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Abstract

The intensive use of antibiotics in pig farming contributes to the emergence of antimicrobial resistance, thereby encouraging the
search for alternatives such as algae-based feed supplements including Algo-Bio®. However, the acceptability of these
alternatives depends on their impact on the quality of the meat produced. This study aimed to evaluate the effect of replacing
tetracycline with Algo-Bio® on the nutritional and sensory qualities of pork meat. six piglets were divided into three
experimental groups of two piglets: the control group (T0), the Algo-Bio®-treated group (T1), and the tetracycline-treated group
(T2). After slaughtering the pigs, the Semimembranosus muscles were cut into small pieces and homogenized using a blender.
Analyses focused on determining the chemical composition of the meat, followed by hedonic tests performed according to
standard methods. Protein content was significantly higher in meat from T1 pigs (22.9%) compared with TO (14.7%) and T2
(11.9%) (P < 0.05). Fat contents were 6.5% (T1), 5.7% (T0), and 4.7% (T2). Moisture content was lower in T1 (67.8%), while
ash content reached its highest level in this group (1.2%). Potassium (326.6 mg/100 g), phosphorus (223.5 mg/100 g), magnesium
(24.5 mg/100 g), iron (1.5 mg/100 g), zinc (1.4 mg/100 g), and selenium (23.5 g/100 g) contents were higher in T1 meat
samples. Sensory evaluation was performed on meat samples from pigs in each experimental group and conducted with 100
panelists showed that meat from T1 achieved the highest scores for boiled Semimembranosus muscle, with scores of 7.3 for
flavor, 7.7 for juiciness, and 6.6 for tenderness. Algo-Bio® supplementation was associated with improved nutritional and
sensory quality of pork meat
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1. Introduction

Antibiotics play an essential role in modern livestock pro-  and treatment of bacterial infections. They are also adminis-
duction systems due to their effectiveness in the prevention  tered to animals to improve zootechnical performance [15].
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Their use has not only reduced economic losses associated
with animal diseases but has also helped meet the growing de-
mand for animal-derived food products [14, 39, 41]. However,
the intensive and inappropriate use of antibiotics has signifi-
cantly contributed to the emergence and dissemination of an-
tibiotic-resistant bacteria, thereby posing a major public health
concern. In this context, the reduction or even replacement of
antibiotics in animal production has become a necessity, in
line with the “One Health” approach [4, 9, 29]. Accordingly,
the search for effective alternatives in animal production rep-
resents a major challenge within this framework. Among the
proposed alternatives, seaweed-based feed supplements have
attracted increasing attention because of their richness in bio-
active compounds, particularly sulfated polysaccharides, min-
erals, and antioxidants [7, 18, 38]. These compounds are rec-
ognized for their beneficial effects on intestinal health, im-
munity, and animal growth performance. Therefore, their use
in pig farming could help reduce reliance on antibiotics while
maintaining productivity. However, beyond zootechnical and
sanitary performance, the acceptability of these alternatives by
production sectors largely depends on their impact on the nu-
tritional quality of the meat produced. Indeed, any modifica-
tion in animal feeding practices may influence the physico-
chemical composition of muscle tissues and consequently al-
ter the nutritional and organoleptic properties of meat [17, 25,
31]. Protein, lipid, and mineral contents, as well as flavor, ten-
derness, and juiciness, are among the main determinants of
consumer preference and market value. Consequently, replac-
ing antibiotics with algae-based feed supplements raises ques-
tions regarding potential changes in the nutritional and sen-
sory quality of meat, as well as consumer acceptability [32].
This issue is of particular importance because, in animal pro-
duction systems, the adoption of new alternatives depends not
only on their sanitary effectiveness but also on their economic
implications. Even a strategy that is beneficial for animal
health and food safety may face limited adoption if it nega-
tively affects the sensory characteristics of meat and reduces
consumer acceptance, since consumers place considerable im-
portance on taste, texture, and visual appearance [5, 10]. In the
context of Cote d’Ivoire, where pork meat occupies an im-
portant place in the diet and where surveillance systems for
antibiotic use remain limited, it is essential to comprehen-
sively evaluate the effects of such alternatives [16, 29]. Fur-
thermore, several studies have shown that the feed supplement
Algo-Bio® exhibits bactericidal activity against enteropatho-
genic Escherichia coli strains responsible for post-weaning di-
arrhea, as well as against Salmonella strains isolated from pig
farms. The assessment of the nutritional and organoleptic
characteristics of meat contributes both to ensuring food
safety and to enhancing the economic value of the produced
meat. Within this framework, the present study aimed to eval-
uate the impact of replacing antibiotics with this feed supple-
ment on the nutritional and sensory quality of pork meat. The
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objective of this work was to determine whether this alterna-
tive could improve or preserve meat characteristics while ad-
dressing the challenges associated with combating antimicro-
bial resistance.

