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Abstract

BACKGROUND: Nowadays, fat replacement in meat products is a matter of concern in the meat industry. The objective of this
study was to evaluate the replacement of pork backfat with two oleogels of linseed in dry-cured sausages.

RESULTS: Five batches of dry-cured sausages were prepared with two oleogels, a mixture of 𝜸-oryzanol and 𝜷-sitosterol (SO) and
beeswax (B), at two levels of replacement (20% and 40%) (SO-20, SO-40, B-20, and B-40, respectively) and a control batch. The
fatty acid profile improved in terms of nutrition: the polyunsaturated fatty acid / saturated fatty acid (PUFA/SFA) and n-6/n-3
ratio was about 1.41 and 0.93 for the higher levels of replacement, SO-40 and B-40, respectively. Quality parameters such as pH
and color also changed with the inclusion of oleogels, resulting in changes in the sensory quality.

CONCLUSION: Oleogels based on linseed enabled the replacement of pork backfat in fermented sausages. Depending on the
level of fat substitution, such oleogels could replace fat in dry-cured sausages at the industrial level.
© 2019 Society of Chemical Industry
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INTRODUCTION
Fermented sausages are popular meat products because of their
convenience and their flavor / taste. However, they have a high
fat content (around 32%).1–3 To improve the nutritional quality,
most studies have focused on lowering or replacing the fat using
different ingredients such as inulin,4 cellulose gel,5 konjac gel,6,7

or boiled quinoa.8 However, fat is a crucial ingredient because it
improves the flavor, texture, and juiciness of dry-cured sausages.
Minced fat also contributes to the release of water, promoting
fermentation during the curing process.2,3,9

Consumer needs regarding diets and healthier lifestyles have
been changing over the past few years and fats play a key role.10

To address this concern, the meat industry has spotlighted lower
fat formulations in its products.11–13 Thus, the reformulation of
meat products must achieve a reduction of overall amount of fat
and an improvement in the fatty acid (FA) profile.14–17 However,
direct replacement by vegetable oils is quite difficult due to the
intrinsic and unique characteristics of animal fats such as texture,
mouth feel, and juiciness.18,19 Indeed, the textural features of meat
products change with respect to original product as reported by
Barbut et al.,19 who showed a firmer and more rubbery comminute
beef product when beef fat was replaced directly with canola
oil. To solve these issues, the structuring of vegetable oils using
the incorporation of edible structured gels has received much
attention in recent years.20–22

Edible oleogels, based on healthy oils, are developing as a novel
structuring method to reduce the negative effects of trans and
saturated FAs. An oleogel is composed of an organic liquid trapped
in a three-dimensional thermo-reversible network, in which the

oleogelator plays a key role.23 In edible oils, such as sunflower oil,
mixtures of plant sterols (𝛾-oryzanol and𝛽-sitosterol) have recently
been investigated, showing excellent potential.24–26 Specifically,
this mixture forms complex supramolecular structures such as
tubules, which support gelled structures with a self-assembly
system.27,28 One of the great advantages of the plant sterols is that
they have a blood-cholesterol-lowering effect, which is beneficial
to human health.29 Another alternative oleogelator is beeswax,
which is mainly composed of hydrocarbons, free fatty acids, esters
of fatty acids, and fatty alcohol diesters. This oleogelator has
previously been tested in meat products such as pâtés30 and
burgers.31 However, there has been little information about how
oleogels could be used in meat products or about their effects on
meat quality and sensory analysis.

The aim of this study was to assess the potential replacement of
pork backfat by linseed oleogel using two different oleogelators
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(a mixture of 𝛾-oryzanol and 𝛽-sitosterol and beeswax) and differ-
ent substitution levels, and to investigate its effect on the main
quality characteristics (color, texture, and sensory features) of
dry-cured sausages.

