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Abstract: Frankfurters are one of the most demanded meat products in the world due to their
low cost and good taste. However, they contain up to 30% animal fat, which is negative for the
consumer’s health. Moreover, high-fat contents could also decrease frankfurter sensory properties,
since it accelerates the rancidity of the products. This fact is highly dependent on the fatty acids
composition since the unsaturation promotes oxidative reactions. Currently, strategies have been
developed to replace animal fat with vegetable oils or the inclusion of new raw materials. The murta
(Ugni molinae Turcz), an endemic plant in Chile, is a specie that contains high levels of flavonoids in
its fruits and has a pleasant flavor, as well as a sweet and floral aroma. However, the effect of the
addition of these fruits in the formulation of meat products has been scarcely studied. The present
study aims to reduce the use of synthetic additives using natural ones (murta powder). Therefore, this
research evaluated the influence of the inclusion of murta on the chemical, sensory, and instrumental
parameters of traditional frankfurters. Three batches of frankfurters were manufactured: control
sausages without additives (T0); samples with chemical antioxidant (T1); and with murta fruit
powder (T2). The chemical composition, physicochemical parameters and sensory properties were
determined. Frankfurters made with murta (T2) presented middle values in energy, moisture and
sodium compared with control. Also, the reformulated sausages (T2) presented the lowest water
holding capacity, redness (a*) and yellowness and the highest values of fat and carbohydrates.
Regarding fatty acids content, the most important changes were observed in the C18:0 and C14:0 (T2
presented the lowest values) and C18:2n-6 (T2 had the highest values), but minimal differences were
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observed in the total SFA, MUFA and PUFA content. Cholesterol content from T2 were similar to the
control samples, and T1 presented the highest values. Although these differences, both chemical and
nutritional quality of all frankfurters manufactured in the present study were very similar among
treatments. Finally, according to the sensory analysis, T2 presented better acceptability and sensory
characteristics compared with the other treatments (p ≤ 0.05). Therefore, the inclusion of murta
in the production of frankfurters could be a strategy to improve the sensory characteristics of this
product with minimal changes in chemical and nutritional properties. However, the effect of murta
on oxidative stability and frankfurter shelf-life should be studied in depth in future research.

Keywords: native berries; natural additives; meat products; sensory attributes; healthy meat

1. Introduction

Nowadays, since consumers are increasingly aware of the relationship between food
and health, there is a growing trend in the market towards the consumption of healthy
foods, with improved nutritional characteristics and elaborated with functional ingredi-
ents [1–3]. Frankfurters are cooked-smoked emulsion-type sausage and one of the most
popular meat products. In Chile, the national industry registered an increase in the produc-
tion of sausage products, 9.73 million kg (3.7%) in 2019, respected the previous year. The
meat product mainly affected by the positive variation was the frankfurters (3.3%) [4]. The
wide consumption of frankfurters has become popular due to the characteristics of these
types of products (low cost and good flavor/taste). However, the high fat amounts used in
the traditional frankfurters and cooked sausages [5–7] resulted in oxidative degradation [8]
and therefore, reduce the self-live during the storage and quality characteristics in terms of
flavor, texture, and other functionalities [6]. In fact, these degradative reactions are consid-
ered the main deterioration process in the meat industry [8]. Synthetic antioxidants can be
effective against lipid oxidation, but their use in meat products are related to a possible role
in carcinogenesis [9]. This scenario favors innovation and implies the development of new
processes and the use of alternative additives [10–15]. Therefore, it is important to develop
functional meat products with a balance in fat content, fatty acid composition, choles-
terol and sodium, without affecting their sensory quality and technological characteristics,
contributing to their nutritional quality and consumer health [16,17].

With this in mind, current consumers’ preference for healthier and more natural
foods has led to the inclusion of natural antioxidants in meat products to improve their
shelf-life and reduce the use of synthetic antioxidants [18–20]. In fact, the tendency to
reformulate meat products with natural ingredients is one of the topics studied during
the last decades. This, together with a trend towards the reduction of animal ingredients
and an increase in products of vegetable origin, makes a continual search for new natural
sources of natural and potentially usable ingredients for the fortification of traditional
products [13,21,22]. However, these reformulations can have both positive effects (reduce
oxidation, increase shelf life, maintain sensory characteristics e.g., color) and can also have
negative effects (strange odors, colors not associated with the meat product, technological
problems or modification of the characteristics of the product) [21]. Therefore, it is vital
to make an exhaustive study of the new sources of functional ingredients [21]. In this
sense, myrtleberry, also known as Chilean guava, murtilla, or murta (Ugni molinae Turcz),
is a Myrtaceae specie from southern Chile with promising composition [23]. The murta is
cultivated by the Chilean indigenous ethnic Mapuche, who has historically appreciated
this shrub due to its diverse benefits and used it as anti-inflammatory and pain relief.
Furthermore, murta fruits have a pleasant taste and a sweet and floral aroma. Due to
these characteristics, murta are used in the medical, cosmetic and food industries [24,25].
The biological properties of murta leaves and fruit are related to their high content in
phenolic compounds [23], which determine also their high antioxidant activity [26,27].
In fact, murta extracts have demonstrated high in vitro antioxidant capacity and they
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have been incorporated into various cosmetic products to increase their durability [26].
Moreover, López de Dicastillo et al. [28] concluded that phenolic contents in U. molinae
fruits were higher than values reported for other berries, such as plum, blackberries and
strawberries. Also, the analysis of murta extract shows high antibacterial activity against
both Gram-positive and Gram-negative bacterial strains [25]. Thus, murta fruit is a good
source of bioactive compounds and an alternative to be incorporated in the reformulation
of meat products.

Therefore, taking into account that it is necessary to identify new natural sources
to reduce the use of synthetic additives in the food industry, the use of murta to obtain
healthier products is proposed. In this context, the present study aimed to determine
the effect of murta addition in frankfurters formulation on their chemical composition,
physicochemical, and sensory properties.

