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Abstract

In Senegal, smoking and drying are the most common methods of preserving catfish. However, the quality of the
products and their ability to preserve them are still a recurring problem because of post-treatment contamination
and the favourable climate that facilitates their deterioration. Thus, the present study aims to evaluate the effect
of different concentrations of medicinal plant extracts such as Thymus vulgaris and Salvia rosmarinus during the
smoking process on the organoleptic, chemical and microbiological properties of smoked catfish. The results of
the sensory evaluation showed that the samples with the plant extracts, especially those containing 2% Salvia
rosmarinus and 2% Thymus vulgaris, obtained better scores for the criteria of color, texture, taste and aroma
compared to the other samples. The results of the chemical analysis showed satisfactory concentrations of Total
Volatile Basic Nitrogen (TVBN), with levels below the standards of the Senegalese Association for
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Standardization (ASN), indicating good chemical quality of the products. The absence of particularly toxic
PAHs such as benzo(a)pyrene, a carcinogenic compound potentially formed during the smoking process, is
noted. Samples treated with the plant extracts showed a reduction in the concentrations of certain PAHs
compared to the control samples, suggesting that the use of these plants could reduce the formation of these
compounds that are harmful to the health of consumers. Microbiological testing revealed the absence of
dangerous pathogens such as E. coli, Salmonella, and Staphylococcus coagulase in all samples. However, Total
Aerobic Mesophilic Flora (TAMF), yeasts and molds were detected in some samples, with higher concentrations
in the control compared to the treated samples, suggesting better management of microbiological quality in
products treated with plant extracts.
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Introduction

Senegal, once known for its large marine fisheries production, estimated at 533,479.98 tons per year (DPM,
2020), is experiencing a significant drop in these volumes, with 510,444.91 tons in 2020 (DPM, 2020). This
decline is mainly attributed to the overexploitation of the main fish stocks, insufficient management of the
monitoring, control and surveillance (MCS) of fishing activities in the country's exclusive economic zone (EEZ).
At the same time, the increase in demand for fish, due to population growth and the diversification of eating
habits, is marginalizing low-income social groups, who are often replaced by more powerful actors in the
exploitation of natural fishery resources that have become scarce.

In this context, aquaculture is emerging as an alternative to meet the growing demand for animal proteins.
However, the consumption of catfish, such as Clarias, remains marginal in Senegal, due to the absence of this
food in traditional dietary habits. To compensate for this low popularity, the processing of fresh fish into
smoked, salted-dried or fermented-dried products is a viable solution. These products, which are widely
appreciated by the Senegalese, not only offer increased added value, but also improve their taste and extend their
shelf life, thus meeting consumer expectations (Mbaye, 2005; Diouf et al., 2024).

However, artisanal processing, which dominates this sector, faces many socio-economic and technological
constraints. The simplicity of the techniques used, often practiced in poorly equipped sites, leads to risks to
public health, such as contamination by toxic substances or pathogenic microorganisms. These shortcomings are
aggravated by the absence of formal quality and hygiene control systems, thus compromising the sensory and
sanitary quality of processed fish.

Thus, this study is part of a process to improve the processing and valorization of farmed Clarias gariepinus,
with a particular emphasis on smoking. The general objective was to evaluate the effect of dosages of medicinal
plant extracts (Thymus vulgaris and Salvia rosmarinus) during the smoking process on the organoleptic,
chemical and microbiological properties of smoked fish. By rigorously applying Good Manufacturing and
Hygiene Practices (GMP/H), this work specifically aims to guarantee superior quality products, meet consumer
requirements and contribute to the sustainable development of aquaculture in Senegal.

1. Material and methods

1.1. Fish processing method

The processing of the fish used in this study consisted of two pre-experimental phases whose objective was to
determine the doses of plant extracts of Thymus vulgaris and Salvia rosmarinus that would be accepted by the
evaluators of organoleptic parameters. The first step was to test the appropriate proportions for smoking Clarias
gariepinus with the incorporation of extracts of Thymus vulgaris and Salvia rosmarinus. For this purpose,
solutions of 7% and 14% for both Thymus vulgaris and Salvia rosmarinus were prepared for soaking fish ready
to be smoked. However, organoleptic analyses of the products after smoking showed that these concentrations of
plant extracts used were very high. A second test was made, with much smaller percentages of 1% and 2%
solutions of Thymus vulgaris and Salvia rosmarinus extracts. This time, the results of sensory evaluation were
encouraging, according to the evaluators. This is how these two proportions were chosen.
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1.1.1.  Preparation of thyme and rosemary doses

The preparation consists of macerating thyme and rosemary, bought in the supermarket, in water. After mixing,
the maceration is filtered to produce a soaking solution. The concentrations of 1% and 2% are obtained by
adjusting the ratio between the amount of thyme and rosemary and the volume of water used. The filtrate
obtained will be used to evaluate the action of the extracts on the quality of the smoked catfish. The following
figure 1 describes the protocol for the preparation of Thyme and Rosemary soaking solution or extract.