MATERIALS AND METHODS
Oleogels elaboration
Two oleogels that contain beeswax and a mixture with 60:40 (w/w)
𝛾-oryzanol and 𝛽-sitosterol in linseed oil were prepared. In both
cases, a commercial linseed oil, Vitaquell®, with 72% polyunsatu-
rated (∼55% 𝛼-linoleic), 19% monounsaturated, and 9% saturated
FAs was used as the oil phase. 𝛾-Oryzanol and 𝛽-sitosterol were
purchased from Oryza Co. (Tokyo, Japan) and Sigma-Aldrich (Paris,
France) respectively. Both oleogels were prepared using 8% (w/w)
of oleogels in linseed oil stirring at 80 ∘C until solubilization (at least
30 min) as explained elsewhere.32,33

Dry-cured sausage elaboration
Five different batches of dry-cured ‘Salchichón’ sausages were for-
mulated in the pilot plant of the Meat Technology Center of Galicia
(Ourense, Spain). A control batch, two batches with 𝛽-sitosterol
and 𝛾-oryzanol (SO) as oleogelators in linseed oil, and another two
batches in beeswax (B) as an oleogelator in linseed oil were made.
In the control batch, the pork sausage recipe included lean pork
meat (70%), pork backfat (18%), water (8%) and additive (4%). In
the other four batches, the replacement level of pork backfat by
linseed oleogel was 20% (SO-20, B-20) and 40% (SO-40, B-40). Addi-
tive ‘542 Salchichón’ from Laboratorios Ceylamix (Valencia, Spain)
was composed, in unknown proportions, of sugar (lactose and
sucrose), salt, dextrin, spices (black and white pepper and nutmeg),
milk protein, monosodium glutamate (E-621), phosphates (E-450,
E-451), sodium erythorbate (E-316), potassium nitrate (E-252), and
coloring (E-120). No starter culture was added. The lean was
ground through a 12 mm diameter mincing plate; meanwhile, the
pork backfat (in a frozen state) and linseed oleogel were ground
through an 8 mm diameter mincing plate and vacuum minced
with ‘542 Salchichón’ additive at 0.8 bar using an industrial mixer
(Fuerpla, Mod. AO-85, Valencia, Spain) for 3 min. The meat mixture
was maintained at 3–5 ∘C for 24 h and then it was stuffed into col-
lagen casings with a diameter of 55–60 mm and a length of 40 cm
(Fibran, S.A., Girona, Spain). Sausages were fermented for 2 days at
20 ∘C and 80–85% of relative humidity, and then transferred into a
drying-ripening chamber where they were kept for 49 additional
days at 12 ∘C and 75%–80% relative humidity. Sausages were
made in triplicate and 10 dry-cured ‘Salchichon’ sausages were
used per replicate. Samples were taken at the end of the ripen-
ing for subsequent analysis. To prepare the samples for analysis,
after removing and discarding the outer casing of each dry-cured
sausage unit, the edible part was ground in a Moulinette mincer
(Moulinex/Swan Holding Ltd, Birmingham, UK) until a homoge-
neous mass was obtained.

Physicochemical analysis
Quality parameters: pH, color, and proximate composition
The pH was measured using a portable pH meter (Hanna Instru-
ments, Eibar, Spain) equipped with a penetration probe. The
color determination of sausages from fresh-cut cross-sections was
assessed at three different points with a portable colorimeter (Kon-
ica Minolta CM-600d, Osaka, Japan), with a pulsed xenon arc lamp
filtered to illuminant D65 lighting conditions, 0∘ viewing angle

geometry, and 8 mm aperture size. Color was reported according
to CIELAB space34: lightness, (L*); redness, (a*); yellowness, (b*),
with the next settings machine (pulsed xenon arc lamp, angle of
0∘ viewing angle geometry and aperture size of 8 mm). Hue (Hab)
and chroma (C*) were calculated from the a* and b* values accord-
ing to Eqns 1 and 2:

C∗ =
√
(a∗)2 + (b∗)2 (1)

hab = acr tan
b∗

a∗ (2)

Moisture, protein, fat, and ash were assessed following the ISO
recommended standards.35–37 Total fat was extracted according to
the AOCS Official Procedure,38 while carbohydrate contents were
estimated by difference.

Fatty acid profile
Total fat was extracted from a 12.5 g sample and 50 mg was
utilized to determine the FA profile. Total FAs were transesterified
following the procedure reported in 2015 by Dominguez et al.39

The separation and quantification of the fatty acid methyl esters
(FAMEs) was performed using a gas chromatograph (GC-Agilent
6890 N; Agilent Technologies Spain, S.L., Madrid, Spain) equipped
with a flame ionization detector following the chromatographic
conditions described by Dominguez et al.39 Data of FAME profiles
were expressed in grams per 100 g of fat.

