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Abstract: In this work, a new and natural food product, stalked barnacle (Pollicipes Pollicipes) pâté
enriched with blackberry, was developed to valorise the rejected stalked barnacle. To evaluate the
addition of blackberry fruits (Rubus ulmifolius Schott.) as a natural preservative on pâté quality,
four pâté sample groups were considered: a negative control without a synthetic additive (CTR), a
positive control with butylated hydroxytoluene (BHT), a group with blackberry extract (blackberry),
and a group with a mixture of BHT and blackberry (blackberry + BHT). In addition, the effect of
pasteurization (80 ◦C for 30 min) versus sterilization (121 ◦C for 30 min) on the pâté quality were
evaluated. The bioactive evaluation expressed by the total phenolic content (TPC) and antiradical
activity by the DPPH radical scavenging associated with oxidative stability determined by thiobarbi-
turic acid reacting substances (TBARS) were performed. The impact of packaging opening followed
by refrigerated storage (4 ± 1 ◦C) simulating the consumer behavior at home, was assessed. All the
heat-treated stalked barnacle pâté samples were found microbially safe with an interesting content of
total phenolic, the highest ones being the CTR and Blackberry + BHT, ranging from 58.79 to 55.38 mg
GAE/100 g. After the package opening of the barnacle pâté sample of Blackberry + BHT, it revealed
a superior inhibition of TBARS (0.46 mg MDA/100 g) after 7 days at refrigerated storage compared
to the other samples. These results state the efficacy of blackberry in minimizing the lipid oxidation
of stalked barnacle pâte. This study showed the potential for rejected stalked barnacle to be valorised
and improve the sustainability of resources.

Keywords: seafood; waste reduction; sustainability; preservation; heat treatment

1. Introduction

The stalked barnacle (Pollicipes pollicipes) is an important economic resource of the
rocky shores of Portugal and Spain [1] and is heavily exploited by both professional and
recreational fishers. In Portugal, P. pollicipes can be found in three protected areas with
specific harvesting legislation, namely, the Berlengas Nature Reserve (also classified as the
Biosphere Reserve of UNESCO), Luiz Saldanha Marine Park, and Sudoeste Alentejano and
Costa Vicentina Nature Park. In the Berlengas Nature Reserve the management plan for
stalked barnacle harvesting, which considers geographical and seasonal limitations, the
limited number of professional licensed fishermen, as well as the minimum size for stalked
barnacle, harvesting bag size limitations and a maximum daily quantity per fisher, lead to
a strict harvesting control of this valuable food source [2]. Additionally, in both countries,
the stalked barnacle can attain high selling prices, ranging from 20 to 200 euros per kg [3].
Regarding the Portuguese legislation, if the half of the total volume of harvested specimens
does not present a ‘nail’ length equal to or greater than 23 mm, defined as the maximum
distance between the outer edge of the rostrum and carina plates of the ‘nail’, these barnacles
should not be commercialized or integrated into the fresh supply chain. These rejected
stalked barnacles result in waste not only for the professional fisherman but, above all, for
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the environment. In this sense, the strategy of valorisation, promoting a circular economy
by the development of a new food product using as the main raw material the rejected
barnacles without the minimal size for commercial purposes, is very promising.

In the process of developing a new food product, the search for natural preservative
ingredients that can act as antioxidant compounds, and food with less or no synthetic
additives while maintaining quality and food safety during storage, is one of the most
important challenges in the food industry [4]. Usually, food with antioxidants achieves
an extended shelf-life by preventing and/or retarding the food quality deterioration, such
as the observation of discoloration by oxidation reactions. The blackberry fruits (Rubus
ulmifolius Schott.) are a known rich source of antioxidants essentially due to the presence of
phenolic compounds such as flavonoids and anthocyanins. These compounds augment
the retardation or prevent oxidative deterioration and prolong the shelf-life period of food
products [5,6].

Therefore, the purpose of the present study was to develop a new seafood product by
using rejected barnacles (with low economic value) and the addition of a natural source
of bioactive compounds, blackberry fruits, contributing to the achievement of a natural
food product—pâté without synthetic additives and with a health benefit to consumers,
thus lowering the environmental impact of this fishing activity. Additionally, the impact of
pasteurization versus sterilization, usually applied in these kinds of products, are herein
compared. Analytical data such as the physical–chemical properties, total phenolic content,
and the antiradical activity expressed by the DPPH scavenging activity, as well the microbial
development and oxidative stability by thiobarbituric acid reactive substances (TBARS)
values of all barnacle pâté samples, were collected. Another main problem that occurred
in stored pâté products, affecting the physical–chemical properties and sensorial quality,
was the development of undesirable compounds such as peroxy radicals and fatty acid
peroxides [7]. A preliminary study using the pasteurized barnacle pâté with blackberry
after package opening and stored for 7 days was also made, and the consumer behavior
was simulated.

2. Materials and Methods
2.1. Raw Materials Used in the Pâté Formulation

The stalked barnacles were harvested in the Berlengas Nature Reserve (Portugal) by
professional fishermen. Upon arrival at the fishing port of Peniche, the barnacles were
screened according to the legal requirements for harvesting [2]. Afterwards, the barnacles
that did not meet the pre-requisites were transported in a refrigerator container (5 ± 1 ◦C)
to the Marine Sciences R&D, Education, and Knowledge Dissemination Centre and were
used for pâté preparation. The remaining ingredients used in the pâté formulation were
locally available in the supermarket (Peniche, Portugal) and included: oil, potato puree,
milk, butter, salt, black pepper, and blackberries.

Process for Obtaining Barnacle Pâté Enriched with Blackberry

The process for obtaining stalked barnacle pâté enriched with blackberry included
three main operations, as shown in Figure 1: firstly, the cooking of the stalked barnacle,
then the pâté preparation, and finally the treatment applied.

Firstly, the stalked barnacle was cooked in boiling water with salt for 1 min, then
cooled to room temperature by immersion on a water/ice bath for 5 min. The non-edible
part of barnacle, nail, and stalk outer layer were removed and the edible part was used for
pâté preparation.

Secondly, the pâté was prepared by mixing the potato puree, the edible barnacle
crushed, and oil in the proportions of 30%, 62%, and 8%, respectively (Table 1).
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Figure 1. The flow diagram of the main steps of processing ((a) cooking of barnacle; (b) preparation
of pâte; (c) heat treatment) of stalked barnacle pâté samples (negative control: CTR, positive control:
BHT, natural enriched: blackberry, mixture of natural and synthetic additive (Blackberry + BHT)).