Grinding of Thyme and
Rosemary leaves in powder

|

Weighing (1% and 2%)

NV

Mixing with water (01 hour)

4

Riddling and filtration

L

Added 5% salt

I 1l

Dipping Solution Dipping Solution
Or Thyme extract Or Rosemary extract

Figure 1: preparation of thyme and rosemary extracts

NB: There is also a control solution that has been made from a brine of 5% salt and without plant extracts. All
soaking solutions (control and plant extracts) have 5% salt.

1.1.2. Smoking processes of Clarias gariepinus

After the soaking solutions have been obtained, smoking involves the steps described below.

Harvet of Clarias — Fish weighing — Gutting fish = We:tghdil;"g l(:f
gutted fis

Display on ¢ Draining — Dipping in - 1%¢,2nd apd 3vd
smoking racks Solutions Wash
‘ ‘ MNThaunwr)

Smoking (2 to 3 Packaging Storage
hours) — )

Figure 2: Manufacturing diagram of smoked Clarias
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1.2.  Sampling method

For chemical and microbiological analyses for each batch of smoked catfish from a well-defined dip (control,
Thyme extracts at a dose of 1% (Th1), Thyme extracts at a dose of 2% (Th2), Rosemary extracts at a dose of 1%
(Roml) and 2% and Rosemary extracts at a dose of 1% (Rom2)), Three samples were taken, for a total of 15.
For each type of processed catfish, the flesh used for testing came from a mixture of small pieces from all
individuals in each batch. These samples are sent to the laboratories for chemical analyses (proteins, lipids, fats,
Total Volatile Basic Nitrogen (TVBN), etc.) and microbiology (E. coli, SRA, yeasts and molds, salmonella,
coagulase-positive staphylococci and thermotolerant coliforms) which are carried out at the National Laboratory
for Analysis and Control (LANAC), while the determination of the PAH content is done at the CERES
LOCUSTOX Laboratory. It should be noted that the samples were taken under aseptic conditions in order to
avoid any kind of contamination.

1.3.  Organoleptic analysis method

The organoleptic analyses were carried out by choosing 10 people at random who are used to the consumption of
smoked fish and who did not attend the experiment to get a clear idea of the taste, smell, texture, color and level
of satisfaction of the smoked catfish. The findings of these evaluators were collected and recorded for
processing.

1.4. Chemical and microbiological analytical method
The methods of chemical and microbiological analysis are summarized in Tables I and II. Table I: Chemical
analyses methods

Parameters Methods

Protein The KJELDAHL method divided into 3 steps:

- mineralization of organic matter by sulfuric acid;

- the release of NH3 from the mineralized sample by adding excess NaOH,;
-steam distillation of this ammonia with boric acid.

Fat - A method of reflux extraction of a test portion with diethyl oxide that promotes
solvent removal by distillation, desiccation and weighing of residues.

Ash - Product incineration method at 600°C (LAB23 I-MET006-Crude ash v11 2013-
02-01-3/5).
TVBN - The method used is that of the distillation of an extract deproteinized by

perchloric acid, which is the reference method chosen by the European Union

Humidity -Desiccation method following the thermogravimetry approach

PAHs -Gas chromatography method with mass spectrometry detection (GC-MS).
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Table II: Microbiological analysis method

Microorganisms Analytical methods

E. coli Enumeration and identification in Tryptone-bile-glucuronide (TBX) culture
medium at 44°C

Salmonella Pre-enrichment, enrichment, isolation, confirmation, identification and reading

Staphylococci Enumeration and identification in Baird-Parker (BP) culture medium at 37°C

Thermotolerant Enumeration, identification in Violet Red Bile Lactose Agar (VRBL) culture

coliforms medium at 30 °C

TVBN Enumeration, identification in a culture medium of Plate Count Agar (PCA) at 30
°C

Yeasts and molds Enumeration and identification in a culture medium of Chloramphenicol glucose
Agar (CGA) agar at 25 °C

The counts and identification of the microorganisms sought are carried out according to French standardized
methods (AFNOR, 1996). The results obtained on the chemical and microbiological analyses underwent an
ANOVA by the SAS (Statistical Analysis System) software with the DUNCAN test to see if there is a
statistically significant difference between the samples.

2. Results
2.1 . Results of organoleptic analyses

The results on the evaluation of the color, odor, taste, texture, salinity and satisfaction level of the finished
products are summarized in Tables III to VIII. To do this, we had the participation of 10 people, who kindly
contributed to the assessment of the various aspects mentioned above.