Texture profile analysis
Sausage pieces of 1 × 1 × 2.5 cm (height×width× length) were
compressed at a crosshead speed of 3.33 mm s−1 in a texture
analyzer (TA.XTplus, Stable Micro Systems, Vienna Court, UK).
The following parameters were recorded: hardness, cohesiveness,
springiness, gumminess, chewiness, and adhesiveness by com-
pressing to 80% using a compression probe with 19.85 cm2 of sur-
face contact. The probe waited for 2 s between the first and second
compressions.

Sensory analysis
A pilot consumer test was performed by 28 panelists recruited
from personnel of the Meat Technology Center. The testing was
carried out in a room equipped with individual tasting booths
under white light according to ISO procedures.40 Water and bread
without salt were available for rinsing the mouth between sam-
ples. Slices (1.5 mm) were obtained using a commercial slicing
machine and were immediately served to the panelists. The five
samples were presented to participants following a balanced order
for each of them.41 Panelists evaluated the overall acceptability of
each sample using a seven-point hedonic scale, varying from (1)
‘liked very much’ to (7) ‘disliked very much’.42

Statistical analysis
Statistical analysis was carried out using the IBM SPSS Statistics
version 23 software package (SPSS, Chicago, IL, USA). A total of 50
dry-cured sausages (ten samples per each batch × five batches)
were analyzed for different quality traits. The effect of inclusion
of two oleogels at two levels (SO-20, SO-40, B-20 and B-40) was
evaluated employing a mixed-model ANOVA and these traits were
set as dependent variables, oleogel concentration (0, 20 and 40%)
as a fixed effect, and replicate as a random effect. The pairwise
differences between least-square means were examined using
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Figure 1. Chemical composition (fat, protein and carbohydrates calculated on dried basis), expressed in percentage of dry-cured sausages elaborated
with sterols (𝛾-oryzanol and 𝛽-sitosterol, SO) and beeswax (B) at two levels of fat replacement (20% and 40%).

Tukey’s test at a level of 5%. Pearson’s linear correlations were also
calculated with a coefficient at 5% of significance.

XLSTAT-Sensory version 2018 (Addinsoft SARL, Paris, France)
software was used to analyze all the sensory data. Overall accept-
ability data from the evaluation was analyzed by means of linear
mixed model. Oleogels and the replacement level of pork back-
fat were specified as fixed effects while panelist was specified as
a random effect. A significance level of 5% was considered in the
analysis and when the effect was significant, significant differences
were calculated using Tukey’s test.

RESULTS AND DISCUSSION
Chemical composition, pH, and color parameters of dry-cured
sausages formulated with oleogels
The proximate chemical composition of dry-cured sausages is
displayed in Fig. 1. The statistical analysis showed significant dif-
ferences for moisture, fat, and protein especially in the case of
SO batch. Nevertheless, numerical values among batches were
very similar. Moisture content was significantly different among
batches (P < 0.001) ranging from 27.99 to 44.20%. Interestingly,
the water content in the samples decreased with the amount of
𝛽-sitosterol and oryzanol oleogel in contrast to the samples with
beeswax oleogel. Thus, both of these batches exhibited different
types of drying speed from the control batch. The highest water
content (44.20%) was determined in SO-40 indicating a slower
drying process of dry-cured sausage. These data would suggest
that beeswax oleogel could generate a barrier, avoiding water
loss during the drying process, in comparison with the control

batch, reaching a final water content of 31.14%. On the other hand,
batch SO-40 lost significantly (P < 0.05) more water than the con-
trol batch (27.99 versus 31.14%), suggesting a faster drying pro-
cess. Interestingly, these variations in the final moisture content
among batches will influence textural and sensory parameters.
Differences were also found in the fat and protein content in SO
batches. Dry-cured sausage forms heterogeneous samples due to
the rough minced ingredients, which slightly change the composi-
tion of each sausage sample. Differences in water content modified
the other chemical components (fat, protein and carbohydrates),
on dry matter. The fat content ranged from 33.01% to 39.19%
resulting in lower values than other traditional sausages.43 It has
been reported that the amount of fat reduces the sausage’s weight
loss during the process in dry fermented sausages.6 Fat reduc-
tion or replacement could affect meat product aroma but it also
has positive implications for health.44–46 The protein values ranged
from 40.54 to 44.33% resulting in the lowest value (P < 0.05) in the
batch SO-40, but the difference was not very important.