2. Materials and Methods
2.1. Sample Preparation

The murta fruits (Ugni molinae Turcz) were obtained from 23-2-INIA ecotype (Instituto
de Investigaciones Agropecuarias INIA Carillanca Murta Gene Bank). The ecotype used
in this research was selected on agronomical and organoleptic characteristics [24]. The
murta powder was supplied by the Food Science Laboratory of the Universidad de La
Frontera, and its chemical composition analysis was carried out on SGS Chile Laboratory,
according to the norms explained below. Briefly, for the preparation of murta powder,
murta fruit was pulverized in a cold mill and passed through a 0.5 mm sieve. The chemical
antioxidant “Plus Color”, usually used in the frankfurter’s preparation, was acquired by
Prinal S.A. (Santiago, Chile). The chemical composition of both antioxidant sources is
shown in Table 1.

Table 1. Chemical composition of antioxidants ingredients used in frankfurters formulation.

Parameter Murta
(Ugni molinae Turcz) Plus Color

Energy value (Kcal/100 g) 328.3 181
Ash (%) 3.0 0

Crude fiber (%) 7.1 0
Fat (%) 1.5 0

Moisture (%) 9.7 0
Protein (%) 3.3 0

Sodium (mg/100 g) 51.2 20.662
Total carbohydrate (%) 75.4 38.4

Three different frankfurter batches (5 kg each) were prepared. The control was pro-
duced without an antioxidant (T0). The other two batches were formulated with different
antioxidant types at the same concentration (T1: with Plus Color, a chemical antioxidant,
and T2: frankfurter formulated using murta powder as antioxidant). The final concentration
of each antioxidant was the same quantity of chemical antioxidant usually used in frankfurter
manufacturing (0.53% of formulae). Table 2 shown the frankfurters formulations.

Briefly, the procedure to elaborate the different frankfurters treatments was as follows:
lean raw pork and beef meat were mixed with salt, nitrites, antioxidants (murta powder of
Plus Color), and species (pepper, garlic powder, and cumin). This mixture and bacon were
grounded separately and were kept at 4 ◦C. Then, lean meat, and bacon were homogenized
for 2 min in a meat cutter, to obtain a meat batter. Ice water was added, and the meat batter
temperature was kept below 8 ◦C during all processes. Then, the meat batter was stuffed
into a collagen casing (diameter 22 mm). The resulting frankfurters were cooked in a water
bath at 75 ◦C until to obtain a frankfurter internal temperature of 72 ◦C. After cooking,
the frankfurters were cooled in ice, drained for 30 min and stored at 4 ◦C for subsequent
analysis. All manufacturing process was replicated twice, with the same ingredients and
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processing conditions. Six samples of each treatment and manufacture replicate were used
for the analysis.

Table 2. Formulation of frankfurters with and without antioxidants (expressed as percentage of
total weight).

Ingredients (%)
Treatments 1

T0 T1 T2

Pork 47.18 46.93 46.93
Beef 10.65 10.60 10.60

Bacon 18.26 18.17 18.17
Water 22.83 22.71 22.71
Salt 0.76 0.76 0.76

Nitrites (Curaid®) 0.08 0.08 0.08
Pepper 0.08 0.08 0.08

Garlic Powder 0.08 0.08 0.08
Cumin 0.08 0.08 0.08

Antioxidant 0 0.53 0.53
1 T0: control without antioxidant, T1: chemical antioxidant (Plus Color), T2: natural antioxidant (murta).

2.2. Proximate Composition

The proximate composition of the frankfurters was performed 24 h after their manu-
facture in SGS Chile Ltd.a, member of the SGS Group (Société Générale de Surveillance),
according to the following methods: moisture, 0I-CTS-LAB-200 based on Nch 841.Of78 [29];
protein, 0I-CTS-LAB-203 based on ISO procedure [30]; ash, I-CTS-LAB-201 based on AOAC
Method 923.03 [31]; total carbohydrates, non-nitrogen extract expressed as total carbohy-
drates; crude fibre, Gafta Method 9 [32]; total fat, I-CTS-LAB-202 based on AOAC Method
920.39 [31]; sodium, AOAC Method 985.35 [33].

2.3. Color and pH

The pH of the frankfurters was determined directly using a portable pH-meter for
meat HI98163 (Hanna Instruments Inc., Romania). Measurements were performed in
sixtuplicate at room temperature, changing the location of pH insertion in the frankfurter.

Color was measured directly in the internal part of the frankfurters using a Konika
Minolta colorimeter Color Reader CR-10 (Konica Minolta Sensing, Inc., Tokyo, Japan),
calibrated before measurements. The following CIE color coordinates were determined:
redness (a*), yellowness (b*) and lightness (L*). Six determinations per sample were
carried out.

2.4. Water-Holding Capacity (WHC) and Cooking Loss

The WHC of the frankfurters was determined using the compression method ac-
cording to Dzudie et al. [34] with modifications. The frankfurters were ground in a food
processor and blender model 123–750 W Moulinex (Moulinex, France) and 0.5 g of sample
was placed between two qualitative filter papers Whatman (Grade 2, Cytiva, Marlbor-
ough, MA, USA) and then placed between two glass Petri dishes, with a force of 2250 kg
applied for 15 min. The WHC was performed by sixtuplicate, and calculated using the
following equations:

% free water = {(Wi − Wf)} × 100 (1)

WHC = 100 − %free water (2)

where Wi is the initial weight of the ground sample and Wf is the final weight.
The cooking loss was also determined in each treatment of frankfurters by sixtuplicate

by weight difference between uncooked and cooked samples. The frankfurters were cooked
in a contact grill large double S + S/S + S (MilanToast, Sulbiate, MB, Italy) at a central
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temperature of 70 ◦C determined by a handled probe. The cooking loss was calculated
as follows:

%cooking loss = {(Wu − Wc)/Wu} × 100 (3)

where Wu is the weight of the uncooked sample and Wc is the weight of the cooked sample.

2.5. Fatty Acid Analysis and Cholesterol

For the fatty acid and cholesterol analysis, the frankfurters from each batch were
minced using a domestic mincer in order to have homogeneous and manageable sam-
ples. After mincing, the samples were weighed and prepared for the subsequent analysis
according to the method.