2. Materials and Methods

2.1. Study Site and Biological Material

The study was conducted on a pig farm located in Adiopo-
doume, Cote d’Ivoire, along the Abidjan—Dabou road. Re-
cently weaned piglets of similar age and body weight were
selected and randomly assigned to three experimental groups
of 2 piglets per group. The animals were reared under similar
hygiene and feeding conditions in accordance with standard
farming practices.

2.2. Experimental Design and Piglet Treatments

Three experimental groups were established: a control
group (TO) consisting of two piglets receiving a standard diet
without specific supplementation; an Algo-Bio® group (T1)
composed of two piglets receiving a standard diet supple-
mented with an algae-based feed additive (Algo-Bio®); and
an antibiotic group (T2) including two piglets fed a standard
diet combined with tetracycline treatment administered ac-
cording to commonly used livestock practices. Treatments
were administered from the post-weaning period until slaugh-
ter. Specifically, the animals received the treatments during
physiologically sensitive stages of the production cycle, par-
ticularly the post-weaning and fattening phases. The doses and
administration procedures for both the feed supplement and
the antibiotic complied with the manufacturer’s recommenda-
tions and standard veterinary practices. Pigs in group T2 were
reared under standard conditions and received antibiotic ad-
ministration during critical production periods. In contrast, an-
imals in group T1 were reared under the same conditions but
without any antibiotic administration throughout the experi-
mental period. Animals in group T1 received Algo-Bio® sup-
plementation at regular two-week intervals throughout the ex-
periment.

2.3. Sample Collection

At the end of the rearing period, a two-week withdrawal pe-
riod was observed before slaughtering the animals at 36 weeks
of age. The pigs were transported to SIVAC (Ivorian Slaugh-
terhouse and Charcuterie Company) and slaughtered under
hygienic conditions. Samples of the Semimembranosus mus-
cle (ham) were collected from each carcass. The samples were
packaged and stored at 4<C for immediate analyses and at
—20°C for delayed analyses.


http://www.sciencepg.com/journal/ijmb

International Journal of Microbiology and Biotechnology

http://www.sciencepg.com/journal/ijmb

2.4. Determination of Physicochemical
Parameters of Meat

After slaughter, the Semimembranosus muscles were cut
into small pieces and ground using a low-speed blender to ob-
tain a homogenate. The resulting samples were carefully
wrapped in aluminum foil and stored at —20°C until analysis.
Moisture, ash, and protein contents were determined accord-
ing to the methods of the Association of Official Analytical
Chemists [3]. Fat content was determined using the Soxhlet
extraction method. Mineral contents were evaluated by flame
atomic absorption spectrophotometry using an air-acetylene
flame atomic absorption spectrophotometer (VARIAN AAS
20).

2.5. Sensory Evaluation Design and Panel
Selection

Sensory characteristics of pork meat were evaluated using
a hedonic test designed to assess consumer acceptance. A total
of 100 untrained panelists were recruited among regular pork
consumers. Panelists included both males and females aged
between 25 and 45 years with diverse socio-professional back-
grounds. All participants received basic instructions regarding
the evaluation procedure prior to testing. Sensory evaluation
sessions were conducted at the Nangui ABROGOUA Univer-
sity under standardized conditions to minimize environmental
bias.