The pH values among batches were significantly (P < 0.0001)
affected by oleogelator type and its concentrations as shown in
Table 1. The final pH was lower in dry-cured sausages containing
beeswax as an oleogelator than those with SO or the controls.
It seems possible that these results are due to the acidity of
the beeswax mixture compared to pork backfat. This fact could
also have important implications for the development of safety
products inhibiting the growth of microorganisms.

Color parameters (L*, a* and b*) showed significant differences
for all the batches (Table 1). Luminosity (L*) was influenced by
the type of oleogelator (SO and B) and its replacement level

Table 1. Effects of oleogelator type (SO and B) and fat replacement (20 and 40%) on pH and color parameters of dry-cured ‘Salchichón’ sausage,
elaborated with linseed oleogel

Control SO-20 SO-40 B-20 B-40 P value SEM

pH 5.26 ± 0.05a 5.17 ± 0.05b 5.27 ± 0.04a 5.08 ± 0.08c 4.85 ± 0.05d <0.0001 0.02
L 44.10 ± 2.10c 45.04 ± 2.24ab 42.98 ± 1.99c 46.64 ± 2.64b 54.68 ± 1.82a <0.0001 0.68
a* 13.32 ± 1.56b 13.29 ± 1.16b 12.77 ± 1.56b 14.96 ± 0.63a 15.01 ± 0.95a <0.0001 0.21
b* 9.59 ± 0.84c 9.43 ± 0.70c 12.06 ± 1.80b 11.76 ± 0.62b 15.58 ± 0.89a <0.0001 0.36
Croma 16.46 ± 1.24d 16.30 ± 1.26cd 17.60 ± 2.08c 19.07 ± 0.74b 21.64 ± 1.15a <0.0001 0.33
Hue 35.93 ± 4.41b 35.41 ± 1.88b 43.31 ± 3.78a 38.11 ± 3.75b 46.02 ± 1.68a <0.0001 0.75

a-d Mean values in the same row not followed by a common letter differ significantly (P < 0.05).
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Table 2. Effects of oleogelator type (SO and B) and fat replacement (20 and 40%) on textural characteristics of dry-cured ‘Salchichón’ sausage,
elaborated with linseed oleoge

Control SO-20 SO-40 B-20 B-40 P value SEM

Hardness 26.97 ± 3.40a 28.12 ± 3.34a 25.88 ± 2.85a 16.48 ± 1.71b 5.85 ± 0.39c <0.0001 1.27
Springiness 0.47 ± 0.06b 0.52 ± 0.03ab 0.50 ± 0.08ab 0.53 ± 0.02a 0.55 ± 0.01a 0.034 0.007
Cohesiveness 0.38 ± 0.01b 0.36 ± 0.01b 0.38 ± 0.03b 0.36 ± 0.007b 0.42 ± 0.002a <0.0001 0.004
Gumminess 10.50 ± 1.31a 10.49 ± 0.85a 10.03 ± 1.04a 5.97 ± 0.58b 2.47 ± 0.05c <0.0001 0.49
Chewiness 5.03 ± 1.01a 5.35 ± 0.71a 4.54 ± 0.73b 3.09 ± 0.43c 1.35 ± 0.08d <0.0001 0.23

a-d Mean values in the same row not followed by a common number differ significantly (P < 0.05).

(20% and 40%). A negative correlation was also found between
L* and pH as well as between L* and moisture (r = −0.875 and
r = −0.853 respectively; P < 0.01). These findings indicated that
dry-cured sausages became darker due to an increase in the
final pH. Thus, the replacement of pork backfat with linseed oil
gelificated with beeswax strongly increased luminosity. Similar
results were reported in other studies in which the replacement of
pork backfat by olive oil in fermented sausages provided lighter
colored sausages.13,47–49 However, Stajić et al.50 reported that a
higher level of animal fat substitution with pretreated linseed
oil did not influence L* values. The redness (a*) values were
unaffected by SO oleogelators; however, the beeswax produced an
increase in redness, resulting in an average value of 14.98. Finally,
as expected, yellowness (b*) was strongly affected (P < 0.0001) by
replacement of pork fat with linseed oil due to the yellow color
of the linseed oil and beeswax, with increments of 25.75% and
62.45% for SO-40 and B-40, respectively, with respect to the control
batch. These findings are consistent with another study, which
reported that a fat replacement of 10–20% by olive oil resulted in a
lighter color and yellowness in fermented sausages.43 Stajić et al.50

also noticed that animal-fat reduction led to a significant (P < 0.05)
increase in b* values in all modified frankfurters. These changes
to the color in the fermented sausages may influence consumer
acceptability, resulting in a SO oleogelator more similar to control
sausages in terms of final color.