Table 1. The formulation of stalked barnacle (Pollicipes pollicipes) pâté samples (CTR—without
synthetic additive; BHT—with synthetic additive; blackberry—with blackberry extract and
blackberry + BHT—with synthetic additive and blackberry).

Ingredients CTR (g/100 g) BHT (g/100 g) Blackberry
(g/100 g)

Blackberry + BHT
(g/100 g)

Edible barnacle 62 62 62 62
Potato starch 7 7 7 7

Milk 10 10 10 10
Margarine 1 1 1 1

Black pepper 0.002 0.002 0.002 0.002
Water 12 12 * 12 A 12 A*

Oil 8 8 8 8

The superscripts (A) indicate the presence of 2.5% of blackberry and (*) indicate the synthetic additive BHT at
0.01%, taking in to account the whole mass of the product.

After homogenization of 2.5 g of fruits in 12 mL of water, the aqueous blackberry
solution was added into the mixture. The synthetic additive BHT was also added into the
formulation, according to European legislation [8].

Afterwards, two preservation treatments, pasteurization and sterilization, were per-
formed on the pâté packaged in glass containers (±100 g). Pasteurization was realized in a
water bath (Thermo Scientific, TSSWB15, Porto, Portugal) at 80 ◦C for 30 min, according
to the method previously described in Pinheiro et al. (2020) [9], and sterilization in an
autoclave (Raypa, AES-18, Barcelona, Spain) at 121 ◦C for 30 min. After the heat treatment
step all container samples were placed on an ice/water bath for cooling.

To evaluate the effect of the blackberry addition to the barnacle pâté, four pâté formu-
lations in three different batches were considered: the negative control—without a synthetic
additive (ID: CTR), positive control—with a synthetic additive (ID: BHT), a batch with
blackberry extract (ID: Blackberry), and a batch with a mixture of synthetic and natural
extract (ID: Blackberry + BHT).

Since the shelf-life period is one mandatory and required piece of information in food
labels together with the safe consumption period after package opening while stored at
appropriate conditions, both these properties should be considered to ensure consumer
safety. Thus, we also presented a preliminary study using the pasteurized barnacle pâté en-
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riched with blackberry after package opening that was stored at a refrigerated temperature
(4 ± 1 ◦C) until the analysis days 2, 5, and 7.

2.2. Methods
2.2.1. Evaluation of Quality of Stalked Barnacle Pâté Enriched with Blackberry

Quality parameters such as the pH value, water activity (aw), color, and texture of
stalked barnacle samples were collected at the moment of package opening and at analysis
days 2, 5, and 7 at the refrigerated temperature.

The pH of stalked barnacle pâté samples was measured at room temperature (21 ± 1 ◦C)
using a pH meter (SP70P, SympHony, Radnor, PA, USA). The results were expressed as an
average of three determinations per pâté sample.

The aw of stalked barnacle pâté samples was measured with a portable water activity
analyzer (Rotronic, HP23-AW-A, Bassersdorf, Swiss) and the results were expressed as an
average of three determinations per pâté sample.

The color of stalked barnacle pâté samples was assessed by a tristimulus colorimeter
(Minolta chroma Meter, CR-400, Osaka, Japan) as described in Pinheiro et al. (2020) [9].
Briefly, the instrument was calibrated using a white standard tile (L* = 97.10, a* = 0.19,
b* = 1.95), D65 illuminant, and 2◦ standard observer. The results of the color parameters
(L*a*b*) were expressed as an average of six determinations per pâté sample.

Texture was determined according to the modified method described by Estévez et al.
(2006) [10]. The penetration test was performed using a Texture Analyzer (TA.HDi, Stable
Microsystem Ltd., Godalming, UK), a 5 kg load cell, and a stainless steel cylinder probe
with a 10 mm diameter. The penetration test was performed at a speed of 1.5 mm/s and
penetration distance of 8 mm. Hardness (maximum peak force in gram) and adhesiveness
(g/s) were used as indicators of texture. The texture was measured at room temperature to
avoid storage temperature effects on the analysis. The texture results were expressed as an
average of six determinations per pâté sample.

2.2.2. Evaluation of Total Phenolic Content, Antiradical Activity, and Oxidative Stability of
Stalked Barnacle Pâté Enriched with Blackberry

The total phenolic content (TPC), antiradical activity, and oxidative stability of stalked
barnacle pâté samples were determined at the moment of package opening and at analysis
days 2, 5, and 7 at a refrigerated temperature.

The total phenolic content (TPC) and antiradical activity by the DPPH method (DPPH)
were determined after the preparation/extraction of pâtés samples. Briefly, the extraction
was realized by a mixture of the pâtés samples and ethanol in a ratio of 1:10 (w:v) after
incubation overnight (12–24 h) in refrigerated storage. Then, the extracts were centrifuged
(Eppendorf, 5810R, Hamburg, Germany) at 8000 rpm for 10 min (4 ◦C) and the supernatants
were protected from light until the analysis.

The total phenolic content (TPC) of stalked barnacle pâté samples was determined by
the Folin–Ciocalteu method [11] adapted to a 96-well plate assay: 20 µL of sample/standard
was mixed with 100 µL of diluted Folin–Ciocalteau reagent (1/10, v/v) and after 4 min,
80 µL of a Na2CO3 solution (7.5%, (m/v)) was added. After 2 h at room temperature, the
reaction product was measured at 750 nm using a microplate reader (Synergy H1 Multi-
Mode Micro-plate Reader, BioTek® Instruments, Winooski, VT, USA). Gallic acid was used
to prepare a standard calibration within the concentration range of 0.05 to 2.5 mg/mL.
The TPC was expressed as milligrams of gallic acid equivalents per 100 g of pâté (mg
GAE/100 g) and the average of three measurements per pâté sample are herein reported.