Table III : Results of the assessment of the color of smoked fish

Samp Colors Whitish (%) Ligth brown (%) | Dark brown (%) Blackish (%)
Control 30 36 34 0
Thi 67 22 11 0
Th2 70 0 20 10
Roml 22 45 33 0
Rom2 11 11 67 11

Table IIT presents the evaluation of the perception of the color of the finished products. These results show a
varied distribution of preferences across samples. For the control, opinions were divided between light brown
(36%), dark brown (34%), whitish (30%) and no evaluator described the color as blackish. Products enriched
with Thymus vulgaris have a majority of whitish color, according to 67% of participants for Thl and 70% of
evaluators for Th2, while those enriched with Salvia rosmarinus tend to have a brunette or brown coloration.
Regarding Rom1 products, 45% of assessors perceive it as brunette compared to 33% who describe it as brown
and for Rom2 67% of surveyors find it brown. These differences show the influence of plant extracts on the
appearance of smoked products.
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Table IV : résultats de I’appréciation de I’odeur des poissons fumés

Smells | Heavy smoke (%) | Chimney smoke Smoked fish (%) Other to be
Sample (%) specified (%)
Witness 7 14 65 14
Thl 0 0 100 0
Th2 0 0 100 0
Roml1 0 0 100 0
Rom2 0 0 100 0

Table IV highlights the evaluators' perceptions of the smell of finished products. The results show a clear
difference between the control and the samples treated with plant extracts. This is reflected in the fact that the
products treated with thyme (Thl, Th2) and rosemary (Roml, Rom2) extracts are distinguished by an odor
uniformly perceived as smoked fish by all participants (100%). On the other hand, the control presents a greater
diversity of olfactory assessments, including 65% of the raters who describe the smell as smoked fish, 14% who
perceive an odor associated with a chimney smoke, 7% who identify a smell of strong smoke and 14% of the
opinions mention another odor.

Table V : Results of the taste assessment of smoked fish

Sample Tastes Very pleasant (%) Pleasant (%) Less pleasant (%) Bitter (%)
Control 21 48 21 0
Thl 56 44 0 0
Th2 50 50 0 0
Rom1 56 44 0 0
Rom?2 60 40 0 0

Table V illustrates the assessment of the taste of the processed products, showing a positive overall assessment
by the evaluators. However, products treated with plant extracts are distinguished by a better preference
compared to the control. For the Thl product, 56% of reviewers rate it as very pleasant, while 44% find it
pleasant. Regarding Th2, opinions are evenly divided: 50% of participants consider the product very pleasant,
and 50% consider it pleasant. For Rom1, 56% of assessors find it very pleasant, compared to 44% who consider
it pleasant. Finally, Rom2 gets the best evaluations, with 60% of reviews in favor of a very pleasant product and
40% qualifying it as pleasant. These results confirm that the incorporation of extracts of Thymus vulgaris and
Salvia rosmarinus, especially at higher concentrations, significantly improves the taste perception of the
products.

Tableau VI: Results of the assessment of the salinity of the products

Samples Salinity Too salty (%) Salty (%) Moderately Salty (%) Salt deficiency (%)
Control 0 36 57 7
Thl 0 0 100 0
Th2 0 0 100 0
Roml1 0 0 100 0
Rom?2 0 0 100 0

The analysis of Table VI representing the assessment of the salinity of the smoked catfish product shows that the
evaluators state that they are moderately salty, and this is justified by the fact that:
» the majority (57% of the evaluators) find the control moderately salty, 36% consider it salty, and 7%
perceive a salt deficiency;
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» All samples containing plant extracts are systematically judged to be moderately salty by 100% of the
participants.

The addition of thyme and rosemary extracts stabilizes the perception of salinity at a moderately salty level.

Table VII: Results of the texture assessment of smoked fish

Samplesl exture Very rigid (%) Rigid (%) Soft (%) Little soft (%)
Control 0 36 57 7
Thi 0 11 89 0
Th2 0 89 11
Roml 0 0 90 10
Rom?2 0 33 67 0

The study of the texture of smoked fish shows that all samples are distinguished by a predominantly soft texture,
with Rom1 products showing the highest proportion with 90% of participants, followed by Thl and Th2 with
89% of raters, then Rom2 with 67% of participants and finally the control with 57% of the population. These
results confirm that the incorporation of plant extracts promotes a softer texture, responding to consumer
preferences.

Table VIII: Level of satisfaction of evaluators on the smoked fish

Sampleatstaction [ yery satisfied (%) Satisfied (%) Less satisfied (%) | Not satisfied (%)
Control 7 71 22 0
Thl 60 40 0 0
Th2 50 50 0 0
Roml 70 30 0 0
Rom2 50 37,5 12,5 0

Table VIII shows the evaluators' levels of satisfaction with the smoked catfish products. The results reveal
significant  differences between the control and the samples treated with plant extracts.
Products fortified with plants, especially Rom1 get the highest overall satisfaction rate with 70% very satisfied,
followed by Thl with 60% and finally Rom2 and Th2 with 50%. On the other hand, the control shows more
moderate levels of satisfaction, dominated by the satisfied category with 71% of opinions.