The lipids were extracted according to Folch methodology [35]. Fatty acid methyl
esters (FAMEs) were formed using 800 µL of n-hexane for analysis (Merck, Germany)
and 1.3 mL of 2 N potassium hydroxide in methanol (Merck, Germany), added to each
sample and then shaken magnetically for 30 min. The supernatant was filtered with 0.5 g
of anhydrous sodium sulfate for analysis (Merck, Germany), and centrifuge at 2000× g at
room temperature for 5 min. The FAMEs were analyzed using a gas chromatograph (Clarus
500 chromatograph, Perkin Elmer, MA, USA) equipped with a flame ionization detector
(FID), split injection mode and autosampler. The FAME separation was carried out with a
fused silica capillary column SPTM 2380 (60 m × 0.25 mm × 0.2 µm film thickness) (Supelco,
PA, USA). One microliter of FAMEs extract was injected, and the column temperature
program was: initial temperature set at 150 ◦C, after 1 min the temperature was increased
at a rate of 1 ◦C min−1 to 168 ◦C, held for 11 min, then increased at 6◦ C min−1 to 230 ◦C,
and this temperature kept for 8 min. The temperature of the detector and the injection port
was 250 ◦C and Nitrogen was used as carrier gas. Individual FAMEs were identified by
retention time using a standard mixture of 37 components FAME Mix C4-C24 (Supelco, PA,
USA), and for the identification of conjugated linoleic acid (CLA) isomers, the standard
octadecadienoic acid and conjugated methyl ester (CLA Sigma-Aldrich, Milwaukee, WI,
USA), both analyzed under the same chromatographic conditions.

The cholesterol of the frankfurters was extracted by the procedure described by
Fletouris et al. [36] and analyzed by gas chromatography in a Clarus 500 chromatograph,
equipped with a column DB-17 (30 m × 0.25 mm × 0.15 µm film thickness, Agilent
Technologies, Santa Clara, CA, USA). One microliter of cholesterol extract was injected
under the next column temperature conditions: initial oven temperature was set at 250 ◦C
and maintained for 10 min, then increased to 260 ◦C for 10 min at a rate of 5 ◦C min−1 and
hold for 18 min. The temperatures of the detector (FID) and the injection port were 300 ◦C
and 250 ◦C, respectively. The cholesterol was identified and quantified using 5-α-cholestane
(Sigma-Aldrich, Inc., Saint Louis, MO, USA), as internal standard.

2.6. Sensory Evaluation

An acceptance test was performed by 130 consumers (the percentage of female and
male participation was 47.3 and 52.7%, respectively, and the age range was 21–50 years),
that regularly consume this kind of frankfurters. All consumers were of legal age (>18 years
of age) and lived in the urban area of the city of Temuco, La Araucanía region. Each sausage
treatment was cooked in an electrical contact grill large double S + S/S + S (MilanToast,
Sulbiate, MB, Italy) pre-heated at 150 ◦C and cooked the frankfurters until reached a
central temperature of 70 ◦C determined by a handled probe. Samples were cut into cubes
(2 cm × 2 cm × 2 cm), wrapped in aluminum foil, and assigned a random code number
of two digits to identify each sample. Then immediately presented to the consumers in
plastic dishes. Unsalted crackers and mineral water were provided to the consumers to
clean their mouths between samples. The consumers· analysis was carried out under
controlled conditions in a room with white light in the Meat Center for Technology and
Innovation of the University of La Frontera, according to NCh-ISO6658:2016 [37]. The
samples were evaluated in a single session. The information provided to the consumer
was that they would evaluate three different frankfurters and the indications to do it. All
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the consumers were informed about the aim of this study and sign a list of participation.
The first instruction was to smell the samples immediately after opening the wrapped
aluminum container and to evaluate odor. Then, the consumers were requested to taste the
samples and evaluate their flavor, tenderness, and overall acceptability. Each consumer
evaluated the four different attributes for each sample: odor, flavor, tenderness, and overall
acceptability on 8-point category scales ranging from dislike extremely (1), dislike very
much (2), dislike moderately (3), dislike slightly (4), like slightly (5), like moderately (6),
like very much (7) and like extremely (8). In this case, the category scale was of 8 points
because the intermediate point corresponding to “neither like nor dislike” was excluded
to stimulate a specific response. Consumers very often tend to use this point when it is
available [38]. The goal of eliminating this point is because the distance between each
category of the scale should be the same [39], and it was considered that the distance
between ‘dislike slightly’ and ‘like slightly’ was double that between the other contiguous
categories. In the session, each consumer evaluated six samples (two from each treatment).
The frankfurters were served following a randomized design for limit carry-over effects.

2.7. Statistical Analysis

The statistical analysis was performed using the SPSS v.25 software for Windows (IBM
Inc., Chicago, IL, USA). Six samples by each batch and manufacture replica were used in
each analysis. To evaluate the statistical significance of the effect of the different frankfurter
formulations in proximate composition, physicochemical properties, fatty acid composition
and sensory analysis, a one-way analysis of the variance (ANOVA) was performed. The
formulation was assigned as fixed effect and replication as a random effect. Tukey·s
post-hoc test was applied for comparison of means and the results were expressed as mean
values and standard deviation. The differences were considered significant at p ≤ 0.05.

3. Results and Discussion
3.1. Proximate Composition and Physicochemical Parameters

The production and consumption of frankfurters have led researchers and industry to
focus to develop new technologies for the preparation of these sausages with reduced fat,
vegetable additives, fiber incorporation etc. [1,5,6,40,41] being an opportunity to improve
the nutritional quality of the final product and offer to the consumers a healthy and
functional meat product. In this study, the reformulation of frankfurters implied significant
changes in the proximate composition and energy values of the frankfurters (Table 3).

Table 3. Energy value and proximate composition of frankfurters.

Parameter *
Treatments 1

p-Value
T0 T1 T2

Proximate Composition (g/100 g)

Moisture 60.50 ± 1.04 a 56.25 ± 0.71 c 58.63 ± 0.16 b 0.000
Protein 14.60 ± 0.09 15.23 ± 0.68 14.35 ± 0.70 0.221

Fat 21.83 ± 0.19 b 23.00 ± 0.21 a 23.21 ± 0.72 a 0.001
Total carbohydrate 0.77 ± 0.05 b 0.64 ± 0.02 c 0.94 ± 0.04 a 0.000

Ash 2.07 ± 0.08 2.12 ± 0.04 2.05 ± 0.09 0.248
Crude fiber 0.42 ± 0.04 0.44 ± 0.03 0.41 ± 0.01 0.223

Energy value (Kcal/100 g) 258.20 ± 1.47 c 281.50 ± 0.42 a 271.42 ± 0.42 b 0.000
Sodium (mg/100 g) 448.50 ± 1.05 c 668.33 ± 9.30 a 458.78 ± 1.10 b 0.000

1 T0: control without antioxidant, T1: chemical antioxidant (Plus Color), T2: natural antioxidant (murta). Different
letters in the same row indicate significant differences (p ≤ 0.05; Tukey test); * All parameter values were presented
as mean ± standard deviation.

