence of partial pork backfat replacement by
fish oil on nutritional and technological properties of liver paté. Eur. J. Lipid Sci. Technol. 2016, 119, 1600178. [CrossRef]

4. Wang, X;; Xie, Y,; Li, X;; Liu, Y,; Yan, W. Effects of partial replacement of pork back fat by a camellia oil gel on certain quality
characteristics of a cooked style Harbin sausage. Meat Sci. 2018, 146, 154-159. [CrossRef]

5. Franco, D.; Martins, A.; Lépez-Pedrouso, M.; Purrifos, L.; Cerqueira, M.; Vicente, A.; Pastrana, L.; Zapata, C.; Lorenzo, J.
Strategy towards Replacing Pork Backfat with a Linseed Oleogel in Frankfurter Sausages and Its Evaluation on Physicochemical,
Nutritional, and Sensory Characteristics. Foods 2019, 8, 366. [CrossRef]

6.  de Souza Paglarini, C.; de Figueiredo Furtado, G.; Honério, A.R.; Mokarzel, L.; da Silva Vidal, V.A.; Ribeiro, A.P.B.; Cunha, R.L.;
Pollonio, M.A R. Functional emulsion gels as pork back fat replacers in Bologna sausage. Food Struct. 2019, 20, 100105. [CrossRef]

7.  Teixeira, A.; Ferreira, I; Pereira, E.; Vasconcelos, L.; Leite, A.; Rodrigues, S. Physicochemical composition and sen-sory quality of
goat meat burgers. Eff. Fat Source. Foods 2021, 10, 1824.

8.  Kausar, T;; Kausar, M.; Khan, S.; Haque, S.; Azad, Z. Optimum Additive Composition to Minimize Fat in Functional Goat Meat
Nuggets: A Healthy Red Meat Functional Food. Processes 2021, 9, 475. [CrossRef]

9. Abuelfatah, K.M.; Ibrahim, M.F.; Babiker, S.A. Fat Content and Fatty acid Composition of Goat Meat at Retail Outlets in Khartoum
state, Sudan. . Vet. Med. Anim. Prod. 2017, 8, 106-111.

10. Badar, LH.; Liu, H.; Chen, Q.; Xia, X.; Kong, B. Future trends of processed meat products concerning perceived healthiness: A
review. Compr. Rev. Food Sci. Food Saf. 2021, 20, 4739-4778. [CrossRef]

11. Dominguez, R.; Munekata, P.E.; Pateiro, M.; Lépez-Fernandez, O.; Lorenzo, ].M. Immobilization of oils using hydrogels as
strategy to replace animal fats and improve the healthiness of meat products. Curr. Opin. Food Sci. 2020, 37, 135-144. [CrossRef]

12.  Foggiaro, D.; Dominguez, R.; Pateiro, M.; Cittadini, A.; Munekata, PE.S.; Campagnol, P.C.B.; Fraqueza, M.].; De Palo, P.; Lorenzo,
J.M. Use of Healthy Emulsion Hydrogels to Improve the Quality of Pork Burgers. Foods 2022, 11, 596. [CrossRef] [PubMed]

13. Mandolesi, S.; Naspetti, S.; Arsenos, G.; Caramelle-Holtz, E.; Latvala, T.; Martin-Collado, D.; Orsini, S.; Ozturk, E.; Zanoli, R.
Motivations and Barriers for Sheep and Goat Meat Consumption in Europe: A Means—-End Chain Study. Animals 2020, 10, 1105.
[CrossRef] [PubMed]

14. Teixeira, A.; Fernandes, A ; Pereira, E. Fat content reduction and lipid profile improvement in Portuguese fermented sausages
alheira. Heliyon 2020, 6, e05306. [CrossRef]

15. Pophiwa, P.; Webb, E.C.; Frylinck, L. A review of factors affecting goat meat quality and mitigating strategies. Small Rumin. Res.
2019, 183, 106035. [CrossRef]