2.2. Results of chemical analyses

Tables X and XI represent the results of the chemical analyses, which were carried out to evaluate the
physicochemical characteristics of smoked fish. These analyses include moisture, TVBN (Total Volatile Basic
Nitrogen), fat, protein, ash and PAHs.
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Table IIX: results of chemical analyses (TVBN, humidity, protein, ash, fat)

Chemical Control Th 1% Th 2% Rom 1% Rom2%
parameters

TVBN 6,5+0,3% 6,3+0,20* 5,5+0,3" 6,10+0,12 4,30+0,1¢
Humidity 51,2+0,1? 48,2+0,2°¢ 37,6+0,34 48,1+0° 50,6+0,2°
Protein 44,140,1° 46,707 40+0° 34,1+04 44,14+0°
Ash 1,57+0,41¢ 340,22b° 3,57+0,41% 4,340,1* 2,1£0b°
Fat 10,6+0,3Y 10,7+0,2° 18+22 10,6+0,2° 8,5+0,2°¢

NB: superscript a, b, ¢ and d show the differences between the results of the statistical analyses.

The analysis of Table IX shows that: The TVBN rate varies depending on the sample. The analysis shows that
there is no statistically significant difference in the Control, Th1 and Rom1 samples. On the other hand, the Th2
and Rom 2 samples show a statistically significant difference between them and all the other samples. In
addition, the analysis shows that the control recorded the highest TVBN value (6.5 mg/100 g of flesh), followed
by Th1 (6.3 mg/100g), Rom1 (6.1 mg/100g), Th2 (5.5 mg/100g) and Rom?2 with the lowest value (4.3 mg/100g).
Regarding the humidity content, the products of Thl and Roml show a statistically significant difference
compared to the other products. The highest was recorded by the Rom2 sample (50.6%), followed by the control
(51.2%), Roml1 (48.1%), Thl (48.2%) and Th2 (37.6%).
For protein, only Rom2 products did not show a statistically significant difference from the control. The Thl
sample has the highest protein content and Rom1 has the lowest value (34.1%). An intermediate value at the
product level with Th2 (40%) is obtained. Adding Thymus vulgaris to 2% appears to improve the protein

content, while adding 1% reduces this content.

The ash content also varies between samples, which are all statistically different. The Rom1 sample had the
highest value (4.3%), followed by Th2 (3.9%), Thl (3%), Rom2 (2.1%) and finally the control (1.9%). This
shows a gradual increase with the addition of plant extracts, with samples containing 2% extracts showing the
highest values for Thyme.

Finally, for fat, the control products, Thl and Roml, are statistically similar and show statistically significant
differences compared to the Th2 and Rom2 products. However, the analysis of these results shows that the
highest value is observed in Th2 (18%), followed by Thl (10.7%), the control and Rom1 (10.6%), and finally
Rom?2 (8.5%). These results show that Rom?2 has the lowest fat content.
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Table X: results of chemical analyses (HAP in pg/kg)

Samples Control Th1l Th2 Rom1 Rom2
PAHs
Acenaphthylene 112+1,1° 106+2,2¢ 76+2,74 62+1,6° 128+0,5%
Acenaphthene 56+3,7° 64+0,4° 40+2,5¢ 28+0,1° 96+0,8°
Fluorene 0 0 0 0 0
Phenanthrene 0 0 0 0 0
Anthracene 0 0 0 0 0
Fluoranthene 43+0,4* 40+5,9% 36+0,2% 22+0,4° 18£1.,4°
Pyrene 32+0,5° 24+4,3% 30+2,1° 14+1,04¢ 6+3,4¢
Benzo(a)anthracene 0 0 0 0 0
Chrysene 0 0 0 0 0
Perylene 0 0 0 0 0
Benzo(a)pyrene 0 0 0 0 0
Benzo(k)fluoranthéne 0 0 0 0 0
Indeno(1,2,3-cd) 0 0 0 0 0

Analysis of PAHs in samples reveals variation in the presence of compounds across products.
Acenaphthylene: This compound is detected in all samples with statistically significant differences between
samples. However, the analysis shows that Rom2 has the highest value with a concentration of 128 (ug/kg)
followed by control 112 (ug/kg), then Thl 106 (ug/kg), Th2 768 (ug/kg) and finally Rom1 which has the lowest
value 62 (ng/kg).

Acenaphthene: also present in all samples with statistically significant differences, its highest concentration (96
ng/kg) is noted in Rom2 products. The lowest values are observed in Rom1 products with 28 ng/kg, followed by
Th2 products with 40 pg/kg, then in the control 56 pg/kg and at the end of Th1 with 64 pg/kg.

For Fluoranthene, the results vary between samples and only Roml and Rom2 samples do not show any
statistically significant differences between them. The control has the highest value with 43 (ug/kg). In the case
of samples treated with plant extracts, the increase in the dose (from 1% to 2%) of thyme and rosemary
decreases the concentration of fluoranthene from 40 to 36 (ug/kg) for thyme and from 22 to 18 (pg/kg) for
rosemary.