The frankfurter treatment with the addition of murta presented middle values in en-
ergy, moisture and sodium between the control treatment and frankfurters formulated with
Plus Color. In samples from control treatment were observed the lowest values of energy
and sodium and the highest values of moisture (p ≤ 0.05). The addition of the chemical
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antioxidant (Plus Color) significantly increased the energy value and sodium (p ≤ 0.05),
while the protein content show also slight increase (p > 0.05). In these frankfurters, the
sodium amount increased considerably (49%) in comparison with the control treatment and
(45.7%) sausages with murta. On the other hand, a significant increase (6.3%) was observed
in fat content (p ≤ 0.05) in treatments when antioxidant (chemical or murta) was added.
The fat is also responsible for the energy value, and in this sense, the lowest fat value
observed in the control treatment resulted in the lowest energy value in these samples. No
differences were observed in ash and crude fiber between treatments (p ≥ 0.05).

The values observed in the present study for the different proximate composition pa-
rameters agree with those reported previously by other authors. Multiple studies [5,41,42]
which analyzed the effect of animal fat reduction or replacement by other ingredients in
frankfurters reported moisture values of 55–66%, fat between 14–24% and protein between
11–18%. Although our values agree with the ranges reported by these authors, it is also
important to highlight that the composition of raw materials and the differences in the
Frankfurters· formulation between studies are the main source of variations among the
data observed in each study.

Regarding the effect of the reformulation, we observed that the energy value decreased
with decreasing the fat contents in the frankfurters among treatments. Thus, the lowest
fat content and energy value during frankfurters analysis was observed in T0 samples
(21.83% and 258.20 Kcal/100 g, respectively). The moisture presented the opposite trend
in comparison with fat. The reformulated frankfurters (T2 and T3) had lower moisture
content than the control (T0). Therefore, inverse and significant behavior were observed in
the proximate (moisture and fat) composition according to the formulation. The higher
moisture content in the control sausages determines that the rest of the parameters have
a lower content in percentage terms, which explains the results obtained in our study.
Moreover, murta addition also produced an increase in the total carbohydrate content of
the frankfurters due to the high content on the fruit (75.4 % total carbohydrate; Table 1).
However, although the murta contains about 7% of fiber, the reformulation did not influ-
ence ash (2.05–2.12%) nor crude fiber (0.41–0.44%). The low amounts of murta used in
the reformulation (0.53%) could be the reason for this behavior. As a general conclusion,
despite the significant differences that we have just mentioned, it should be noted that the
proximate composition of the frankfurters of the different formulations was very similar,
and the variations were minimal (<4% in moisture, <1.5% in fat, 0.3% in carbohydrates),
while the rest of the parameters did not vary significantly. This agrees with the results
previously observed by other researchers who found that the addition of fruit extract
of strawberry tree (Arbustus unedo L.) and dog rose (Rosa canina L.) or additives did not
affect the chemical composition of frankfurters [1]. Another study also indicated that the
chemical composition of the frankfurters was affected by the reduction/replacement of fat
content more than the addition of fruits extracts or additives [40], which agree with the
findings obtained in the present manuscript.

On the other hand, taking into account that the fat is the main parameter that influences
the energy content of foods (9 Kcal/100 g instead 4 Kcal/100 g in carbohydrates or proteins),
it is expected that the fat content differences resulted also in differences in the energy
content. In fact, a direct relation between fat and energy content was observed in our study,
where the samples with the lowest fat values (T0) also presented the lowest energy values.
This direct relation between the fat content and energy value was previously reported by
other authors [5,40,42], who confirm our findings. Therefore, in the present research, the
differences in energy values were due to the differences in fat content between samples.
In the Chilean warning system implemented in June of 2019, the steps for discouraging
food consumption with high content of unhealthy nutrients (sugar, saturated fat, sodium,
and calories), consist into identifying the products that exceed pre-established thresholds
and must include the octagonal signs with the expression “High in . . . ” for each nutrient.
Regarding the calories, the threshold is 275 kcal/100 g [43]. In this sense, in the present
study, only the frankfurters formulated with chemical antioxidant (Plus Color; T1) need to
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include the octagonal sign for calories since the control and murta reformulated samples
presented lower energy values than the threshold (258.2 and 271.4 Kcal/100 g for T0 and
T2, respectively).

Our findings show that murta addition only increased the sodium content by 2.29%
and the chemical antioxidant increased by 49% of sodium compared with the control
treatment. This result was expected since the sodium content of chemical antioxidant
(20.7 g/100 g, Table 1) was extremely higher than those found in the murta (51.2 mg/100 g,
Table 1). Even though it is important to note that the sodium values found in the present
study (ranged from 448 to 668 mg/100 g) were significantly lower than those reported
by other authors in frankfurters [1,42]. Therefore, and taking into account that health
institutions recommend the reduction of the sodium intake [16,44,45], it is important to
highlight that the inclusion of murta could be an excellent replacer for chemical antioxidant
since minimal influence in the sodium content was observed.

The two types of antioxidants used in the frankfurter formulation had different effects
on their physicochemical parameters (Table 4). The samples from control and murta
treatments had the lowest pH values (6.30 and 6.36, respectively), while the pH increased
significantly with the incorporation of chemical antioxidant Plus Color (p ≤ 0.05; 6.66). The
variation in pH value depends on the ingredients in the formulation of the frankfurters. In
our study, the pH increase with the incorporation of chemical antioxidant could be due
to Plus Color composition and their specific pH (Plus Color pH range of 7.0–8.0). Also,
the addition of synthetic antioxidants to frankfurters formulation, like BHT (butylated
hydroxytoluene), shown a higher pH value than frankfurters containing pomegranate juice
concentrates or pomegranate rind powder [9], which agree with our findings. Similarly,
as occurs in our study, the addition of different fruit extracts did not influence the pH
values in a previous study [1]. On the other hand, Choi et al. [6] mentioned that the pH
value of frankfurters elaborated with vegetable oil and fiber increased because they contain
minerals (principally iron, phosphorus, and calcium).