2.6. Meat Sample Preparation and Presentation

Samples of the Semimembranosus muscle were collected
from each carcass (two carcasses per experimental group: TO,
T1, and T2). After collection, samples from each experimental
group were processed under identical conditions. Two cook-
ing methods were applied: boiling in water and grilling with-
out seasoning. All samples were cooked to an internal temper-
ature of 85<C to ensure microbiological safety and uniformity.
After cooking, samples were cooled to room temperature and
cut into standardized cubes of similar size. For sensory testing,
coded samples representing each experimental group were
randomly presented to panelists in identical containers using
a three-digit random coding system to ensure blinding. Each
cooking method (boiling and grilling) was evaluated sepa-
rately by the same panelists.

2.7. Sensory Evaluation Procedure

Each panelist evaluated meat samples from the three exper-
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imental groups (T0, T1, and T2) presented in randomized or-
der. Sensory evaluation was performed using representative
meat samples rather than individual animals. For each experi-
mental group, five independent meat subsamples were pre-
pared from different carcasses to account for within-group
variability. Each subsample was evaluated separately by the
panelists. The final sensory score for each experimental group
was calculated as the mean of all panelist evaluations across
the five independent subsamples. A structured hedonic scale
ranging from “extremely unpleasant” to “extremely pleasant”
was used, including intermediate and neutral categories. Pan-
elists assessed three sensory attributes: flavor, juiciness, and
tenderness. An overall acceptability score was also recorded
for each sample. Panelists were instructed to rinse their
mouths with water between samples to avoid carry-over ef-
fects.

2.8. Statistical Analysis

Data related to physicochemical composition (moisture,
protein, fat, ash, and mineral composition), as well as sensory
data, were expressed as mean = standard deviation. Differ-
ences between experimental groups were assessed using anal-
ysis of variance (ANOVA), followed by a mean comparison
test when necessary. The level of significance was set at p <
0.05.

3. Results and Discussion

3.1. Physicochemical Composition of Meat

The physicochemical composition of the Semimembra-
nosus muscles revealed that the moisture content of meat from
pigs treated with Algo-Bio® was lower (67.8%) than that of
the control pigs (69.4%) and tetracycline-treated pigs (72%).
No significant difference (p > 0.05) was observed between the
moisture contents of the control pigs and those treated with
Algo-Bio®.

Furthermore, meat from pigs supplemented with Algo-
Bio® exhibited a significantly higher protein content (p <
0.05), reaching 22.9%, compared with meat from the control
pigs (14.7%) and tetracycline-treated pigs (11.9%). Fat con-
tents were 6.5%, 5.7%, and 4.7% in meat from Algo-Bio®-
treated pigs, control pigs, and tetracycline-treated pigs, re-
spectively. Finally, the highest ash content was also observed
in meat from pigs treated with Algo-Bio® (1.2%) (Table 1).
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Table 1. Chemical composition of the semimembranosus muscles of pigs.

Chemical composition (% fresh weight)

Parameters
Control (TO)

Moisture content 69,4 +1,182
Ash content 0,7 £0,012
Fat content 5,7 0,052
Protein content 14,7 +0,98°

Algo-Bio®-treated (T1)

67,8 £0,79°
1,2 £0,222
6,5 +0,072
22,9 0,872

Tetracycline-treated (T2)

72 +0,972
0,6 £0,04°
4,7 +0,41°
11,9 +0,06°¢

The values are expressed as mean +standard deviation of ten animals per group.
Values followed by the same superscript letters are not significantly different at the 5% significance level (p < 0.05).

3.2. Mineral Composition of Meat

The mineral composition of the Semimembranosus muscles
indicated relatively higher values in pigs treated with Algo-Bio®.
For phosphorus, values of 200.5 mg, 223.5 mg, and 198.5 mg per
100 g of dry matter (DM) were observed in meat from the control
pigs, Algo-Bio®-treated pigs, and tetracycline-treated pigs, re-
spectively. No significant difference (p > 0.05) was observed be-
tween the values recorded in control pigs and those in tetracy-
cline-treated pigs. Regarding calcium and magnesium, the values

obtained in meat from Algo-Bio®-treated pigs were significantly
higher (p < 0.05) than those measured in control pigs. Potassium
levels were also significantly higher (p < 0.05) in meat from
Algo-Bio®-treated pigs (326.6 mg/100 g DM) compared with
those observed in control pigs (314.9 mg/100 g DM) and tetracy-
cline-treated pigs (319.3 mg/100 g DM). Finally, the amounts of
iron (1.5 mg/100 g), zinc (1.4 mg/100 g), and selenium (23.5
10/100 g) observed in meat from Algo-Bio®-treated pigs were
significantly higher (p < 0.05) than those recorded in the other
groups (Table 2).