In the case of pyrene, its highest concentration (32 pg/kg) is noted in the products of the control sample,
followed by Th2 with 30 pg/kg, Thl with 24 pg/kg, then Rom1 with 14 pg/kg and at the end of Rom?2 with the
lowest value (6 pg/kg). For the other PAHs, compounds such as fluorene, phenanthrene, anthracene,
benzo(a)pyrene, and indeno (1,2,3-cd) were not detected in any of the samples.
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2.3. Microbiological results

Table XI: Evaluation of microbiological analyses

Germs Samples Expression of Results in CFU/g
Control No detected
Salmonella, Thermotolerant Thi No detected
coliforms, E. coli, SRA, Coagulase Th2 No detected
positive Staphylococci Roml No detected
Rom?2 No detected
Control 3,1.107+80°
Thl 63000+2002
TAMF Th2 55000+520¢
Roml 720009004
Rom?2 53000+850¢
Control 670+2,0°¢
Thl 820+50°
Yeasts and molds Th2 730+100°
Roml 450+3¢
Rom?2 200+264

The analysis in Table XI shows a complete absence of Salmonella, thermotolerant coliforms, Escherichia coli,
SRA and coagulase-positive staphylococci in all samples (control, Th1, Th2, Rom1l, Rom2). On the other
hand, TAMF was detected in all batches. At the control level, the TAMF load is very high, reaching 3.1 x 107
CFU/g. The addition of 1% of Thymus vulgaris (Thl) reduced this load to 68,000 CFU/g. By increasing the
concentration to 2% (Th2), the load decreased further to 55,000 CFU/g. Thus, the 1% increase in Thymus
vulgaris extract resulted in a 19% reduction, or 13,000 inhibited germs. Similarly, for Salvia rosmarinus, the
TAMF load decreased from 72,000 CFU/g with 1% (Rom1) to 53,000 CFU/g with 2% (Rom?2). This increase in
concentration of Salvia rosmarinus resulted in a reduction of 26.39%, or 19,000 inhibited germs.

As for yeasts and molds, they were also detected in all the batches. For the control, the load is 670 CFU/g, with
Thl the load reached 820 CFU/g, but the increase to 2% (Th2) made it possible to reduce it to 730 CFU/g, i.e. a
decrease of 10.98%, corresponding to 90 inhibited germs. At the same time, with Salvia rosmarinus, the yeast
and mold load increased from 450 CFU/g with 1% (Roml) to 200 CFU/g with 2% (Rom?2). This increase in
concentration resulted in a reduction of 55.56%, or 250 inhibited germs.

3. Discussion

3.1. Organoleptic parameters

According to the results of the organoleptic taste test, the analysis shows a general positive appreciation of the
products, with Rom2 having the highest score 60%, followed by Roml and Thl (55%), then Th2 50% and
finally the control 48%, i.e. an average of 55%. These results are very satisfactory in terms of flavor, surpassing
those of Petersson (2001) and Oduor-Odote et al. (2010), who reported low average of 50% from taste
evaluators for smoked fish without plant treatments. However, although these results show a positive
appreciation, they are lower than those of Faye (2022) who obtained an average of 80% on smoked catfish
containing curry and parsley extracts. This could be due to differences in the types of extracts, their
concentration. Nevertheless, these results remain satisfactory with better appreciation proportions for samples
treated with thyme and rosemary extracts.

As far as texture is concerned, the analysis shows that the predominance is on the soft aspect for all samples,
with an overall average of 78% of the surveyors. The control sample was indicated to be soft in texture by 57%
of the evaluators. This proportion increases for samples treated with thyme, reaching 88% for Thl and Th2, as
well as for the sample treated with 1% Roml with 90% of the raters. The sample containing 2% rosemary
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(Rom2) has a slightly lower proportion, with 66% of evaluators judging it to be soft in texture. These results
show that the addition of medicinal plant extracts, particularly at low concentrations (1%), promotes a softer
texture, although Rom2 has a slight rigidity according to 33% of assessors. These observations are partly
comparable to those of Faye (2022), who obtained a satisfaction rate of 55% for samples incorporating 7% and
14% of different spices. However, the results of this study stand out for a notable predominance for soft textures,
far exceeding the average of 55% satisfaction obtained by Faye (2022). Compared to the work of Simko (2005),
who indicated that a rigid texture with a 70% satisfaction rate was preferred, these results show a different trend.
Simko (2005) demonstrated that the longer the smoking time, the stiffer the texture becomes. The differences
observed between the studies could be explained by several factors, including variation in the species used,
smoking conditions or taste preferences of the tasting panels.

Regarding the smell of the samples, the analysis shows a clear predominance for the good smell of smoked fish,
especially for samples treated with plant extracts. In fact, 100% of the assessors revealed that the Thl, Th2,
Roml and Rom2 samples gave off a characteristic good smell of smoked fish. The control sample, on the other
hand, has a diversity of perceived smells: 65% of the evaluators associated it with products with a smell of
smoked fish, while 14% reported that these products smell like a fireplace, and 7% reported that these products
smelled like a fireplace, and 7% reported a smell of strong smoke. Overall, the products are appreciated on
average by 93% of surveyors who stipulated that they have a good smell of smoked fish. These observations are
significantly higher than those of Faye (2022), who had obtained an average satisfaction of 63% for the smell of
smoked fish with samples treated with 7% and 14% of Chinese Parsley spices. Moreover, these results of the
present study differ from those of Jonsdottir et al. (2008), who obtained an average of 80% for products with a
strong smell of strong smoke. This difference could be explained by factors such as the duration of smoking or
the type of fuel used.