Textural parameters of dry-cured sausages formulated
with oleogels
Table 2 shows the effects of linseed olegels composed of
𝛾-oryzanol and 𝛽-sitosterol (SO) and beeswax (B) on texture
profile analysis of dry-cured sausages. The effect of beeswax
oleogel was stronger than 𝛾-oryzanol and 𝛽-sitosterol, resulting in
significant differences in nearly all textural parameters (hardness,
cohesiveness, gumminess, and chewiness). The textural attributes
are affected by the drying process, the fermentation process, and
the type of oleogel,51 which can increase firmness or reduce it as
in the present study. However, differences in hardness and chewi-
ness may be due to differences in water content among batches.
In agreement with other studies about fermented sausages pro-
duced in Spain,52 Italy,53 and Turkey,54 a significant and negative
correlation between pH and water content was found (r = −0.908,
P < 0.01). On the other hand, significant (P < 0.01) moderate cor-
relations between fat content and textural properties (hardness
r = −0.389, chewiness r = −0.429 and cohesiveness r = 0.397)
were found. These results agree with other studies which reported
that low-fat sausages showed the highest values in hardness
and chewiness.55,56 Dry-cured sausages containing beeswax
oleogelator (B-20 and B-40) were significantly lessl hard than
control sausages, and those elaborated with a mixture of sterols.

There were strong correlations between moisture content and
hardness, gumminess, and chewiness (r = −0.885, −0.871, −0.773,
respectively; P < 0.01). These findings are consistent with those
of Lorenzo et al.52 for dry-cured ‘chorizo’ sausage. Thus, water
content and pH play a vital role in textural parameters of dry-cured
sausages with oleogels SO and B in linseed oil.

Fatty acid profile of dry-cured sausages formulated
with oleogels
The FA composition of dry-cured sausages made with different
oleogels (SO and B) in linseed oil using two levels of replacement
(20% and 40%) is shown in Table 3. The partial replacement of pork
backfat with oleogels had a significant effect on fatty acids with
the exception of linoleic acid. As expected, the type of oleogelator
and the level of replacement led to significant differences in the
lipid profile of dry-cured sausages.

In general, the most abundant fatty acids were monounsat-
urated fatty acids (MUFAs), followed by saturated fatty acids
(SFAs), and polyunsaturated fatty acids (PUFAs), with the excep-
tion of B-40 in which PUFA was the majority fraction. Oleic
acid was the most predominant FA (32.01–39.84%) followed by
palmitic acid (16.32–23.06%) with the exception of B-40 and SO-40
batches, because linolenic acid (19.09–19.94%) and linoleic acid
(16.63–17.84%) were more abundant than palmitic acid. The main
FAs detected were oleic, palmitic, linoleic, stearic, and linolenic
acids, listed in descending order, in agreement with other stud-
ies of fermented sausages.48,57 The amount of linseed oil replac-
ing the pork backfat reduced the SFA content from 35.88 g/100 g
obtained in control sausages to 31.85 and 28.78 g/100 g for SO
and B batches, respectively. The greatest reductions were achieved
for SO-40 and B-40 with SFA reductions of 21.75% and 28.65%,
respectively. Other authors have reported important reductions
in SFA content when replacing pork backfat with olive oil,48,58