The DPPH scavenging activity was determined according to methodology reported by
Brand-Williams et al. (1995) [12]. Briefly, 50 µL of sample/standard was reacted with 150 µL
of DPPH solution (150 µmol/L) for 30 min in the dark, at room temperature. Subsequently,
the absorbance was measured at 517 nm in a microplate reader (Synergy H1 Multi-Mode
Microplate Reader, BioTek® Instruments, Winooski, VT, USA). The percentage of inhibition
was expressed as the DPPH radical scavenging activity (%RSA).
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Lipid oxidation of the barnacle pâté samples was evaluated according to the method-
ology of thiobarbituric acid reacting substances (TBARS) described in Rosmini et al.
(1996) [13] at the moment of package opening and at analysis days 2, 5, and 7 of the
refrigerated temperature storage. Briefly, 15 g of each pâté sample was homogenized with
a solution of trichloroacetic acid at 7.5%, propyl gallate and ethylenediamine tetra acetic
acid (EDTA) and then filtrated by Whatman no. 4 filter paper. Then 5 mL of TBA was
added to the filtrate, vortexed, and incubated in a boiling water bath at 100 ◦C for 40 min.
After cooling, the absorbance was measured at 530 nm (BioTek Instruments, Winooski, VT,
USA). The standard curve was prepared using a 1,1,3,3-tetraethoxypropane (TEP) solution
and the results were expressed as mg of malondialdehyde (MDA) per kg of barnacle pâté,
resulting in an average of three determinations per each pâté sample.

2.2.3. Evaluation of the Microbial Load of Stalked Barnacle Pâté Enriched with Blackberry

The microbiological assessment of all stalked barnacle pâté samples was determined
by total viable mesophilic, psychotropic, and Enterobacteriaceae determination. Briefly,
twenty-five grams of sample and 225 mL of peptone water were transferred into sterile
stomacher filter bags and homogenized in a stomacher (Interscience, St Nom, France) for
10 min. Afterwards, a ten-fold dilution series was prepared and plates containing the
agar medium were inoculated. The total viable mesophilic counts [14] were determined
using plate count agar (PCA) and incubated at 30 ◦C for 72 h. The methodology for the
psychotropic count [15] was similar to the total viable mesophilic counts, varying the
temperature and the incubation time, 5 ◦C and 96 h, respectively. In Enterobacteriacea
determination [16] about 2 mL of each successive dilution was transferred to Petri dishes
with a VRBG medium at 44–47 ◦C, in duplicates. Then the plates were incubated at
37 ◦C for 24 ± 2 h and the colonies were counted from two successive dilutions, with
between 15 and a maximum of 150 colonies and the results were expressed as the number
of colonies forming units (CFU.g−1). The obtained microbiological results were analyzed
according to the European regulation [17] and the microbiological criteria for food products
were considered.

2.2.4. Evaluation of the Nutritional Composition of Stalked Barnacle Pâté Enriched
with Blackberry

The nutritional composition (moisture, protein, fat, carbohydrates, ash, and fiber) of
barnacle pâté samples enriched with blackberry was determined following the AOAC
methods [18].

The moisture content of pâté samples was determined by drying the homogenized
sample in an oven (Binder, Bohemia, NY, USA) at 105 ◦C to a constant weight. The moisture
was calculated as follows:

Moisture (%) =

(
wet weight − dry weight

wet weight

)
× 100 (1)

The crude protein was performed by the Kjeldahl method (N × 6.25). Briefly, 1 g of
sample was digested in Kjeldahl digestion flasks with 20 mL of concentrated sulphuric
acid and 15 g of Kjeldahl catalyst. The digestion flask was heated at 380 ◦C for 45 min
in a Kjeldahl digester (FOSS, Hillerod, Denmark). The flask was allowed to cool at room
temperature and the distillation was carried out in a Büchi Distillation Unit (mod. B-324)
(Büchi, New Castle, DE, USA) and 0.1 N HCl standard solution was used as the titration
acid. Fat was determined by extracting 5 g of the sample with petroleum ether using a
Soxhlet apparatus (Behr, Labor Technik, Düsseldorf, Germany), ash content was determined
by incineration at 600 ± 15 ◦C, and carbohydrates were calculated by the difference as is
next shown:

Carbohydrates (%) =100 − (g moisture + g protein + g fat + g ash) (2)
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The total energy was calculated using the following equation:

Energy (kcal) =4 × (g protein + g carbohydrate) + 9 × (g fat) (3)

Moreover, the crude fiber was determined by acid and basic digestion of 1 g of defatted
sample where samples were first added to 150 mL of sulfuric acid (1.25%), then were stirred,
boiled for 30 min, and then filtered with Whatman n.◦ 4. Sequentially the basic digestion
was realized, with the same solvent proportions, using the sodium hydroxide (1.25%). The
residue thus obtained was dried at 105 ◦C for 8 h until a constant weight and ashed in a
muffle at 550 ◦C for 5 h, then cooled and weighted. The difference between the ash weight
subtracted from the weight of the insoluble matter was expressed as a crude fiber percent
using the original weight content.

2.3. Statistical Analysis

Analysis of variance (two-way ANOVA) was performed to assess the significance
(p < 0.05, Tukey test) of the heat treatment (sterilization or pasteurization) on quality,
bioactive composition, and microbial load of barnacle pâté samples (negative—CTR and
positive—BHT control, blackberry, and a mixture of BHT and blackberry). Pearson’s
correlation test was conducted to determine the linear relationships between the variables.
All the obtained data were presented as an average ± standard deviation. The statistical
analysis was performed using the Statistica version 8.0 software (Statsoft Inc., Tulsa, OK,
USA) [19].

3. Results and Discussion
3.1. Quality of Stalked Barnacle Pâté Enriched with Blackberry

Preservation treatments, such as pasteurization and sterilization, are useful for ex-
tending the shelf-life of food, however, the quality attributes of food, such as texture and
color, can be affected negatively by these heat treatments leading to an unpleasant sensorial
perception in consumers [20].

The impacts of heat treatment on the pH value, water activity (aw), and texture of the
stalked barnacle pâté samples are reported in Table 2.

Table 2. The pH, aw, and texture [Hardness (g), adhesiveness (g/s)] of stalked barnacle pâté samples
(CTR, BHT, Blackberry, Blackberry + BHT) after heat treatment.