The present study showed that for samples treated with Thymus vulgaris (Thl and Th2), a predominance of
whitish color was observed, according to 67% of the evaluators for Thl and 70% for Th2. The control sample
showed a balanced distribution between brunette (36%), brown (34%) and whitish (30%), with no perception of
blackish color. For samples treated with Salvia rosmarinus extracts (Roml and Rom2), the color perception
evolves towards darker shades. Rom1 is mostly considered brown (45%) and brown (33%), reflecting a typical
coloration of a smoked fish. Rom2, on the other hand, has a clear dominance of the brown color (67%).

Compared to the work of Faye (2022), where an average of 90% of the assessors appreciated the typical color of
smoked fish, the samples from this study, show inferior results in terms of compliance with the expected
appearance. These results are also lower than those reported by Espe et al. (2004) and Toth and Potthast
(1984), which achieved 70% satisfaction with the color of smoked fish. These differences could be explained by
the nature of the extracts used, the duration and intensity of smoking, or by variations in experimental
conditions.

As for the salinity of the samples, the analysis shows that the finished products are mostly perceived as
moderately salty, with a clear influence of plant extracts on the overall perception. The control sample shows
variability in judgments, with 57% of the evaluators finding it moderately salty, 36% describing it as salty, and
7% perceiving a salt deficiency. These results reflect a certain heterogeneity in the assessment of the salinity of
the control product. On the other hand, samples containing plant extracts of Thymus vulgaris and Salvia
rosmarinus (Thl, Th2, Roml and Rom2) were unanimously judged to be moderately salty by 100% of the
participants. The incorporation of these extracts appears to play a role in stabilizing the salt content in products.
These results differ from those of Séne and al. (2020), where products with a high salt concentration (33%) were
perceived as too salty in the study on the fermentation and drying of catfish hybrids. However, they are
consistent with those of Kouakou et al. (2013), who had demonstrated that moderate salt concentrations (20-
35%) resulted in products that were well accepted organoleptically. Thus, the results of this study show that the
addition of plant extracts in the smoking process does not change the objective salinity of the products, but
positively influences its perception by the evaluators. This homogeneity in sensory appreciation is an asset for
improving the acceptability of products, while reducing the risk of rejection due to too much variability in
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salinity. With regard to the assessment of the level of satisfaction, the results show that the majority of the
evaluators are generally satisfied with the processed products based on Clarias gariepinus, with variations
depending on the sample. The control sample is considered very satisfactory by 7% of the evaluators and
satisfactory by 71% of the assessors, while 22% of the latter find it less satisfactory. Samples treated with plant
extracts (Thl, Th2, Roml, and Rom2) recorded higher levels of satisfaction. This is shown by the levels of
appreciation of the evaluators, with whom the Rom1 sample is judged very satisfactory by 70% of people,
followed by Thl (60%), Rom2 (50%) and Th2 (50%). None of the samples treated with plant extracts were
classified as unsatisfactory or less satisfactory. On this note, extracts of Thymus vulgaris and Salvia rosmarinus
seem to have improved the organoleptic properties of smoked Clarias gariepinus, thus enhancing the satisfaction
of tasters.

3.2. Chemical parameters

The present study showed that the TVBN rate varies depending on the sample. The control recorded the highest
value (6.5 mg/100 g of flesh), followed by Thl (6.3 mg/100g), Rom1 (6.1 mg/100g), Th2 (5.5 mg/100g) and
Rom?2 with the lowest value (4.3 mg/100g). These values remain below the standards set by the Senegalese
Association for Standardization (ASN), which stipulates that the TVBN of processed fish products must be
less than or equal to 350 mg/100g. Comparatively, the studies by Anihouvi et al. (2005) and Dione (2003) on
fermented and dried products show higher values, reaching 119.74 mg/100g and 249.1 mg/100g, respectively.
The difference in these results would be related to the type of treatment applied (fermentation for these authors
and smoking for this study).

In addition, the low TVBN values obtained in this study would indicate good chemical preservation of smoked
Clarias gariepinus, likely due to the stabilizing effect of Thymus vulgaris and Salvia rosmarinus extracts.

Regarding the humidity (moisture) content, the highest value is recorded by the Rom2 sample (50.6%),
followed by the control (51.2%), Rom1 (48.1%), Thl (48.2%) and Th2 (37.6%). This shows that Th2 has the
lowest humidity level, which could promote better preservation. These values are close to the standards reported
for smoked fish, but Th2 remains slightly lower than those found by Diouf (2021) with a moisture content of
46.82%. At the same time, the moisture content of Thl (48.2%) and Rom1 (48.1%) products is better in terms of
preservation of smoked products than those found by Fall et al. (2017) with a moisture content of 50.3% for
fermented and dried products. Samples with plant extracts, including Th2 and Rom2, have lower humidity’s,
suggesting better conservation, as low humidity limits microbial growth.