and linseed oil50,59 in fermented sausages. The most abundant
SFAs were palmitic and stearic acids in all batches, and a marked
decrease in palmitic and stearic content was achieved in the high-
est level of replacement. This outcome is appealing for developing
healthy meat products to reduce SFA in the human diet, to avoid
increments in LDL-cholesterol and consequently atherogenic and
hypercholesterolemic effects.60 As consequence of replacement,
the PUFA fraction and n-3 PUFA content were clearly higher in
sausages with linseed oil due to the higher amount of 𝛼-linolenic
acid. For this reason, PUFA/SFA and n-6/n-3 ratios were increased
and reduced, respectively. Specifically, control sausages had the
lowest PUFA/SFA ratio (0.64) and the higher n-6/n-3 (10.33); mean-
while a 40% replacement of pork backfat by linseed oleogel
modified these ratios significantly (P < 0.05) to 1.34 and 1.78, for
PUFA/SFA ratio in SO-40 and B-40 treatments, respectively and
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Table 3. Effects of oleogelator type (SO and B) and fat replacement (20 and 40%) on the fatty acid profile of dry-cured ‘Salchichón’ sausage,
elaborated with linseed oleogel

Control SO-20 SO-40 B-20 B-40 P value SEM

C14:0 1.32 ± 0.13a 1.30 ± 0.18a 0.94 ± 0.09c 1.14 ± 0.06b 0.87 ± 0.22c <0.0001 0.03
C16:0 23.06 ± 1.91a 22.99 ± 2.64a 17.28 ± 1.33c 20.47 ± 0.85b 16.32 ± 3.67c <0.0001 0.51
C16:1n7 2.46 ± 0.25a 2.41 ± 0.34ab 1.76 ± 0.17c 2.17 ± 0.12b 1.63 ± 0.42c <0.0001 0.06
C17:0 0.42 ± 0.04a 0.41 ± 0.04a 0.31 ± 0.01c 0.36 ± 0.01b 0.27 ± 0.05d <0.0001 0.01
C17:1n7 0.32 ± 0.03a 0.32 ± 0.04a 0.24 ± 0.02b 0.29 ± 0.01a 0.22 ± 0.05b <0.0001 0.007
C18:0 10.68 ± 0.72a 10.55 ± 0.77a 8.67 ± 0.34c 9.65 ± 0.24b 7.79 ± 1.12d <0.0001 0.19
C18:1n7t 0.26 ± 0.02a 0.27 ± 0.02a 0.25 ± 0.02ab 0.23 ± 0.01b 0.19 ± 0.03c <0.0001 0.005
C18:1n9c 39.84 ± ±2.41a 39.84 ± 3.81a 34.25 ± 2.09bc 37.36 ± 1.39ab 32.01 ± 2.92c <0.0001 0.50
C18:1n7c 2.89 ± 0.22a 2.86 ± 0.31a 2.31 ± 0.15b 2.68 ± 0.10a 2.17 ± 0.47b <0.0001 0.05
C18:2n6c 17.01 ± 0.82 17.58 ± 1.80 17.84 ± 1.12 16.79 ± 0.82 16.63 ± 2.06 0.874 0.30
C20:0 0.12 ± 0.005b 0.12 ± 0.007b 0.13 ± 0.004a 0.14 ± 0.008a 0.13 ± 0.009a 0.004 0.001
C18:3n3 4.22 ± 2.55a 6.64 ± 2.73a 19.09 ± 1.55a 10.19 ± 0.88b 19.94 ± 2.06a <0.0001 0.77
C20:2n6 0.65 ± 0.07a 0.63 ± 0.07a 0.46 ± 0.03c 0.57 ± 0.01b 0.41 ± 0.08c <0.0001 0.01
C20:3n6 0.16 ± 0.01a 0.16 ± 0.02a 0.12 ± 0.008b 0.14 ± 0.008a 0.12 ± 0.02b <0.0001 0.003
C20:4n6 0.58 ± 0.05a 0.56 ± 0.07a 0.46 ± 0.02b 0.54 ± 0.03a 0.48 ± 0.11b 0.0001 0.11
C22:5n3 0.13 ± 0.01a 0.13 ± 0.01a 0.10 ± 0.006b 0.12 ± 0.004a 0.10 ± 0.02b <0.0001 0.002
SFA 35.88 ± 2.83a 35.64 ± 3.65a 28.07 ± 1.83c 31.97 ± 1.13b 25.60 ± 3.10c <0.0001 0.64
MUFA 46.09 ± 2.96a 46.39 ± 3.51a 39.62 ± 2.48bc 43.03 ± 1.75ab 36.46 ± 4.05c <0.0001 0.75
PUFA 22.88 ± 3.89c 26.08 ± 4.44bc 37.79 ± 2.48a 28.55 ± 1.51b 38.27 ± 5.45a <0.0001 0.99
n-3 4.35 ± 3.70c 6.93 ± 3.72bc 19.21 ± 1.58a 10.15 ± 0.83b 20.04 ± 4.08a <0.0001 0.79
n-6 18.42 ± 0.93 19.03 ± 1.93 18.48 ± 1.18 18.11 ± 0.99 18.13 ± 2.39 0.906 0.22
n-6/n-3 10.33 ± 3.65a 6.12 ± 2.63b 0.96 ± 0.06c 1.75 ± 0.06c 0.90 ± 0.03c <0.0001 0.55
PUFA/SFA 0.64 ± 0.18d 0.74 ± 0.18d 1.34 ± 0.08b 0.89 ± 0.02c 1.48 ± 0.07a <0.0001 0.05
AI 0.41 ± 0.04a 0.39 ± 0.04a 0.28 ± 0.01c 0.35 ± 0.004b 0.26 ± 0.004c <0.0001 0.009
TI 0.83 ± 0.24a 0.70 ± 0.23a 0.31 ± 0.02c 0.50 ± 0.01b 0.28 ± 0.01c <0.0001 0.59