Heat Treatment Pâté Sample pH aw Hardness (g) Adhesiveness
(g/s)

Pasteurization

CTR 6.58 ± 0.00 d 0.98 ± 0.00 a 35.92 ± 2.10 a −36.40 ± 11.91 a

BHT 6.62 ± 0.01 e 0.99 ± 0.00 a 33.04 ± 1.42 a,d,e −39.06 ± 5.20 a

Blackberry 6.49 ± 0.00 a 0.98 ± 0.00 a 34.80 ± 1.53 a −34.92 ± 5.23 a

Blackberry + BHT 6.45 ± 0.01 c 0.99 ± 0.00 a 34.09 ± 1.44 a,e −49.25 ± 22.00 a

Sterilization

CTR 6.48 ± 0.00 a 0.99 ± 0.00 a 27.48 ± 1.62 b,c −40.21 ± 9.92 a

BHT 6.30 ± 0.01 b 0.98 ± 0.00 a 29.25 ± 2.36 b,c,d −35.84 ± 12.91 a

Blackberry 6.47 ± 0.00 a 0.98 ± 0.00 a 29.96 ± 3.75 c,d,e −38.47 ±18.19 a

Blackberry + BHT 6.28 ± 0.00 b 0.99 ± 0.00 a 25.43 ± 2.49 b −41.12 ± 15.71 a

Values are presented as mean ± standard deviation. In the same column, different letters indicate significant
differences between pâté samples (p-value < 0.05, Tukey test).

In pasteurized samples, the negative (CTR) and positive (BHT) controls of the barnacle
pâté revealed the highest and the most significant (p < 0.05, Tukey test) pH value com-
pared to the sample enriched with blackberry and combined with the synthetic additive
(Blackberry + BHT). This difference can be an efficiency indicator of adding blackberry
extract to barnacle pâté to achieve a shelf-life extension, since products with a lower pH
value present the highest probability of an extended shelf-life [21]. Concordantly, after
sterilization, a significant (p < 0.05, Tukey test) reduction in the pH value was found both
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in the control pâté samples (CTR and BHT) and the enriched pâté samples (blackberry and
blackberry + BHT). In the pasteurized and sterilized enriched pâté sample (blackberry), a
similar pH value (p > 0.05, Tukey test) was obtained that guarantees the product quality.
In a study reported by Munekata et al. (2017) [22], the pH value of pork liver pâté was
not significantly different (p > 0.05, Tukey test) after enrichment with a natural antioxidant
such as beer residue, chestnut leaves, and peanut skin.

Considering the food quality, the water activity (aw) is another important attribute that
indicates the behavior and susceptibility of the pâté to decay [23]. Despite no significant
difference (p > 0.05, Tukey test) among the aw in all heat-treated pâté samples, the lowest
value of 0.98 was found in the blackberry heat-treated pâté.

Texture is one of the physical properties used by consumers to assess the food quality
especially in pâté products, which are an example of how this attribute can influence the
quality of perception and acceptability [24]. By observation of the texture parameters
obtained in heat-treated samples, a non-significant difference (p > 0.05, Tukey test) was
achieved in the adhesiveness of barnacle pâté. A hardness reduction in all four barnacle
pâté samples subject to sterilization, due the action of the highest temperature compared to
pasteurization, was observed. However, the hardness of the sterilized sample of enriched
barnacle was significantly (p < 0.05, Tukey test) highest when compared to the negative
control, 29.96 ± 3.75 and 27.48 ± 1.62, respectively. The persistence of the stalked barnacle
pâté texture could be the result of the internal structure of starch and protein and the heat
treatment applied in the processing technology as referenced by Rezler et al. (2021) [25] in
pork liver by the substitution of fat with modified starch.

The color of the heat-treated barnacle pâté samples was significantly affected (p < 0.05,
Tukey test) as can been observed by the luminosity and a* color values, seen in Figure 2A,B,
respectively.
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stalked barnacle pâté samples (CTR—negative control, BHT—positive control, blackberry, and
blackberry + BHT). The error lines indicate standard deviation and different letters express the
significant change between barnacle pâté samples (p-value < 0.05; Tukey test).

Both heat treatments applied, contributed to color changes in the control (CTR and
BHT), and enriched (blackberry and blackberry + BHT) barnacle pâté samples. As observed
in Figure 2, the pasteurized pâté samples revealed the highest value in the luminosity but
with no significant difference (p > 0.05, Tukey test) between them. The higher luminosity
value in pasteurized pâté samples shows that the product became lighter/less dark when
compared to the sterilized pâté samples. This behavior agrees with the performance of the
redness factor represented by a* color values. In a study reported by Dutra et al. (2013) [26],
the cooked ham-type pâté produced with sheep meat, where the luminosity of the samples
decreased and a* value increased, exhibited a dark and red color. The study developed
by Ganhão et al. (2010) [27] in pork burger enriched with several fruits’ extract such as
Rubus ulmifolius, stated that the augment in the redness was due to the richness of the red
fruit color. This augment can contribute to a pleasant pâté color. Barnacle pâté enriched
with blackberry (blackberry) and BHT (blackberry + BHT) displayed the lowest value of
luminosity when compared to the negative control (CTR). This difference can be associated
with the blackberry addition and its rich content of compounds such as anthocyanin [28,29].
In this study, the synthetic additive was introduced to obtain whiteness, expressed by the
highest value of luminosity, especially in pasteurized samples. However, in sterilized pâté
samples a significant difference was observed between BHT samples and both enriched
pâté samples (p < 0.05, Tukey test).

3.2. Phenolic Content, Antiradical Activity, and Oxidative Stability of Stalked Barnacle Pâté

One of the main goals of adding blackberry in barnacle pâté is the enrichment of
the pâte in essential and beneficial compounds, such as the phenolic compounds, in a
processed food product [22,30]. The phenolic content in stalked barnacle pâté samples after
pasteurization and sterilization can be observed in Figure 3.
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barnacle pâté samples (p-value < 0.05; Tukey test).

The obtained phenolic content in pasteurized pâté samples was in the range of 58.78
to 49.56 mg GAE/100 g on CTR and blackberry, respectively, and in sterilized pâté samples
from 51.52 and 45.60 mg GAE/100 g1 on CTR and BHT, respectively. In both heat-treated
samples, the negative control revealed the highest phenolic content, decreasing after the
addition of the synthetic and natural additives. The decrease in phenolic content did
not represent a significant difference between the sterilized samples and when both were
combined (blackberry + BHT). However, and despite the slight difference in phenolic
content between both heat-treated pâté samples, a reduction in these valuable compounds
was observed when the products were subjected to heat treatment at a higher temperature,
such as in the sterilization process [31]. Comparing both heat-treated stalked barnacle
pâtés enriched with blackberry, a non-significant (p > 0.05, Tukey test) change in the
phenolic content was observed. This fact can be associated with the protective effect
associated with the rich phenolic content of blackberry fruits. In studies reported by
Acosta-Montoya et al. (2010) [32] and Schulz et al. (2019) [33] the rich phenolic content
of blackberries was reported, meaning that these extracts can be used as a natural and
antiradical potential ingredient to new food formulations as a functional food ingredient.