As far as proteins are concerned, the Thl sample shows the highest content (46.7%), followed by the control
(44.10%), Rom2 (44.3%), Th2 (40%) and finally Roml, which has the lowest value (34.1%). Thus, only
products treated with Thymus vulgaris extracts at a dose of 1% have a better protein content compared to the
control products. The use of extracts of the medicinal plant (7/hymus vulgaris) with a dose of 1% seems to have
improved the protein quality of smoked Clarias gariepinus. In addition, the protein content of products treated
with Salvia rosmarinus extracts, regardless of the dose, is lower than in the control products, and the same is true
for Th2 products. This is thought to be due to the fact that these doses contribute to burn protein when Clarias
gariepinus is smoked. However, these values are higher than those (18.24 %) found by Salihu-Laisisi et al.
(2013) on Clarias gariepinus smoked without plant extracts. This difference can be justified by the nature of the
fish used, whose protein content can vary between 18 and 72%, but also by the effect of plant extracts.

For ash content, Rom1 products have the highest value (4.3%), followed by Th2 (3.9%), Thl (3%), Rom2
(2.1%) and finally the control (1.9%). It appears that products treated with medicinal plant extracts (Thymus
vulgaris and Salvia rosmarinus) have the highest ash content compared to Control products.

These results are comparable to those reported by Huss (1999), who states that smoked products generally have

ash contents between 2% and 5%. The higher values observed for samples with plant extracts (especially Rom1)
could be related to the mineral content of the plants used.
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For fat (fat), the highest value is observed in Th2 (18%), followed by Th1 (10.7%), control and Rom1 (10.6%),
and finally Rom2 (8.5%). These results show that Rom?2 has the lowest fat content, which can be favorable for a
balanced diet. These values are slightly higher than the observations of Salihu-Laisisi et al. (2013) who found
4.49 + 2.22% for fresh Clarias gariepinus and 12.10 + 1.01% for smoked Clarias gariepinus. The variation in
fats can be influenced by plant extracts, which could act as protective agents, limiting lipid oxidation.

Concerning polycyclic aromatic hydrocarbons (PAHs), the results show that significant concentrations of PAHs,
such as acenaphthylene, acenaphthene, fluoranthene and pyrene, are present in samples of smoked Clarias
gariepinus. Compared to the control sample, acenaphthylene and acenaphthene concentrations were reduced in
samples treated with Thymus vulgaris and Salvia rosmarinus extracts, particularly in Thl and Roml samples.
However, a higher concentration of acenaphthylene was noted in Rom2 (128 ng/kg), suggesting variability in
smoking conditions. For fluoranthene and pyrene, incremental reductions in these compounds were observed in
the treated samples compared to the control sample. The Rom2 sample had the lowest concentrations of
fluoranthene (18 pg/kg) and pyrene (6 pg/kg). Higher concentrations of PAHs are often observed in several food
products, particularly smoked meat and fish (EU, 2020). The European regulation stipulates that some EU
countries cannot comply with low levels of PAHs, despite the application of good smoking practices. This led to
a double amendment of Regulation (EC) 1881/2006 by Regulations (EU) 835/2011 and (EU) 2020/1255 (EC,
2006; EU, 2011; EU, 2020). The presence of PAHs in smoked products has been well documented and known
for several decades. Previous studies have shown that wood smoke is a primary vector of these compounds.
Thys and al. (1983), Lenges and al. (1976), and AFSSA (2007) all reported significant concentrations of PAHs
in smoked food products, highlighting the importance of strict control of smoking conditions to minimize
exposure to these contaminants.

However, the other major PAHs such as benzo(a)pyrene, benzo(a)anthracene, chrysene and
benzo(k)fluoranthene are absent in all samples. These compounds are of particular concern because of their
toxicity and carcinogenic potential. These results are in accordance with strict regulations (CE, 2006; EU, 2011;
EU, 2020) which sets the maximum limit for benzo(a)pyrene at 2 pg/kg for smoked fishery products and the
maximum limit for the sum of the four PAHs (benzo(a)pyrene, chrysene, benzo(a)anthracene and
benzo(b)fluoranthene) at 12 pg/kg. This compliance testifies to a good control of the smoking process,
particularly in terms of temperature, duration and choice of wood, but also the positive effect of plant extracts
limiting the presence of these PAHs. According to Aké et al. (2014), PAH levels in fish are influenced not only
by smoking but also by sampling sites. These authors report benzo(a)pyrene levels ranging from 14.65 pg/kg in
fresh fish to 64.97 pg/kg in smoked fish, values well above the European regulatory limits. Contrary to these
observations, the samples in this study present a much more favourable situation with a total absence of
benzo(a)pyrene and other regulated PAHs. This difference could be attributed to the effects of Thymus vulgaris
and Salvia rosmarinus extracts, factors such as the low fat content of the fish, the type of wood used, and better
control of smoking parameters. Arias et al. (2009) and Aké et al. (2010) emphasize that these elements are
decisive in limiting the formation of PAHs.