16. Cunha, L.C.M.; Monteiro, M.L.G.; Lorenzo, ].M.; Munekata, P.E.S.; Muchenje, V.; de Carvalho, F.A.L.; Conte-Junior, C.A. Natural
antioxidants in processing and storage stability of sheep and goat meat products. Food Res. Int. 2018, 111, 379-390. [CrossRef]

17. Teixeira, A.; Silva, S.; Guedes, C.; Rodrigues, S. Sheep and Goat Meat Processed Products Quality: A Review. Foods 2020, 9, 960.
[CrossRef]

18.  Staji¢, S.; Pisinov, B.; Tomasevic, I.; Djekic, I.; Colovi¢, D.; Ivanovi¢, S.; Zivkovié, D. Use of culled goat meat in frankfurter
production-Effect on sensory quality and technological properties. Int. |. Food Sci. Technol. 2020, 55, 1032-1045. [CrossRef]

19. Feiner, G. Meat Products Handbook: Practical Science and Technology; Elsevier: Amsterdam, The Netherlands, 2006.

20. Stajic, S.; Pisinov, B. Goat meat products. In IOP Conference Series: Earth and Environmental Science; IOP Publishing: Bristol, UK,

2021; Volume 854, p. 012092.


http://doi.org/10.1002/mar.21021
http://doi.org/10.1017/S0029665112002868
http://www.ncbi.nlm.nih.gov/pubmed/23228239
http://doi.org/10.1002/ejlt.201600178
http://doi.org/10.1016/j.meatsci.2018.08.011
http://doi.org/10.3390/foods8090366
http://doi.org/10.1016/j.foostr.2019.100105
http://doi.org/10.3390/pr9030475
http://doi.org/10.1111/1541-4337.12813
http://doi.org/10.1016/j.cofs.2020.10.005
http://doi.org/10.3390/foods11040596
http://www.ncbi.nlm.nih.gov/pubmed/35206072
http://doi.org/10.3390/ani10061105
http://www.ncbi.nlm.nih.gov/pubmed/32604945
http://doi.org/10.1016/j.heliyon.2020.e05306
http://doi.org/10.1016/j.smallrumres.2019.106035
http://doi.org/10.1016/j.foodres.2018.05.041
http://doi.org/10.3390/foods9070960
http://doi.org/10.1111/ijfs.14346

Biomolecules 2022, 12, 1416 13 of 14

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.
46.

47.

48.

Leite, A.; Rodrigues, S.; Pereira, E.; Paulos, K.; Oliveira, A.F; Lorenzo, ] M.; Teixeira, A. Physicochemical properties, fatty acid
profile and sensory characteristics of sheep and goat meat sausages manufactured with different pork fat levels. Meat Sci. 2015,
105, 114-120. [CrossRef]

Malekian, F.; Khachaturyan, M.; Gebrelul, S.; Henson, J. Nutritional characteristics and consumer acceptability of sausages with
different combinations of goat and beef meats. Funct. Foods Health Dis. 2016, 6, 42. [CrossRef]

Teixeira, A.; Almeida, S.; Pereira, E.; Mangachaia, F; Rodrigues, S. Physicochemical characteristics of sheep and goat patés.
differences between fat sources and proportions. Heliyon 2019, 5, €02119. [CrossRef]

Verma, A K.; Rajkumar, V.; Kumar, S. Effect of amaranth and quinoa seed flour on rheological and physicochemical properties of
goat meat nuggets. J. Food Sci. Technol. 2019, 56, 5027-5035. [CrossRef] [PubMed]

Banerjee, D.K.; Das, A.K.; Banerjee, R.; Pateiro, M.; Nanda, P.K.; Gadekar, Y.P.; Biswas, S.; McClements, D.J.; Lorenzo, ].M.
Application of Enoki Mushroom (Flammulina Velutipes) Stem Wastes as Functional Ingredients in Goat Meat Nuggets. Foods
2020, 9, 432. [CrossRef] [PubMed]

Jagtap, N.S.; Wagh, R.V,; Chatli, M.K.; Malav, O.P.; Kumar, P.; Mehta, N. Functional goat meat nuggets fortified with novel
bioactive Carica papaya L. and Origanum vulgare extracts and storage stability thereof. Nutr. Food Sci. 2019, 50, 402—414.
[CrossRef]