Table 4. Physicochemical parameters of frankfurters.

Parameters * Treatments 1 p-Value

T0 T1 T2

pH 6.30 ± 0.09 b 6.66 ± 0.04 a 6.36 ± 0.12 b 0.000
WHC 83.97 ± 0.64 a 84.52 ± 1.30 a 81.38 ± 1.16 b 0.000

CL 2.35 ± 0.83 4.94 ± 2.61 4.81 ± 1.87 0.198
Color parameters

Redness (a*) 16.58 ± 0.97 b 18.77 ± 0.41 a 15.71 ± 0.69 b 0.000
Yellowness (b*) 11.33 ± 0.34 a 11.02 ± 0.39 a 10.17 ± 0.54 b 0.001
Lightness (L*) 53.65 ± 1.30 a 51.33 ± 1.60 b 52.27 ± 1.44 ab 0.035

1 T0: control without antioxidant, T1: chemical antioxidant (Plus Color), T2: natural antioxidant (murta). WHC:
Water holding capacity; CL: Cooking loss; Different letters in the same row indicate significant differences
(p ≤ 0.05; Tukey test); * All parameter values were presented as mean ± standard deviation.

Water holding capacity (WHC) was reduced by the addition of murta antioxidant
(p ≤ 0.05). T0 and T1 had the highest WHC. These results showed that the addition of
murta did not improve the WHC, despite the high-quality pectin contained in murta fruit.
However, inulin and pectin have been scarcely used in cooked meat products, despite
the technological characteristics of dietary fibers, like the capacity to hold water, interact
with fat, and provide texture. Thus, the dietary fibers are a candidate to be used as
fat substitutes [25]. Other ingredients used in the frankfurters formulation, like fibers,
increased WHC, and this result is due to the level of fat and fiber addition. According
to López-López et al. [46] WHC of some dietary fibers is related to the polysaccharides
characteristics, specifically type and amount; in this sense, large particles are associated
with open structures that improve the properties of hydration and fat absorption capacity.
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However, the low amount of murta added to the reformulated frankfurters could explain
the results observed in the present research.

The cooking loss (CL) did not show significant differences between control and treat-
ments with chemical and natural antioxidant (p ≥ 0.05). Although this, the reformulated
sausages presented higher CL (4.94% and 4.81% for T1 and T2, respectively), than control
(2.35%). The CL of the frankfurters depends on the cooking temperature, cooking time, the
ingredients, and fat amount in the products [6]. In the present study, the formulations were
very similar (only 0.53% of murta or chemical antioxidant was added), and the processing
parameters (temperatures, times, etc.) were the same for all treatments, which could ex-
plain the lack of significant differences between control and reformulated samples. Other
authors reported differences in cooking loss frankfurters with reduced-fat [6,41] and with
fiber incorporation [47], but in these cases, the proportion and/or the type of ingredients
reformulation were changed between treatments.

Color plays an important role in the consumer perception and preferences in modified
meat products [10,11], like frankfurters. In this research, the instrumental analysis showed
that the color properties (a*, b* and L*) of the frankfurters were affected by the reformulation
(Table 4). Similar findings were observed previously by other authors, who reported a
significant influence of the plant extract addition on frankfurters color [1]. The highest
a* value was observed in frankfurters formulated with chemical antioxidant (Plus Color),
while samples from control and murta treatments presented lower values (p ≤ 0.05). The
highest b* value was found in control samples and frankfurters with the addition of
chemical antioxidant Plus Color, being these frankfurters more yellowness (p ≤ 0.05),
compared to frankfurters with murta added. Finally, in contrast to redness, the lowest
lightness (L)* value was observed in the samples from T1 treatment (51.33), while the control
frankfurters had the highest values (53.65) and murta samples presented intermediate
values (52.27 ± 1.44).

It was expected that frankfurter formulated with murta presented the highest value
in redness, due to the characteristic red color of this fruit. However, the frankfurters
formulated with murta exhibited the lowest redness (a*) values, without significant dif-
ferences between control and murta treatments (p ≥ 0.05). These findings could also be
related to the low content of murta powder added in the sausage formulation. Similarly,
sausages from murta treatment show the lowest b* value, in comparison with control
and synthetic antioxidant treatment. The decrease in b* values attests to greater clarity in
terms of cleanness or clearness [48]. Another possible explanation for the differences in
frankfurter color can be the changes in murta pigments, which can suffer degradation due
to high temperatures during frankfurters manufacturing. The levels of anthocyanins can
explain the different intensity in the fruit color, especially for murta, which is red-rose, in
comparison with other Chilean berries [49].

Regarding L* values, Fernández-López et al. [2] reported that this parameter in meat
products are related to fat and moisture content (mainly due to the water and fat in the
surface of these products affects light reflection) because fat and moisture make the product
lighter colored. In our case, the lightness was related to the moisture content. The control
(T0) treatment, with the lowest fat and highest moisture contents, showed the highest L*
values than the samples from treatments T1 and T2. In the frankfurter formulation, when
reducing the fat content (by using fat replacers), the values of L* and b* decreased and a*
value increased, but when changed the fat level and meat content (myoglobin), several
variations can be found in color [50,51]. However, Purohit et al. [52] indicated that the
incorporation of non-meat ingredients often mitigates differences in color of meat products.
Therefore, the different influences of antioxidant treatment in frankfurter color are due
to the characteristic color of the ingredient used, and also the chemical stability of these
compounds during frankfurter manufacturing processes.
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3.2. Fatty Acid Composition and Cholesterol Content

The total proportion of saturated, monounsaturated and polyunsaturated fatty acids in
the dried murta was 21.72 ± 1.49, 15.58 ± 0.32 and 59.63 ± 0.31 g/100 g of total fatty acids,
respectively. The predominant fatty acids in this fruit were linoleic (C18:2n-6) and oleic acid
(C18:1n-9). López et al. [53] and Cabrera-Barjas [25] also reported that linoleic acid was the
most abundant fatty acid in murta. Moreover, Yang et al. [54] reported that the major fatty
acids in some northern berry were linoleic and linolenic acids. Therefore, the fatty acid
profile observed in the present study was similar to those reported in previous studies.