Due to consumers’ demand for natural food without or with a significant low content
of synthetic additives while maintaining an extended shelf-life, the need for strategies to
address and evaluate these demands are mandatory. The evaluation of the antioxidant
capacity of foods has been essential to assess and predict, not only a food product shelf-life,
but also the health benefits associated with the consumption of these new food products,
such as cardiovascular disease prevention and others [34]. Antiradical activity expressed
by the DPPH scavenging radical capacity can be observed in Figure 4.

Despite the similar values in the inhibition of radical activity in both groups of heat-
treated barnacle pâtés, the blackberry samples presented the highest value in the pasteur-
ized (44.35%) and sterilized (44.85%) groups, followed the blackberry + BHT, BHT, and
CTR samples. The barnacle pâté samples subjected to pasteurization, with the exception
of the CTR sample, showed an increase in the antiradical activity expressed by the DPPH
scavenging activity observed when compared to the sterilized samples. Munekata et al.
(2017) [22] studied the impact of beer, chestnut leaves, and peanut skin extracts in liver pork
pâté and no significant difference between lipid stability was found between all samples,
despite the phenolic content and antioxidant capacity expressed in natural extracts reported
in previous studies [7].
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The influence of the heat treatment on lipid oxidation of barnacle pâté samples can be
observed in Figure 5.

Sustainability 2023, 15, x FOR PEER REVIEW 13 of 20 
 

 

Figure 5. Thiobarbituric acid reacting substances (TBARS, mg MAD/kg) of pasteurized ( ) and 

sterilized ( ) stalked barnacle pâté samples (CTR—negative control, BHT—positive control, 

blackberry, and blackberry + BHT). Error lines indicate the standard deviation and different letters 

express the significant change between barnacle pâté samples (p-value < 0.05; Tukey test). 

Regarding the obtained values of the thiobarbituric acid reactive substances (TBARS) 

between the heat-treated sample groups, an increase was observed in the sterilized bar-

nacle pâtés, ranging from 0.64 to 0.79 mg MAD/kg. In the pasteurized barnacle pâté sam-

ples, the range value of TBARS was lower, between 0.42 and 0.51 mg MAD/kg. Factors 

such as more processed products, elevated fat contents, and a low concentration of natural 

antioxidants have been defined as promoters of lipid oxidation in processed foods such 

as pâté [35,36]. The highest value of TBARS found in sterilized barnacle pâté samples has 

been previously reported by Ganhão et al. (2013) [37]. In this study, the addition of natural 

extracts from Arbutus unedo L., Crataegus monogyna L., Rosa canina L., and Rubus ulmifolius 

Schott were evaluated regarding the inhibition of lipid oxidation in raw, cooked, and 

cooked and chilled (2 °C/12 days) porcine burger patties and after cooking, an augment 

of 41% of TBARS was observed in control samples. 

3.3. Microbiological Quality of Stalked Barnacle Pâté Enriched with Blackberry 

Following the guidelines of the European legislation [38] and guide values estab-

lished by the Portuguese National entity (Doctor Ricardo Jorge National Health Insti-

tute—INSA) [39] on the microbiological quality criteria for pâté products, the results of 

the total viable mesophilic, psychrotrophic, and Enterobacteriacea were satisfactory, since 

in all the heat-treated pâté sample groups the obtained results were less than 106 CFU/g 

in both and not detected in 10 g, respectively (Table 3). The microbial behavior in the heat-

treated pâté samples was expected since the temperature raise both in pasteurized and 

sterilized pâté products usually leads to an inhibition in the microorganism’s growth [9]. 

  

Figure 5. Thiobarbituric acid reacting substances (TBARS, mg MAD/kg) of pasteurized (

Sustainability 2023, 15, x FOR PEER REVIEW 10 of 20 
 

 
(B) 

Figure 2. Luminosity (A) and a* color parameters (B) of pasteurized ( ) and sterilized ( ) 

stalked barnacle pâté samples (CTR—negative control, BHT—positive control, blackberry, and 

blackberry + BHT). The error lines indicate standard deviation and different letters express the sig-

nificant change between barnacle pâté samples (p-value < 0.05; Tukey test). 

Both heat treatments applied, contributed to color changes in the control (CTR and 

BHT), and enriched (blackberry and blackberry + BHT) barnacle pâté samples. As ob-

served in Figure 2, the pasteurized pâté samples revealed the highest value in the lumi-

nosity but with no significant difference (p > 0.05, Tukey test) between them. The higher 

luminosity value in pasteurized pâté samples shows that the product became lighter/less 

dark when compared to the sterilized pâté samples. This behavior agrees with the perfor-

mance of the redness factor represented by a* color values. In a study reported by Dutra 

et al. (2013) [26], the cooked ham-type pâté produced with sheep meat, where the lumi-

nosity of the samples decreased and a* value increased, exhibited a dark and red color. 

The study developed by Ganhão et al. (2010) [27] in pork burger enriched with several 

fruits’ extract such as Rubus ulmifolius, stated that the augment in the redness was due to 

the richness of the red fruit color. This augment can contribute to a pleasant pâté color. 

Barnacle pâté enriched with blackberry (blackberry) and BHT (blackberry + BHT) dis-

played the lowest value of luminosity when compared to the negative control (CTR). This 

difference can be associated with the blackberry addition and its rich content of com-

pounds such as anthocyanin [28,29]. In this study, the synthetic additive was introduced 

to obtain whiteness, expressed by the highest value of luminosity, especially in pasteur-

ized samples. However, in sterilized pâté samples a significant difference was observed 

between BHT samples and both enriched pâté samples (p < 0.05, Tukey test). 

3.2. Phenolic Content, Antiradical Activity, and Oxidative Stability of Stalked Barnacle Pâté 

One of the main goals of adding blackberry in barnacle pâté is the enrichment of the 

pâte in essential and beneficial compounds, such as the phenolic compounds, in a pro-

cessed food product [22,30]. The phenolic content in stalked barnacle pâté samples after 

pasteurization and sterilization can be observed in Figure 3. 