Teixeira, A.; Silva, S.; Rodrigues, S. Advances in Sheep and Goat Meat Products Research. In Advances in Food and Nutrition
Research; Toldra, F., Ed.; Academic Press: Cambridge, MA, USA, 2019; Volume 87, pp. 305-370. [CrossRef]

Barros, J.C.; Munekata, P.E.S.; De Carvalho, F.A.L.; Pateiro, M.; Barba, FJ.; Dominguez, R.; Trindade, M.A.; Lorenzo, ].M. Use of
Tiger Nut (Cyperus esculentus L.) Oil Emulsion as Animal Fat Replacement in Beef Burgers. Foods 2020, 9, 44. [CrossRef] [PubMed]
Teixeira, PR.J. Contributo Para a Caracterizacao do Azeite Extraido na Area de Influéncia da Cooperativa dos Olivicultores de
Valpagos. Master’s Thesis, Instituto Politécnico de Braganga, Braganca, Portugal, 2015. Available online: http://hdl.handle.net/
10198/12726 (accessed on 7 July 2021).

NP 588, 2008; Portuguese Standard for Meat and Meat Products. Definition and Classification. Portuguese Institute of Quality,
Ministry of Economy and Innovation: Caparica, Portugal, 2008.

NP-1SO-3441, 2008; Determinacao do pH (Método de referéncia); In Portuguese Norm-Meat and Meat Products. Portuguese
Institute of Quality, Ministry of Economy and Innovation: Caparica, Portugal, 2008.

Cunniff, P. Methods of Analysis of AOAC International, 16th ed.; AOAC International: Rockville, MD, USA, 1995; ISBN
9780935584547.

Teixeira, A.; Dominguez, R.; Rey, ].; Aleu, G.; Pateiro, M. Lorenzo J. M. Ph and Color. In Methods to Assess the Quality of Meat Products;
Lorenzo, ] M., Dominguez, R., Pateiro, M., Munekata, PE., Eds.; Humana: New York, NY, USA, 2022; Volume 1, pp. 17-23.
NP-ISO-3356/2009; Determination of Thiobarbituric Acid (TBA) Levels, Spectrophotometer Method. Portuguese Institute of
Quality, Ministry of Economy and Innovation: Caparica, Portugal, 2009.

NP 1614/2002; Determination of Moisture Content. Reference Method (ISO 1442:1197). In Portuguese Norm-Meat and Meat
Products. Portuguese Institute of Quality, Ministry of Economy Innovation: Caparica, Portugal, 2002.

NP-1S0O-1615/2002; Determination of Total Ashes. Reference Method. In Portuguese Norm-Meat and Meat Products. Portuguese
Institute of Quality, Ministry of Economy and Innovation: Caparica, Portugal, 2002.

Folch, J.; Lees, M.; Stanley, G.H.S. A simple method for the isolation and purification of total lipides from animal tissues. J. Biol.
Chem. 1957, 226, 497-509. [CrossRef]

NP 1612/2002; Determination of Total Nitrogen Content. Reference Method (ISO 937:1978). In Portuguese Norm-Meat and Meat
Products. Portuguese Institute of Quality, Ministry of Economy and Innovation: Caparica, Portugal, 2002.

Hornsey, H.C. The colour of cooked cured pork—Estimation of the Nitric oxide-Haem Pigments. J. Sci. Food Agric. 1956, 7,
534-540. [CrossRef]

NP 1987/2002; Carnes e Produtos Carneos; Determinagao do Teor em Hidroxiprolina. (Método de referéncia). In Portuguese
Norm-Meat and Meat Products. Portuguese Institute of Quality, Ministry of Economy and Innovation: Caparica, Portugal, 2002.
NP 1845/1982; Meat and Meat Products—Determination of Chloride Content—Standard Method. Portuguese Institute of Quality,
Ministry of Economy Innovation: Caparica, Portugal, 1982.