Table 2. Mineral Composition of the Semimembranosus Muscles of Pigs.

Mineral composition
Macrominerals
Control (TO)

Calcium (mg/100 g) 5,4 +0,11°
Potassium (mg/100 g) 314,9 +0,05°¢
Phosphorus (mg/100 g) 200,5 +0,26°
Magnesium (mg/100 g) 19 +1°
TOTAL (mg) 539,8 +1,42
Microminerals

Iron (mg/100 g) 0,9 +0,07°
Zinc (mg/100 g) 0,9 +0,05°
Selenium (/100 g) 19,7 +0,6°
TOTAL (mg) 1,8 +0,12

Algo-Bio®-treated (T1) Tetracycline-treated (T2)

6,2 +0,22 6,1 +0,152
326,6 +0,52 319,3 +0,81°
223,5 £1,282 198,5 +0,95°
24,5 +0,52 23,5 +1,622
580,8 +2,48 547,4 £3,53
1,5 +0,152 0,9 £0,04°
1,4 +0,062 0,8 £0,10°
23,5 0,052 19,9 +0,11°
2,9+0,21 1,7+0,14

The values are expressed as mean =standard deviation of ten animals per group.
Values followed by the same superscript letters are not significantly different at the 5% significance level (p < 0.05).
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3.3. Boiled Semimembranosus Muscles

The results of the hedonic tests performed on boiled Semi-
membranosus muscles showed that meat from pigs treated
with Algo-Bio® obtained the highest scores for the different
sensory attributes evaluated. These samples exhibited highly
appreciated flavor, with an average score of 7.3. The juiciness
of the boiled meat was also high (7.7), clearly above the aver-
age score. Statistical analyses revealed significant differences

(p < 0.05) in flavor and juiciness among the boiled meat sam-
ples (Table 3). In contrast, no significant difference (p > 0.05)
was observed between meat from the control group and that
from the tetracycline-treated group.

Regarding tenderness, boiled muscles from Algo-Bio®-
treated pigs obtained a score of 6.6, compared with 5.8 for
both the control pigs and tetracycline-treated pigs. No signifi-
cant difference was observed among the three groups for this
parameter.

Table 3. Organoleptic characteristics of boiled Semimembranosus muscles.

Treatment groups

Parameters

Control (T0)
Flavor 5,6 +2,23°
Tenderness 5,8 +1,812
Juiciness 6 +1,39°

Algo-Bio®-treated (T1)

Tetracycline-treated (T2)

7,3 %1428 4,3 +1,18°¢
6,6 +1,96° 5,8 +£1,61°
7,7+1,012 5+1,1°

The values are expressed as mean =standard deviation of ten animals per group.
Values followed by the same superscript letters are not significantly different at the 5% significance level (p < 0.05).

3.4. Grilled Semimembranosus Muscles

The results of the hedonic tests performed on grilled Semi-
membranosus muscles showed that meat from pigs treated
with Algo-Bio® achieved the highest sensory scores. These
samples exhibited a high flavor score, with an average of 7.8,
as well as good juiciness (7.0). Statistical analyses indicated

significant differences (p < 0.05) for these parameters between
meat from Algo-Bio®-treated pigs and that from the two other
groups. However, no significant difference (p > 0.05) was ob-
served between meat from the control pigs and tetracycline-
treated pigs. Regarding tenderness, the scores obtained were
6.1 for control pigs, 7.0 for Algo-Bio®-treated pigs, and 5.9
for tetracycline-treated pigs (Table 4).

Table 4. Organoleptic characteristics of grilled semimembranosus muscles.