a-d Mean values in the same row not followed by a common number differ significantly (P < 0.05).

0.96 and 0.90, for n-6/n-3 ration in SO-40 and B-40 treatments,
respectively.

The improvement of these two ratios is important for developing
healthy meat products because an excessive amount of n-6 PUFA,
resulting in higher n-6/n-3 ratios, contributes to several types of
pathogenesis, such as cardiovascular diseases.61 Hence, the aver-
age n-6/n-3 ratio of 0.93 in the two batches with higher replace-
ment (SO-40 and B-40), instead of 10.33 presented in the control
samples suggest a nutritional benefit, according to European Food
Safety Authority recommendations.60 This finding is in agreement
with other studies which reported that the inclusion of linseed
oil,50,59 olive oil58 or fish oil62 decreased the n-6/n-3 ratio in differ-
ent sausages.

Sensory attributes of dry-cured sausages formulated
with oleogels
Sensory analysis indicated that there were significant differences
in overall acceptability (P < 0.05), influenced by oleogelator
type and replacement level of pork backfat. Figure 2 shows
the overall acceptability results for the batches that were ana-
lyzed. This depends on many attributes and their interactions.
Panelists detected significant differences (P < 0.05) regarding
the dry-cured sausages, with overall acceptability scores of
1.86± 0.16, 3.07± 0.21, 4.71± 0.34, 3.21± 0.22 and 4.57± 0.29
for CO, SO-20, SO-40, B-20 and B-40, respectively. Although the
control batch showed more acceptability (P < 0.05) than the 20%
substitution batches, both formulations scored in the positive
part of the hedonic scale used in this study, obtaining a positive
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Figure 2. Means and standard errors of the mean (SEM) of the acceptabil-
ity scores (rated on a seven-point category hedonic scale) of dry-cured
sausages elaborated with sterols (𝛾-oryzanol and 𝛽-sitosterol, SO) and
beeswax (B) at two levels of fat replacement (20% and 40%).

acceptance. However, SO-40 and B-40 scored in the negative part
of the hedonic scale. Regarding oleogelator type (SO and B), the
panelists did not find significant differences in overall acceptabil-
ity, although both were scored less for acceptability (P < 0.05)
than the control. This finding is in agreement with data reported
by Stajić et al.50 who found that that all modified frankfurters had
similar grades to control groups in terms of color, taste, odor, and
overall appearance.
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CONCLUSIONS
Edible oleogels based on mixtures of 𝛾-oryzanol and 𝛽-sitosterol
and beeswax in linseed oil can replace pork backfat in fermented
sausages. One of the issues that emerges from our findings is that
the drying process is modified by the incorporation of oleogelator
and the level of replacement, affecting textural and sensorial
attributes.

Regarding fatty acids, the improvement of PUFA/SFA and n-6/n-3
ratios in sausages with oleogels is particularly important for devel-
oping healthy meat products. However, sensorial parameters also
change substantially resulting in a clear distinction among prod-
ucts. These healthier dry-cured sausages need to be enhanced
with respect to textural parameters to meet consumer demands.
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