Shehata, A.; Deman, J.; Alexander, J. A Simple and Rapid Method for the Preparation of Methyl Esters of Fats in Milligram
Amounts for Gas Chromatography. Can. Inst. Food Technol. ]. 1970, 3, 85-89. [CrossRef]

Dominguez, R.; Borrajo, P.; Lorenzo, .M. The effect of cooking methods on nutritional value of foal meat. J. Food Compos. Anal.
2015, 43, 61-67. [CrossRef]

Department of Health, London, UK. Nutritional Aspects of Cardiovascular Disease. Report of the Cardiovascular Review Group
Comittee on Medical Aspects of Food Policy. Rep. Health Soc. Subj. 1994, 46, 1-186.

Ulbricht, T.L.V.; Southgate, D.A.T. Coronary heart disease: Seven dietary factors. Lancet 1991, 338, 985-992. [CrossRef]
Santos-Silva, ].; Bessa, R.J.B.; Santos-Silva, F. Effect of genotype, feeding system and slaughter weight on the quality of light
lambs: Fatty and composition of meat. Livest Prod Sci. 2002, 77, 187-194. [CrossRef]

Dreeling, N.; Allen, P;; Butler, F. Effect of Cooking Method on Sensory and Instrumental Texture Attributes of Low-fat Beefburgers.
LWT 2000, 33, 234-238. [CrossRef]

Zuorro, A. Water Activity Prediction in Sugar and Polyol Systems Using Theoretical Molecular Descriptors. Int. J. Mol. Sci. 2021,
22,11044. [CrossRef]


http://doi.org/10.1016/j.meatsci.2015.03.015
http://doi.org/10.31989/ffhd.v6i1.224
http://doi.org/10.1016/j.heliyon.2019.e02119
http://doi.org/10.1007/s13197-019-03975-4
http://www.ncbi.nlm.nih.gov/pubmed/31741527
http://doi.org/10.3390/foods9040432
http://www.ncbi.nlm.nih.gov/pubmed/32260391
http://doi.org/10.1108/NFS-12-2018-0334
http://doi.org/10.1016/bs.afnr.2018.09.002
http://doi.org/10.3390/foods9010044
http://www.ncbi.nlm.nih.gov/pubmed/31947797
http://hdl.handle.net/10198/12726
http://hdl.handle.net/10198/12726
http://doi.org/10.1016/S0021-9258(18)64849-5
http://doi.org/10.1002/jsfa.2740070804
http://doi.org/10.1016/S0008-3860(70)74286-4
http://doi.org/10.1016/j.jfca.2015.04.007
http://doi.org/10.1016/0140-6736(91)91846-M
http://doi.org/10.1016/S0301-6226(02)00059-3
http://doi.org/10.1006/fstl.2000.0649
http://doi.org/10.3390/ijms222011044

Biomolecules 2022, 12, 1416 14 of 14

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.
72.

73.

Carballo, D.E.; Andrés, S.; Girdldez, F].; Khanjari, A.; Caro, I.; Llamazares, D.; Operta, S.; Mateo, ]. The effects of storage and
hop extract on aroma and flavour compounds in Balkan-style sausages packed under a CO,-containing anaerobic atmosphere.
Heliyon 2020, 6, e05251. [CrossRef]

Serdaroglu, M.; Nacak, B.; Karabiyikoglu, M. Effects of beef fat replacement with gelled emulsion prepared with olive oil on
quality parameters of chicken patties. Korean J. Food Sci. Anim. Resour. 2017, 37, 376.

Rodriguez-Carpena, J.G.; Morcuende, D.; Estévez, M. Partial replacement of pork back-fat by vegetable oils in burger patties:
Effect on oxidative stability and texture and color changes during cooking and chilled storage. J. Food Sci. 2011, 76, C1025-C1031.
[CrossRef] [PubMed]

Nieto, G.; Lorenzo, ].M. Use of olive oil as fat replacer in meat emulsions. Curr. Opin. Food Sci. 2021, 40, 179-186. [CrossRef]
Lu, E; Kuhnle, G.; Cheng, Q. Vegetable oil as fat replacer inhibits formation of heterocyclic amines and polycyclic aromatic
hydrocarbons in reduced fat pork patties. Food Control 2017, 81, 113-125. [CrossRef]

Ockerman, H.-W. Quality Control of Post-Mortem Muscle Tissue; Department of Animal Sciences, Ohio State University: Columbus,
OH, USA, 1985.