Treatment groups

Parameters

Control (TO)
Flavor 6,4 +1,23°
Tenderness 6,1 +£22
Juiciness 6,1 +1,87°

Algo-Bio®-treated (T1)

Tetracycline-treated (T2)

7,8 0,962 6 +1,34°
7 %1318 5,9 +1,852
8 +0,90? 6,3 +£1,33°

The values are expressed as mean +standard deviation of five determinations.
Values followed by the same superscript letters are not significantly different at the 5% significance level (p < 0.05).

3.5. Overall Meat Appreciation

The results of overall meat appreciation indicated that meat
from pigs treated with the feed supplement was the most pre-
ferred, regardless of the cooking method considered. Algo-

Bio®-treated meat from boiled Semimembranosus was pre-
ferred by 46 panelists, while grilled Semimembranosus from
the same group was preferred by 49 panelists.

The least preferred meat among the tasting panel was that
from tetracycline-treated pigs, both in boiled and grilled forms
(Figure 1).
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Figure 1. Overall meat appreciation according to muscle type and treatment group.

4. Discussion

The physical characteristics of animals (age, sex) and rear-
ing conditions often influence the nutritional, technological,
and sensory quality of meat. The physicochemical analysis of
the Semimembranosus muscles from ham cuts showed that
pigs treated with Algo-Bio® produced meat that was richer in
protein and ash compared with meat from control pigs and tet-
racycline-treated pigs. Indeed, protein levels in meat from
Algo-Bio®-treated pigs reached 22.9% fresh weight. These
relatively high protein levels may be explained by the con-
sumption of Algo-Bio®, a feed supplement rich in amino ac-
ids. The amino acid composition of the diet, particularly the
content of essential amino acids, strongly influences animal
growth and the relative proportions of lean and fat tissues. In
animal nutrition, amino acids are first of all building blocks
for protein synthesis. They are known as anabolic factors that
promote protein gain by stimulating protein synthesis while
inhibiting protein degradation. These effects on protein turno-
ver have been clearly demonstrated in mammals in the work
of Hermier and Mariotti [14]. Therefore, the protein content
of meat depends on the dietary amino acid supply in livestock
systems. Amino acids play a key role in regulating metabolism,
growth, development, immune response, and overall animal
health [2, 6, 24]. Thus, Algo-Bio® may confer a higher pro-
tein value to meat, with an amino acid profile better suited to
human nutritional needs. Regarding fat content, no significant
differences were observed among the three experimental
groups. A direct relationship exists between the fatty acid
composition of pig diets and that of fatty acids deposited in
meat [36, 40]. This relationship can therefore be exploited to
incorporate health-promoting fatty acids into pig diets, which
are subsequently transferred to meat consumed by humans. As
monogastric animals, pigs directly deposit dietary fatty acids
into adipose and muscle tissues [8]. Seaweeds are particularly
rich in polyunsaturated fatty acids, especially omega-3 and
omega-6 fatty acids [22, 34]. The inclusion of algae-based
supplements in pig diets may therefore enhance the nutritional
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quality of pork fat and provide health benefits to consumers.
Indeed, omega-3 and omega-6 fatty acids play an important
role in the prevention of cardiovascular diseases, osteoarthritis,
and diabetes [1, 21, 30]. Meat from Algo-Bio®-treated pigs
showed lower moisture content. Moreover, water content var-
ied among muscles and was inversely related to fat content.
The lower moisture levels observed in meat from supple-
mented pigs could help prevent rapid spoilage. Reduced mois-
ture limits enzymatic degradation reactions and inhibits mi-
crobial growth. These findings are consistent with those of
Salifou et al. [35] in Benin, who highlighted the role of mois-
ture in the development of initial meat microflora. In addition,
meat from Algo-Bio®-treated pigs showed higher ash content
(1.2%) compared with control pigs (0.7%) and tetracycline-
treated pigs (0.6%). According to Geletu et al. [12], ash con-
tent reflects the mineral content of food. Therefore, ash levels
can be used as an indicator of mineral richness in meat. Meat
from pigs supplemented with Algo-Bio® was richer in miner-
als. The mineral composition of meat is closely related to an-
imal diet; in other words, meat mineral content depends on
dietary mineral intake [27]. Meat ash analysis allowed quanti-
fication of essential minerals for humans, including calcium,
potassium, phosphorus, magnesium, iron, zinc, and selenium.
Overall, pigs fed with Algo-Bio® showed higher mineral con-
centrations compared with the other groups. Seaweeds natu-
rally accumulate a wide range of minerals from seawater, in-
cluding potassium, chlorine, sodium, calcium, magnesium,
sulfur, phosphorus, iodine, iron, copper, manganese, zinc, se-
lenium, and molybdenum [20]. Supplementation with iron,
copper, and selenium improves growth performance, animal
health status, and protection against oxidative stress affecting
lipids and proteins. These nutrients may also modify meat
mineral composition, which could explain the non-significant
differences observed for some minerals such as calcium, mag-
nesium, and iron among samples.