) and
sterilized (

Sustainability 2023, 15, x FOR PEER REVIEW 10 of 20 
 

 
(B) 

Figure 2. Luminosity (A) and a* color parameters (B) of pasteurized ( ) and sterilized ( ) 

stalked barnacle pâté samples (CTR—negative control, BHT—positive control, blackberry, and 

blackberry + BHT). The error lines indicate standard deviation and different letters express the sig-

nificant change between barnacle pâté samples (p-value < 0.05; Tukey test). 

Both heat treatments applied, contributed to color changes in the control (CTR and 

BHT), and enriched (blackberry and blackberry + BHT) barnacle pâté samples. As ob-

served in Figure 2, the pasteurized pâté samples revealed the highest value in the lumi-

nosity but with no significant difference (p > 0.05, Tukey test) between them. The higher 

luminosity value in pasteurized pâté samples shows that the product became lighter/less 

dark when compared to the sterilized pâté samples. This behavior agrees with the perfor-

mance of the redness factor represented by a* color values. In a study reported by Dutra 

et al. (2013) [26], the cooked ham-type pâté produced with sheep meat, where the lumi-

nosity of the samples decreased and a* value increased, exhibited a dark and red color. 

The study developed by Ganhão et al. (2010) [27] in pork burger enriched with several 

fruits’ extract such as Rubus ulmifolius, stated that the augment in the redness was due to 

the richness of the red fruit color. This augment can contribute to a pleasant pâté color. 

Barnacle pâté enriched with blackberry (blackberry) and BHT (blackberry + BHT) dis-

played the lowest value of luminosity when compared to the negative control (CTR). This 

difference can be associated with the blackberry addition and its rich content of com-

pounds such as anthocyanin [28,29]. In this study, the synthetic additive was introduced 

to obtain whiteness, expressed by the highest value of luminosity, especially in pasteur-

ized samples. However, in sterilized pâté samples a significant difference was observed 

between BHT samples and both enriched pâté samples (p < 0.05, Tukey test). 

3.2. Phenolic Content, Antiradical Activity, and Oxidative Stability of Stalked Barnacle Pâté 

One of the main goals of adding blackberry in barnacle pâté is the enrichment of the 

pâte in essential and beneficial compounds, such as the phenolic compounds, in a pro-

cessed food product [22,30]. The phenolic content in stalked barnacle pâté samples after 

pasteurization and sterilization can be observed in Figure 3. 
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the significant change between barnacle pâté samples (p-value < 0.05; Tukey test).

Regarding the obtained values of the thiobarbituric acid reactive substances (TBARS)
between the heat-treated sample groups, an increase was observed in the sterilized barnacle
pâtés, ranging from 0.64 to 0.79 mg MAD/kg. In the pasteurized barnacle pâté samples, the
range value of TBARS was lower, between 0.42 and 0.51 mg MAD/kg. Factors such as more
processed products, elevated fat contents, and a low concentration of natural antioxidants
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have been defined as promoters of lipid oxidation in processed foods such as pâté [35,36].
The highest value of TBARS found in sterilized barnacle pâté samples has been previously
reported by Ganhão et al. (2013) [37]. In this study, the addition of natural extracts from
Arbutus unedo L., Crataegus monogyna L., Rosa canina L., and Rubus ulmifolius Schott were
evaluated regarding the inhibition of lipid oxidation in raw, cooked, and cooked and chilled
(2 ◦C/12 days) porcine burger patties and after cooking, an augment of 41% of TBARS was
observed in control samples.

3.3. Microbiological Quality of Stalked Barnacle Pâté Enriched with Blackberry

Following the guidelines of the European legislation [38] and guide values estab-
lished by the Portuguese National entity (Doctor Ricardo Jorge National Health Institute—
INSA) [39] on the microbiological quality criteria for pâté products, the results of the total
viable mesophilic, psychrotrophic, and Enterobacteriacea were satisfactory, since in all the
heat-treated pâté sample groups the obtained results were less than 106 CFU/g in both and
not detected in 10 g, respectively (Table 3). The microbial behavior in the heat-treated pâté
samples was expected since the temperature raise both in pasteurized and sterilized pâté
products usually leads to an inhibition in the microorganism’s growth [9].

Table 3. The microbiological quality (Log cfu/g) of stalked barnacle pâté samples (CTR, BHT,
blackberry, and blackberry + BHT) after the heat treatment.

Heat Treatment Pâté Samples Total Viable
Mesophilic Counts Psychrotrophic Enterobacteriacea

Pasteurization CTR 0.0 ± 0.0 0.0 ± 0.0 N.D.
BHT 0.0 ± 0.0 0.0 ± 0.0 N.D.

Blackberry 0.0 ± 0.0 0.0 ± 0.0 N.D.
Blackberry + BHT 2.1 ± 0.0 0.0 ± 0.0 N.D.

Sterilization CTR 0.0 ± 0.0 0.0 ± 0.0 N.D.
BHT 0.0 ± 0.0 0.0 ± 0.0 N.D.

Blackberry 0.0 ± 0.0 0.0 ± 0.0 N.D.
Blackberry + BHT 0.0 ± 0.0 0.0 ± 0.0 N.D.

N.D.—Not detected.

Regarding the microbiological hazards of this processed food, both the hygiene stan-
dards of the operator and tools of the processing are essential, especially when combined
with adequate maintenance to prevent cross-contamination. However, pathogenic microor-
ganisms such as Listeria and Salmonella should be evaluated in future studies to obtain a
safe product with a significantly improved shelf-life.

3.4. Evaluation of Stalked Barnacle Pâté after Package Opening and Stored at a
Refrigerated Temperature

The combination of stalked barnacle and blackberry herein proposed resulted in a
natural enrichment in the pâté presenting an interesting nutritional value without compro-
mising the final quality of the processed product (Table 4).

Table 4. The nutritional composition of pasteurized stalked barnacle pâté enriched with blackberry.

Nutritional Composition Barnacle Pâté Enriched with Blackberry

Moisture (%) 71.9 ± 0.2
Fat (%) 11.5 ± 0.3

Protein (%) 9.0 ± 0.2
Carbohydrate (%) 3.8 ± 0.1

Ash 1.99 ± 0.01
Energy value (kcal/100 g) 155.0 ± 0.3

Values are presented as mean ± standard deviation.
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The presented findings are in concordance with another study of an innovative prod-
uct where the potential of Arbutus unedo as a natural additive in limpet’s pâté was studied,
resulting in a product with an important nutritional composition and bioactive composi-
tion [9] when compared to other pâté types. In a study developed by Andronikov et al.
(2017) [40], the relative composition of three different pâté products, made of pork, beef,
and a combination of vegetables, was investigated. In this study and due to the main
raw materials used in the pâté formulation, a significant change in the protein, fat, and
carbohydrates was observed, reaching a higher energy value when compared to the known
barnacle pâtés.