Hoa, V.-B.; Seol, K.-H.; Seo, H.-W.; Seong, P-N.; Kang, S.-M.; Kim, Y.-S.; Moon, S.-S.; Kim, J.-H.; Cho, S.-H. Meat quality
characteristics of pork bellies in relation to fat level. Anim. Biosci. 2021, 34, 1663-1673. [CrossRef] [PubMed]

Barros, J.C.; Munekata, P.E.; de Carvalho, EA L.; Dominguez, R.; Trindade, M.A.; Pateiro, M.; Lorenzo, ] M. Healthy beef burgers:
Effect of animal fat replacement by algal and wheat germ oil emulsions. Meat Sci. 2020, 173, 108396. [CrossRef]

Pintado, T.; Herrero, A.; Jiménez-Colmenero, E; Cavalheiro, C.P.; Ruiz-Capillas, C. Chia and oat emulsion gels as new animal fat
replacers and healthy bioactive sources in fresh sausage formulation. Meat Sci. 2018, 135, 6-13. [CrossRef] [PubMed]

Poyato, C.; Astiasardn, L; Barriuso, B.; Ansorena, D. A new polyunsaturated gelled emulsion as replacer of pork back-fat in
burger patties: Effect on lipid composition, oxidative stability and sensory acceptability. LWT 2015, 62, 1069-1075. [CrossRef]
Ozer, C.O.; Celegen, S. Evaluation of quality and emulsion stability of a fat-reduced beef burger prepared with an olive oil
oleogel-based emulsion. J. Food Process. Preserv. 2020, 45, 14547. [CrossRef]

Kumar, Y. Development of Low-Fat/Reduced-Fat Processed Meat Products using Fat Replacers and Analogues. Food Rev. Int.
2019, 37, 296-312. [CrossRef]

Goémez-Estaca, ].; Pintado, T.; Jiménez-Colmenero, E; Cofrades, S. Assessment of a healthy oil combination structured in ethyl
cellulose and beeswax oleogels as animal fat replacers in low-fat, PUFA-enriched pork burgers. Food Bioprocess Technol. 2019, 12,
1068-1081. [CrossRef]

Heck, R.T.; Saldafia, E.; Lorenzo, ].M.; Correa, L.P.; Fagundes, M.B.; Cichoski, A.].; de Menezes, C.R.; Wagner, R.; Campagnol,
P.C.B. Hydrogelled emulsion from chia and linseed oils: A promising strategy to produce low-fat burgers with a healthier lipid
profile. Meat Sci. 2019, 156, 174-182. [CrossRef]

Cittadini, A.; Dominguez, R.; Munekata, PE.S.; Pateiro, M.; Sarriés, M.V.; Lorenzo, ]. M. Use of oil mixture emulsion hydrogels as
partial animal fat replacers in dry-fermented foal sausages. Food Res. Int. 2022, 161, 111881. [CrossRef]

Cittadini, A.; Munekata, P.E.S.; Pateiro, M.; Sarriés, M.V.; Dominguez, R.; Lorenzo, ].M. Physicochemical composition and
nutritional properties of foal burgers enhanced with healthy oil emulsion hydrogels. Int. J. Food Sci. Technol. 2021, 56, 6182—-6191.
[CrossRef]

de Carvalho, FA.L; Munekata, PE.; de Oliveira, A.L.; Pateiro, M.; Dominguez, R.; Trindade, M.A.; Lorenzo, ].M. Turmeric
(Curcuma longa L.) extract on oxidative stability, physicochemical and sensory properties of fresh lamb sausage with fat replacement
by tiger nut (Cyperus esculentus L.) oil. Food Res. Int. 2020, 136, 109487. [CrossRef]