Hedonic test results showed that meat from Algo-Bio®-
treated pigs obtained the highest scores, ranging from 6.6 to
8.2 for all evaluated descriptors. These sensory attributes are
important determinants of consumers’ perception of meat
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quality and acceptance [13] This meat was perceived as tender,
juicy, and flavorful by panelists. Scores above the hedonic
scale average indicate broad consumer acceptance. The per-
ceived flavor and juiciness of this meat may be attributed to
its higher fat content. Indeed, the lipid fraction is largely re-
sponsible for meat flavor (taste and aroma) according to Schu-
macher et al. [37]. Flavor compounds are released during
cooking from aroma precursor molecules, particularly those
associated with fat. The richness of algae in polyunsaturated
fatty acids may also explain the enhanced flavor observed in
Algo-Bio® meat samples, as reported by Fu et al. [11], who
showed that fatty acid composition influences meat flavor in-
tensity. Juiciness depends on the amount of meat juice re-
leased in the mouth during chewing and is enhanced by sali-
vation stimulated by intramuscular fat. It is closely related to
the water-holding capacity of muscle, which reflects the abil-
ity of meat to retain its own water or added water. The ease of
mastication (tenderness) observed in Algo-Bio® meat may be
attributed to the quantity and nature of connective tissue,
which determines baseline toughness. In addition, lipids from
algae may contribute to improved meat tenderness. Meat is
composed of muscle fibers, adipose tissue, and connective tis-
sue (collagen), which binds muscle fibers together. According
to Purslow [28] and Roy and Bruce [33], higher collagen con-
tent reduces meat tenderness. Meat from tetracycline-treated
pigs received the lowest scores (4.3 to 6.3) from panelists.
These relatively low scores may be explained by the lower fat
content observed in these muscles, which negatively affected
perceived juiciness and tenderness. All grilled meats were
more appreciated than boiled meats. The proportion of panel-
ists who globally preferred meat from Algo-Bio®-treated pigs
was higher than that for control and tetracycline-treated pigs,
both for grilled and boiled samples. Indeed, meat is more ap-
preciated when it is juicy, tender, and flavorful. According to
Miller [23] and Liu et al. [19], tenderness is a key quality at-
tribute of meat and a major consumer expectation. Further-
more, juiciness enhances flavor perception and palatability,
making meat easier to chew and stimulating salivation [26, 31].
This explains the higher overall acceptance of meat from
Algo-Bio®-treated pigs.

5. Conclusion

The replacement of antibiotics with an algae-based feed
supplement (Algo-Bio®) represents a relevant alternative in
pig production systems. Contrary to initial concerns, this strat-
egy does not lead to a deterioration of meat quality; rather, it
contributes to its improvement. Algo-Bio® supplementation
resulted in meat with higher protein and essential mineral con-
tents, while maintaining fat levels comparable to those ob-
tained under conventional practices. From a sensory perspec-
tive, meat derived from this treatment was significantly more
appreciated, particularly in terms of flavor, juiciness, and ten-
derness. Thus, the use of this feed supplement simultaneously
addresses two major challenges: reducing antibiotic use in the
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context of antimicrobial resistance control and maintaining or
even enhancing the organoleptic quality of meat. This dual
benefit constitutes an important driver for the adoption of such
alternatives by producers. In the Ivorian context, these find-
ings open promising perspectives for the development of more
sustainable and safer livestock production systems.
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