Table 5 shows the fatty acid composition and cholesterol content of frankfurters of each
treatment. The fatty acids C12:0, C13:0, C15:0, C17:0, C20:3n-6 and C22:6n-3 were excluded
for presented a minor content in all the samples (less 0.05%). In all the treatments, the
principal fatty acids in quantitative terms were oleic acid (C18:1n-9), followed by palmitic
acid (C16:0), stearic acid (C18:0) and linoleic acid (C18:2n-6). The sum of these four fatty
acids represented more than 96% of the total fatty acids identified in all samples. These four
main fatty acid and their contents agree with the results found by Armenteros et al. [1].

Table 5. Fatty acid profile (% FAME) and cholesterol content (mg/100 g) of frankfurters.

Parameter *
Treatments 1

p-Value
T0 T1 T2

Fatty Acids (% of Total FAME)

C14:0 1.42 ± 0.03 a 1.41 ± 0.01 a 1.31 ± 0.01 b 0.000
C16:0 25.86 ± 0.61 25.60 ± 0.02 26.08 ± 0.61 0.275

C16:1n-7 0.99 ± 0.01 b 1.02 ± 0.02 a 0.98 ± 0.03 b 0.022
C17:1n-7 0.11 ± 0.02 0.11 ± 0.001 0.11 ± 0.02 0.960

C18:0 13.32 ± 0.61 a 12.81 ± 0.01 b 12.78 ± 0.04 b 0.031
9t-C18:1 0.31 ± 0.03 ab 0.34 ± 0.004 a 0.28 ± 0.03 b 0.007
C18:1n-9 45.68 ± 1.00 45.99 ± 0.02 45.95 ± 0.61 0.665

9t,11t-C18:2 0.05 ± 0.005 b 0.06 ± 0.005 a 0.04 ± 0.001 b 0.000
C18:2n-6 11.63 ± 0.32 b 11.80 ± 0.12 ab 12.03 ± 0.09 a 0.013
C18:3n-3 0.10 ± 0.005 a 0.05 ± 0.01 b 0.09 ± 0.001 a 0.000

CLA 2 0.32 ± 0.005 ab 0.30 ± 0.02 b 0.33 ± 0.03 a 0.041
C20:3n-3 0.06 ± 0.01 a 0.04 ± 0.01 b 0.06 ± 0.005 a 0.006

Cholesterol 76.33 ± 1.03 b 84.83 ± 1.33 a 77.67 ± 1.02 b 0.000
1 T0: control without antioxidant, T1: chemical antioxidant (Plus Color), T2: natural antioxidant (murta). 2 Sum of
isomers cis-9 trans-11 and trans-9 cis-11 of conjugated linoleic acid. Different letters in the same row indicate
significant differences (p ≤ 0.05; Tukey test); * All parameter values were presented as mean ± standard deviation.

The antioxidant reformulation did not influence the content of oleic and palmitic
acids (p ≥ 0.05), while decrease the stearic acid and increase the linoleic acid amounts
in comparison with control samples. In the saturated fatty acids (SFA), the frankfurter
reformulated with murta also presented the lowest values of the miristic (C14:0) acid.
As aforementioned, the oil of murta are characterized by high amounts of unsaturated
fatty acids, mainly linoleic acid (88.2%) and oleic acid (7.7%) [25], and as expected, the
frankfurters formulated with murta promoted an increase in the linoleic acid content
compared to those found in T0 and T1 (p ≤ 0.05) and reflected the characteristic fatty acid
composition of the type of ingredients used on the frankfurter formulation. In this study, it
was observed higher content of C16:1n-7 and 9t,11t-C18:2 in the frankfurters from chemical
antioxidant treatment than control and murta. However, it is important to highlight that
these fatty acids represent only 2.07% of lipids composition, and also that the variation,
although significant, was minimal (0.01% in 9t,11t-C18:2 and 0.03% in C16:1n-7). In the n-3
polyunsaturated fatty acids (PUFA), control and murta frankfurters presented the highest
content of α-linolenic (C18:3n-3) and cis-11,14,17-eicosatrienoic (C20:3n-3).

On the other hand, various groups of fatty acids are considered of interest by relation-
ship with human health. One of them is trans fatty acids (TFA). Numerous clinical studies
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have confirmed that TFA would be responsible for an increased risk of heart disease more
than any other macronutrient compared on a per-calorie basis [55]. In this study, TFA
levels decrease 20% in frankfurters formulated with murta in comparison with the values
found in treatments without antioxidant (T0) and with chemical antioxidant incorporation
(T1). Moreover, much attention has been directed towards conjugated linoleic acid (CLA)
isomers cis-9 trans-11/trans-9 cis-11 because they show bioactive properties by modulating
inflammation and would be involved in the prevention of cardiovascular disease, diabetes,
obesity and cancer [56]. Regarding this, the incorporation of murta resulted in higher CLA
content in frankfurters compared with the T0 and T1 (p ≤ 0.05). However, once again,
although these differences were significant, the variation was minimal (0.08% in the case of
TFA and 0.03% for CLA).