Estévez, M.; Morcuende, D.; Ventanas, A.S.; Cava, R. Analysis of Volatiles in Meat from Iberian Pigs and Lean Pigs after
Refrigeration and Cooking by Using SPME-GC-MS. J. Agric. Food Chem. 2003, 51, 3429-3435. [CrossRef] [PubMed]

Resconi, V.C.; Escudero, A.; Campo, M.M. The Development of Aromas in Ruminant Meat. Molecules 2013, 18, 6748-6781.
[CrossRef] [PubMed]

Bassam, S.M.; Noleto-Dias, C.; Farag, M.A. Dissecting grilled red and white meat flavor: Its characteristics, production mecha-
nisms, influencing factors and chemical hazards. Food Chem. 2021, 371, 131139. [CrossRef] [PubMed]

Madruga, M.S.; Elmore, ].S.; Dodson, A.T.; Mottram, D.S. Volatile flavour profile of goat meat extracted by three widely used
techniques. Food Chem. 2009, 115, 1081-1087. [CrossRef]

Wettasinghe, M.; Vasanthan, T.; Temelli, F.; Swallow, K. Volatile flavour composition of cooked by-product blends of chicken, beef
and pork: A quantitative GC-MS investigation. Food Res. Int. 2001, 34, 149-158. [CrossRef]

Shahidi, F; Pegg, R.B. Hexanal as an indicator of meat flavor deterioration. J. Food Lipids 1994, 1, 177-186. [CrossRef]
Rodriguez-Carpena, J.; Morcuende, D.; Estévez, M. Avocado, sunflower and olive oils as replacers of pork back-fat in burger
patties: Effect on lipid composition, oxidative stability and quality traits. Meat Sci. 2012, 90, 106-115. [CrossRef]

Mahungu, S.M.; Hansen, S.L.; Artz, W.E. Volatile compounds in heated oleic acid-esterified propoxylated glycerol. |. Am. Oil
Chem. Soc. 1998, 75, 683-690. [CrossRef]


http://doi.org/10.1016/j.heliyon.2020.e05251
http://doi.org/10.1111/j.1750-3841.2011.02327.x
http://www.ncbi.nlm.nih.gov/pubmed/22417539
http://doi.org/10.1016/j.cofs.2021.04.007
http://doi.org/10.1016/j.foodcont.2017.05.043
http://doi.org/10.5713/ab.20.0612
http://www.ncbi.nlm.nih.gov/pubmed/33561922
http://doi.org/10.1016/j.meatsci.2020.108396
http://doi.org/10.1016/j.meatsci.2017.08.004
http://www.ncbi.nlm.nih.gov/pubmed/28843146
http://doi.org/10.1016/j.lwt.2015.02.004
http://doi.org/10.1111/jfpp.14547
http://doi.org/10.1080/87559129.2019.1704001
http://doi.org/10.1007/s11947-019-02281-3
http://doi.org/10.1016/j.meatsci.2019.05.034
http://doi.org/10.1016/j.foodres.2022.111881
http://doi.org/10.1111/ijfs.15087
http://doi.org/10.1016/j.foodres.2020.109487
http://doi.org/10.1021/jf026218h
http://www.ncbi.nlm.nih.gov/pubmed/12744679
http://doi.org/10.3390/molecules18066748
http://www.ncbi.nlm.nih.gov/pubmed/23749162
http://doi.org/10.1016/j.foodchem.2021.131139
http://www.ncbi.nlm.nih.gov/pubmed/34583172
http://doi.org/10.1016/j.foodchem.2008.12.065
http://doi.org/10.1016/S0963-9969(00)00146-0
http://doi.org/10.1111/j.1745-4522.1994.tb00245.x
http://doi.org/10.1016/j.meatsci.2011.06.007
http://doi.org/10.1007/s11746-998-0206-5

	Introduction 
	Materials and Methods 
	Burger Formulations and Production 
	Raw Burger Technological Quality Traits and Composition Analyses 
	Cooked Burger Analyses 
	Statistical Analysis 

	Results and Discussion 
	Raw Burgers Quality Traits and Composition 
	Cooked Burgers Analysis 

	Conclusions 
	References