Table 5 summarizes the impact of the opening of the packaging and consequent
refrigerated storage (at 4–5 ◦C) on the physical–chemical properties, antiradical activity,
and oxidative stability of pasteurized pâté samples.

Table 5. The impact of opening the packaging followed by refrigerated storage for 7 days of pasteur-
ized stalked barnacle pâté (CTR, BHT, blackberry, blackberry + BHT).

Quality Attribute Pâté Sample
Storage Period (Days)

0 * 2 5 7

pH

CTR 6.58 ± 0.00 de 6.73 ± 0.00 g 6.75 ± 0.00 gh 6.76 ± 0.00 hi

BHT 6.62 ± 0.01 e 6.60 ± 0.00 f 6.56 ± 0.00 dc 6.58 ± 0.01 de

Blackberry 6.49 ± 0.00 b 6.74 ± 0.00 g 6.73 ± 0.00 g 6.78 ± 0.01 i

Blackberry + BHT 6.45 ± 0.01 a 6.55 ± 0.00 c 6.58 ± 0.00 de 6.56 ± 0.01 cd

aw

CTR 0.98 ± 0.00 defg 0.98 ± 0.00 a 0.98 ± 0.00 a 0.98 ± 0.00 bcd

BHT 0.99 ± 0.00 gh 0.99 ± 0.00 fgh 0.98 ± 0.00 ab 0.98 ± 0.00 abc

Blackberry 0.98 ± 0.00 def 0.99 ± 0.00 h 0.98 ± 0.00 ab 0.98 ± 0.00 cde

Blackberry + BHT 0.99 ± 0.00 efgh 0.98 ± 0.00 bcd 0.97 ± 0.00 a 0.98 ± 0.00 bcd

L* color

CTR 52.30 ± 0.34 bcd 53.29 ± 0.34 cde 53.26 ± 0.87 cde 53.79 ± 0.27 e

BHT 52.21 ± 0.34 abcd 53.39 ± 0.62 cde 52.31 ± 0.61 bcd 53.57 ± 0.57 de

Blackberry 52.13 ± 0.43 abc 51.58 ± 0.35 ab 50.83 ± 0.70 a 52.55 ± 0.36 bcde

Blackberry + BHT 53.54 ± 0.34 de 51.57 ± 1.28 ab 51.73 ± 0.97 ab 52.81 ± 0.53 bcde

a* color

CTR 7.09 ± 0.18 cd 7.30 ± 0.16 d 7.17 ± 0.08 cd 6.93 ± 0.18 abcd

BHT 7.12 ± 0.19 cd 7.02 ± 0.19 bcd 7.08 ± 0.14 cd 7.01 ± 0.16 bcd

Blackberry 6.74 ± 0.24 abc 6.70 ± 0.31 abc 6.88 ± 0.21 abcd 6.82 ± 0.18 abcd

Blackberry + BHT 6.97 ± 0.23 bcd 6.47 ± 0.41 a 6.70 ± 0.25 abc 6.58 ± 0.14 ab

b* color

CTR 6.51 ± 0.22 abcdef 7.14 ± 0.25 f 6.54 ± 0.30 bcdef 6.60 ± 0.23 cdef

BHT 6.69 ± 0.19 cdef 7.08 ± 0.41 ef 6.57 ± 0.30 bcdef 6.55 ± 0.21 bcdef

Blackberry 6.01 ± 0.23 abc 6.39 ± 0.47 abcde 5.81 ± 0.34 a 6.10 ± 0.23 abc

Blackberry + BHT 6.86 ± 0.29 def 6.25 ± 0.59 abcd 5.85 ± 0.42 ab 5.99 ± 0.27 abc

◦hue

CTR 42.58 ± 0.44 bcdef 44.35 ± 0.85 efg 42.35 ± 1.31 bcde 43.61 ± 0.50 cdefg

BHT 43.22 ± 0.36 cdefg 45.20 ± 1.07 g 42.83 ± 0.87 bcdef 43.03 ± 1.05 bcdef

Blackberry 41.72 ± 0.50 abc 43.61 ± 0.97 cdefg 40.14 ± 1.21 a 41.78 ± 0.70 abc

Blackberry + BHT 44.53 ± 0.63 fg 43.91 ± 1.14 defg 41.09 ± 1.19 ab 42.31 ± 0.85 bcd
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Table 5. Cont.

Quality Attribute Pâté Sample
Storage Period (Days)

0 * 2 5 7

Hardness (g)

CTR 35.92 ± 1.44 abcd 35.77 ± 1.39 def 34.24 ± 1.25 bcdef 39.70 ± 1.17 f

BHT 34.80 ± 1.53 a 36.81 ± 1.84 abcd 37.16 ± 3.23 abcd 41.86 ± 3.44 f

Blackberry 33.04 ± 1.42 abc 35.47 ± 0.53 abcd 35.70 ± 1.99 abcde 42.86 ± 2.15 ef

Blackberry + BHT 35.92 ± 2.10 ab 40.32 ± 3.16 abc 38.35 ± 2.18 abc 42.11 ± 2.42 cdef

TPC (mg/100 g)

CTR 58.79 ± 3.80 cd 55.30 ± 2.54 abc 62.60 ± 4.21 b 60.79 ± 4.56 cd

BHT 51.07 ± 1.89 ab 54.22 ± 2.60 abc 56.21 ± 1.61 bc 54.66 ± 6.48 abc

Blackberry 49.56 ± 3.18 a 58.14 ± 4.00 cd 56.99 ± 2.52 bcd 56.05 ± 3.93 bc

Blackberry + BHT 55.38 ± 1.39 abc 58.91± 4.42 cd 59.04 ± 1.09 cd 55.21 ± 6.23 abc

DPPH (%)

CTR 37.69 ± 2.67 a 42.26 ± 0.69 bd 41.58 ± 1.42 cde 44.23 ± 0.89 cefg

BHT 42.93 ± 0.58 bcdef 44.93 ± 0.89 gh 42.52 ± 0.85 bcd 44.79 ± 0.97 gh

Blackberry 44.35 ± 0.70 cdefg 46.09 ± 0.73 h 43.54 ± 0.46 bcdefg 44.67 ± 0.91 fgh