Therefore, as a general conclusion, as occurs in the proximate composition, the re-
formulation of frankfurters with murta antioxidants causes a minimal effect in the fatty
acid composition. This fact agrees with the results obtained by Armenteros et al. [1], who
reported that neither the addition of the fruit extract nor the addition of antioxidants
additives had a significant impact on the fatty acid profile of frankfurters. In the present
study, both the low oil content of murta powder (1.5%; Table 1) and also the low amount
of this powder added to the frankfurter reformulation (0.53%) resulted in minimal fatty
acids changes and that the typical fatty acid profile of murta oil was not reflected in the
frankfurters. The low changes in the individual fatty acids produced also minimal changes
in the total SFA, monounsaturated fatty acids (MUFA) and PUFA contents (Figure 1). In this
case, no significant differences were observed between samples of the different treatments.
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Figure 1. Fatty acid composition (total SFA, MUFA, and PUFA) of the frankfurters. T0 
(frankfurter prepared without antioxidant), T1 (frankfurter prepared with Plus Color) and 
T2 (frankfurter prepared with murta as antioxidant). Different letters indicate a significant 
difference between treatments (p ≤ 0.05; Tukey test). Error bars correspond to standard error. 
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sented the highest values (84 mg/100 g). Our values agree with those reported by other 
authors in frankfurters and emulsified-cooked sausages [6,57]. However, in other studies, 
the researchers found lower values [58,59], which demonstrate that cholesterol values 
could be very variable between formulations. Although the sausages formulated with 
synthetic antioxidant (T1) presented the highest values, the cholesterol content among 
the three formulations was very similar (only varied about ~7 mg/100 g). In contrast, 
other authors found a significant reduction of sausages cholesterol content due to the 
reduction or replacement of animal fat [57–59]. However, in the present study, the cho-
lesterol values did not show this behavior since the same formulation (except for anti-
oxidants) and the same processes and conditions were used in all cases. 

On the other hand, in order to assess the nutritional quality of fat, different indices 
based on the fatty acid composition are used. Ulbricht and Southgate [60] described 
seven dietary factors that have a direct influence on coronary heart disease (CHD). In this 
regard, saturated fatty acids (SFA) and thrombogenic SFA were described as promoters 
of the development of CHD. On the contrary, MUFA, PUFA of the n-6 (linoleic) acid se-
ries and the n-3 (linolenic) acid series, dietary fiber, and antioxidants are described as 
protective. But not all SFA act in the same way, while stearic acid is considered neutral, 
lauric acid (C12:0), miristic (C14:0), and palmitic acid (C16:0) produce the greatest ath-
erogenic effect [61]. Thus, Ulbricht and Southgate [60] proposed two indices, atherogenic 
(AI) and thrombogenic (TI) indices, which allow for evaluating nutritional quality and 
health implications of fat, and the comparison of different foods considering the content 
of atherogenic SFA. So, high values of AI and TI indicates the poor nutritional quality of 
fat. In this sense, the addition of murta to the frankfurter formulation decreased the 
miristic acid (C14:0), showing the lowest value between treatments. Additionally, ac-
cording to the fatty acids content, the PUFA/SFA, AI and TI index were calculated (Fig-
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Figure 1. Fatty acid composition (total SFA, MUFA, and PUFA) of the frankfurters. T0 (frankfurter prepared without
antioxidant), T1 (frankfurter prepared with Plus Color) and T2 (frankfurter prepared with murta as antioxidant). Different
letters indicate a significant difference between treatments (p ≤ 0.05; Tukey test). Error bars correspond to standard error.

Regarding cholesterol content, murta and control frankfurters showed the same values
(about 77 mg/100 g), while samples formulated with chemical antioxidant presented the
highest values (84 mg/100 g). Our values agree with those reported by other authors
in frankfurters and emulsified-cooked sausages [6,57]. However, in other studies, the
researchers found lower values [58,59], which demonstrate that cholesterol values could
be very variable between formulations. Although the sausages formulated with synthetic
antioxidant (T1) presented the highest values, the cholesterol content among the three
formulations was very similar (only varied about ~7 mg/100 g). In contrast, other authors
found a significant reduction of sausages cholesterol content due to the reduction or
replacement of animal fat [57–59]. However, in the present study, the cholesterol values
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did not show this behavior since the same formulation (except for antioxidants) and the
same processes and conditions were used in all cases.

On the other hand, in order to assess the nutritional quality of fat, different indices
based on the fatty acid composition are used. Ulbricht and Southgate [60] described seven
dietary factors that have a direct influence on coronary heart disease (CHD). In this regard,
saturated fatty acids (SFA) and thrombogenic SFA were described as promoters of the
development of CHD. On the contrary, MUFA, PUFA of the n-6 (linoleic) acid series and the
n-3 (linolenic) acid series, dietary fiber, and antioxidants are described as protective. But
not all SFA act in the same way, while stearic acid is considered neutral, lauric acid (C12:0),
miristic (C14:0), and palmitic acid (C16:0) produce the greatest atherogenic effect [61]. Thus,
Ulbricht and Southgate [60] proposed two indices, atherogenic (AI) and thrombogenic (TI)
indices, which allow for evaluating nutritional quality and health implications of fat, and
the comparison of different foods considering the content of atherogenic SFA. So, high
values of AI and TI indicates the poor nutritional quality of fat. In this sense, the addition
of murta to the frankfurter formulation decreased the miristic acid (C14:0), showing the
lowest value between treatments. Additionally, according to the fatty acids content, the
PUFA/SFA, AI and TI index were calculated (Figure 2).
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Figure 2. Fatty acid ratios and nutritional indices of the frankfurters. T0 (frankfurter pre-
pared without antioxidant), T1 (frankfurter prepared with Plus Color) and T2 (frankfurter 
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Figure 2. Fatty acid ratios and nutritional indices of the frankfurters. T0 (frankfurter prepared without antioxidant), T1
(frankfurter prepared with Plus Color) and T2 (frankfurter prepared with murta as antioxidant). Different letters indicate a
significant difference between treatments (p ≤ 0.05; Tukey test). Error bars correspond to standard error.

One of the principal parameters to assess the nutritional quality of lipid fraction of
foods is the PUFA/SFA ratio, which according to the Nutritional guidelines should be
above 0.4 [46,62]. In our study, the PUFA/SFA ratio was similar among all treatments and
ranged between 0.31–0.32 (p ≥ 0.05) but was lower than 0.4. Our findings are consistent
with the results observed by other authors in conventional meat products [46]. According
to scientific evidence, high n-6/n-3 PUFA ratios promote cardiovascular diseases, whereas
increased n-3 PUFA (a low n-6/n-3 PUFA ratio) exerts a suppressive effect. The recommen-
dation for the n-6/n-3 PUFA ratio and the prevention of cardiovascular disease is to reduce
this ratio to less than 4 [63,64]. In this experiment, the ratio n-6/n-3 was considerably
higher than 4.0 (61.4, 89.8 and 63.9 for T0. T1 and T2, respectively; data not shown). In the
present study, the control and murta frankfurters presented the best n-6/n-3 ratio, while
the samples from chemical antioxidant had the highest values. The low amounts of n-3
fatty acids found in this research determine the high values of this ratio. Also, the lowest
values of n-3 PUFA in the T1 samples make that the frankfurters from this batch presented
the highest n-6/n-3 ratio. Recent studies concluded that the reduction in n-6 and n-6/n-3
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ratio is one of the main challenges for the development of healthier meat products since
meat presented relatively high values of n-6 PUFA and low amounts of n-3 PUFA [64]. This
fact agrees with our results.

Regarding atherogenic (AI) and thrombogenic (TI) indices, no differences (p > 0.05)
were found between the treatments. Therefore, from the nutritional point of view, the
reformulation did not exert any change in the quality of frankfurters· fat. This is expected
since, as commented above, the low amount of fat in murta powder and the low amount
of this powder used in the frankfurter formulation has minimal influence in fatty acids
composition, and thus in their nutritional quality. The AI of the samples ranged from 0.52
to 0.53, while the TI values were between 1.32–1.36. These values agree with those reported
previously by Dominguez et al. [5] (AI: 0.43; TI: 0.95) and Pintado et al. [42] (AI: 0.55; TI:
1.36) in frankfurters and by De Carvalho et al. [65] in cooked lamb sausages (AI: 0.47; TI:
1.18). But not only in frankfurters or cooked sausages, since also similar values of these
indices were reported in dry-cured sausages (AI: 0.42; TI:0.98) [66], burgers (AI: 0.61; TI:
1.06) [67], (AI: 0.42; TI: 0.87), (AI: 0.56; TI: 1.33) [68], (AI: 0.62; TI: 1.33) [69] or pâté (AI: 0.38;
TI: 0.88) [70], (AI: 0.40; TI: 0.89) [71]. Therefore, our values agree with those reported by
other authors in meat products manufactured with animal fat.

3.3. Sensory Evaluation

The sensory traits for the different frankfurter treatments are shown in Figure 3. The
frankfurters reformulation with murta increased the scores of the four attributes evaluated
with significant differences between the rest of the treatments (p ≤ 0.05). Additionally, in
all attributes, no significant differences were observed between control (T0) and samples
formulated with chemical antioxidant (T1). Regarding the odor attribute, its score was in
the range of 6.0 (T1) to 6.8 (T2), flavor scores ranged from 6.0 (T0) to 6.8 (T2) and tenderness
from 6.2 (T0) and 6.9 (T2). Similarly, for overall acceptability, the consumers also indicated
higher scores for the frankfurters of the T2 batch (6.8) in comparison with those reported
for the other two batches (6.3 for T0 and T1 samples).
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mentioned corresponding to frankfurters reformulated with murta. As commented 
above, between control and synthetic antioxidant treatments, the consumers did not find 
significant differences in the attributes evaluated, suggesting that are the usual commer-
cial product. 

Figure 3. Sensory evaluation of frankfurters based on score acceptability (odor, tenderness, flavor and overall acceptability)
of treatments T0 (frankfurter prepared without antioxidant), T1 (frankfurter prepared with Plus Color) and T2 (frankfurter
prepared with murta as antioxidant). Hedonic scale from dislike extremely (1), dislike very much (2), dislike moderately (3),
dislike slightly (4), like slightly (5), like moderately (6), like very much (7) and like extremely (8). Different letters indicate a
significant difference between treatments (p ≤ 0.05). Error bars correspond to standard error (n = 130).

The analysis carried out on the information provided by the consumers allowed us to
differentiate the frankfurters treatments and determine the acceptability and preference
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using the criteria of the consumers through a hedonic scale, in addition to providing rapid
information on the capacity and potential of the frankfurter’s formulations. Thus, according
to the results, it can be concluded that the murta incorporation improves the frankfurters·
sensory properties in comparison with control and with samples reformulated with chemi-
cal antioxidant. This can be explained by the chemical parameters of murta that contribute
to the organoleptic characteristic of frankfurters and exhibits a special and surrounding
aroma, and that the volatile compounds improve the odor and flavor of frankfurters. Murta,
due to organoleptic characteristic, is consumed as a fresh fruit but it is also processed by the
food industry for elaborating juice, jam, canned items, and liquor products [24]. During sen-
sorial analysis, the consumers mentioned that odor and flavor were better in one treatment.
According to the results obtained, the treatment mentioned corresponding to frankfurters
reformulated with murta. As commented above, between control and synthetic antioxidant
treatments, the consumers did not find significant differences in the attributes evaluated,
suggesting that are the usual commercial product.

Additionally, according to the overall acceptability indicated by the consumers, it
can be concluded that the amount of murta added to the frankfurter’s formulation is
appropriate. Some authors have observed in the elaboration of frankfurters with grape
seed extracts added directly, that the incorporation of excessive amounts of plant extracts
may result in unpleasant sensory characteristics in meat products [40]. The addition of
pomace powder in a similar concentration to our study (0.5%) did not change the sensory
characteristic of emulsion-type sausage [48], which agree with our findings. In another
study, the reformulation of frankfurters with vegetable oil (such as olive, grape seed, corn
oil, and canola oil) and rice bran fiber showed similar or higher overall acceptability than
high-fat control [47]. In general, the sensory evaluation of frankfurters of the present study
indicated that all samples were acceptable, but the addition of murta improve the sensory
properties of this meat product.

4. Conclusions

The use of murta powder in the elaboration of meat products can be a strategy to
improve their chemical and organoleptic characteristics. In addition, this type of berries
provides unique sensory characteristics, which are positively valued by consumers. Fur-
thermore, the results of this study would allow to diversify the use of local bioresources and
add value to traditional meat products, such as frankfurters, which represent an important
source of animal protein. As a general conclusion, the use of murta powder as a natural an-
tioxidant in the reformulation of frankfurters had minimal influence on their chemical and
nutritional quality, while producing a significant improvement of sensory quality. Thus,
murta powder is an excellent candidate to avoid the use of synthetic additives in meat
products. However, future studies will allow understanding in detail the antioxidant effect
and the possibility of using murta as an additive to increase the shelf life of frankfurters.
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