Blackberry + BHT 44.19 ± 0.49 cefg 45.07 ± 0.90 gh 42.79 ± 0.67 bcde 44.41 ± 0.83 efgh

TBARS (mg
MDA/kg)

CTR 0.45 ± 0.06 abc 0.49 ± 0.06 bcd 0.42 ± 0.03 a 0.43 ± 0.04 ab

BHT 0.42 ± 0.02 ab 0.45 ± 0.07 abcd 0.46 ± 0.03 abcd 0.48 ± 0.05 abcd

Blackberry 0.51 ± 0.04 d 0.50 ± 0.02 cd 0.48 ± 0.03 abcd 0.48 ± 0.03 abcd

Blackberry + BHT 0.48 ± 0.03 bcd 0.47 ± 0.04 abcd 0.43 ± 0.02 ab 0.46 ± 0.06 abcd

Values represent the mean ± standard deviation. (*) The storage day of 0 corresponds to the moment of package
opening and then it was stored in refrigerated storage until the analysis days 2, 5, and 7. Different letters in
the same column, for each quality attributes, express the significant change between the barnacle pâté samples
(p-value < 0.05; Tukey test).

In all pâté samples a significant difference (p < 0.05, Tukey test) in the pH value was
encountered immediately after the opening of the package. Comparing the pH of all studied
samples, the highest and lowest value was observed in the BHT and blackberry + BHT
of pâté with 6.62 and 6.45, respectively. Based on the pH range mentioned by Jay et al.
(2005) [41], as the optimum pH range is 6.6 to 7.5 for microbial development, our pâté
samples had the adequate value to ensure quality and preservation safety. At the end of
the storage, the pâté sample with the addition of synthetic additive maintained the pH
value and the sample with the mixture of natural and synthetic additive varied from 6.62 to
6.58 and 6.45 to 6.56, respectively. The pH value of barnacle pâté samples changed during
storage after package opening, as previously described in other pâté studies, such as those
done on liver pork pâté formulation enriched with natural antioxidants [22] and on pig
liver pâtés with the addition of tea, chestnut, and grape seed extracts [42]. On the other
hand, the water activity (aw) of the pâté samples did not significantly change (p > 0.05)
between the initial pâté formulation and the storage period observed. Considering the
color and texture, two quality attributes that consumers usually appreciate when tasting
the pâté product, only the second changed during storage, reaching the end of storage as
a less soft product. Despite the observed increase in the pâté texture, the spreadability
properties remained. Similar textural behavior has been observed in other pâté products
such as those studied by Kambarova et al. (2021) [43] in turkey pâté supplemented with a
plant-based protein (rice, oat, or corn).

Comparing the antiradical activity expressed by the DPPH radical scavenging activity
of negative CTR, a non-significant (p > 0.05, Tukey test) increase was obtained in the
positive CTR sample, in blackberry alone, and in blackberry combined with BHT. In
addition, a similar behavior of antiradical activity was observed between the blackberry
alone and the combined blackberry and BHT pâté samples, indicating an advantage for the
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product preservation by using this ingredient as a natural source of antiradical/antioxidant
compounds. Regarding the difference between the initial and final antiradical activities of
the barnacle pâté samples, the significantly highest differences (p < 0.05, Tukey test) were
observed in CTR and BHT and the lowest (p > 0.05, Tukey test) differences were found in
blackberry and blackberry + BHT.

These differences between the pâté samples demonstrate the beneficial effects of oxi-
dation inhibition of one product enriched with natural antiradical/antioxidant compounds
as reported by the same research group in a study of limpet pâté enriched with Arbutus
unedo [9] and in liver pâté fortified with added rosemary extract [23], where in natural
enriched pâté samples, a higher DPPH scavenging activity was observed after 15 days
compared to CTR samples. After heat processing, a lower value of TBARS (0.42 ± 0.02)
in the pâté sample with the synthetic additive (BHT) was observed. Regarding the pâté
sample enriched with blackberry and despite the higher TBARS value after processing,
after opening and during storage at the refrigerated temperature, this prevented the un-
wanted secondary metabolite development in the processed product, thus preserving the
product quality attributes such as aroma. This interesting behavior can be explained by the
blackberry richness in antiradical compounds leading to a higher inhibition of the referred
undesirable compounds. Identical action was found in wild fruits from the Mediterranean
area, especially with blackberries and strawberries, in raw pork burger patties [27]. The
obtained results highlight the importance of not only investigating the potential of new
natural sources of antiradical/antioxidant compounds for food applications, but above
all, to use, evaluate, and validate their beneficial effects in food products, as presented
in this study. These findings contributed to the increase in the potential of the antiradi-
cal/antioxidant richness of blackberries for quality maintenance and oxidative stability
in barnacle pâté without synthetic additives. The possible replacement of synthetic an-
tioxidant additives, such as BHT, is a means to guarantee e food safety combined with the
reduction in health hazards.

4. Conclusions

The present work identified both a valuable way of giving economic value to rejected
barnacles and an answer to the consumer demand for natural food products with extended
shelf-life using new and natural antiradical/antioxidant resources for synthetic additive
replacement. So, a healthy and functional food was produced with added value in the food
supply chain, thus developing new markets and attractive consumers. Simultaneously it
also studied the common techniques of pasteurization and sterilization for extending the
shelf-life and maintenance of the food quality. In this sense, the current study compared
the impact of two heat treatments, pasteurization versus sterilization, regarding the quality,
oxidative stability, bioactive content, and microbial load of one innovative food product,
the barnacle pâté enriched with natural antiradicals/antioxidants from the blackberries.
The color of stalked barnacle pâté is affected since a darkness change and a decrease in the
phenolic content in all samples after sterilization was denoted. Both the stalked barnacle
pâtés enriched with blackberry and blackberry + BHT were more resistant in both heat
treatments, revealing the potential of combining these two ingredients from the sea and
earth, the stalked barnacle and blackberry, respectively. The addition of this natural source
of these antiradicals/antioxidants from blackberries, preserve the pâté quality even after
air exposure and subsequent storage at refrigerated temperatures. Future studies will use
sensorial evaluations to validate the consumer acceptability of pasteurized barnacle pâtés
enriched with blackberry.
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