3.3. Microbiological parameters
o Salmonella

All samples (Control, Th1, Th2, Rom1, Rom2) show the absence of Salmonella, with results not detected. This is
in line with expectations, as the presence of Salmonella in processed fish products is an indicator of food
contamination. The absence of this pathogenic bacterium suggests that the smoking process applied in this study
is effective in inhibiting Salmonella contamination. This observation is in agreement with the results obtained by
Farougou et al. (2011), who also reported the absence of Salmonella in samples of Trachurus trachurus fish
smoked and sold in the markets of Abomey-Calavi (Benin). On the other hand, they are different from those of
Djinou (2001) with 0.5% and Gouen et al. (2006) with 0.16% found in smoked fish.

o Thermotolerant coliforms
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No thermotolerant coliforms were detected in the samples. This absence is a positive indicator of the
microbiological quality of the products, and suggests that they have been handled under strict hygienic
conditions. These results are different from those of Oulai et al. (2007) who found an average of 4.8 10* germs
per gram of product for a percentage of 27.3%. At the same time, the results of the present study are better than
those of Atobla et al. (2022) who noted the presence of thermotolerant Coliforms at a rate of 80% in their work
on the microbiological quality of traditionally smoked fish sold in markets in Abidjan, Cote d'Ivoire. On the
other hand, Diouf (2021) and Fall and al. (2017) reported similar results to those of this study, where the
absence of thermotolerant coliforms was noted in their work. The satisfaction of the results of this study with the
absence of faecal contamination is linked to the conditions of smoking and handling of these products in
accordance with hygiene and food safety standards.

o Escherichia coli (E. coli)

None of the samples showed E. coli contamination, which is an excellent result. The presence of E. coli in food
products is a direct indicator of fecal contamination, posing a risk to public health. The results observed here are
in line with food safety standards, and indicate that the products are microbiologically safe. These results are
consistent with ICMSF (1986) setting the acceptable limit at 2 cfu/g, which proves compliance with good
processing practices.

o Sulphate-reducing anaerobic (SRA)

All samples showed an absence of SRA, which is also a good result, as the presence of these bacteria is often
associated with the spoilage of food products. The results of this study are different from those of Gouen (2006)
who noted 0.88% of the presence of SRA in his smoked fish samples. The results of this study are also better
than those of Thiam (1993) who found an average of 43.26 germs per gram of product on braised-dried fish. The
absence of SRA in all samples here indicates that the processing conditions are appropriate, and that the products
are stable.

o Coagulase positive Staphylococci

None of the samples show contamination with coagulase-positive staphylococci, which is a positive sign, as
these bacteria can be responsible for food poisoning. These results differ from those of Dohou (2018) who
worked on the microbiological quality of smoked fish along the shoreline villages of Lake Ahémé. Also, those of
Khallaf et al. (2014) who obtained a bioburden of 468 cfu/g. This means that the smoked fish products in this
study are free of contamination by these pathogenic bacteria, thus enhancing their food safety.

Concerning these germs (Sal/monella, thermotolerant coliforms, E. coli, ASR and coagulase-positive
Staphylococci), the results of the present study are in accordance with Order No.14351 of 28-09-2016 sctting
the microbiological criteria, the sampling plan and methods of analysis applicable to the controls of fishery and
aquaculture products intended for human consumption.

o Total Aerobic Mesophilic Flora (TAMF)

The Control has a high bioburden (3.1 x 107 CFU/g), well above the AFNOR 1996 standard which stipulates
that the TAMF should be between 10° and 10° CFU/g, which suggests advanced microbial degradation in this
sample. However, samples with extracts of Thymus vulgaris (Thl) and Salvia rosmarinus (Rom1, Rom2) show a
significant reduction in this load, ranging from 5.3 x 10* CFU/g to 7.2 x 10* CFU/g, suggesting an inhibitory
effect of plant extracts on microbial proliferation. This reduction is consistent with the results observed by
Jiminez-Arellances et al. (2006), who demonstrated that the use of Thymus vulgaris inhibits microbial growth
and the study by Georgantelis et al. (2007), which supports the use of medicinal plants such as Salvia
rosmarinus to effectively inhibit the growth of microorganisms in food products.

o Yeasts and moulds
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The control products have a high yeasts and molds load (670 CFU/g). However, samples treated with plant
extracts show a significant reduction in this load, especially Rom2, which has the lowest load (200 CFU/g). The
contamination of smoked fish could be explained by the great capacity of yeasts and molds to develop on
substrates with low water activity (Bourgeois et al. 1991). These results are different from those of Djinou
(2001) who found a contamination percentage of 9.8%, Gouen et al (2006), 2.09% and Oulai et al. (2007) who
found an average of 4.6,102 germs per gram of product for a percentage of 0.15%. Moreover, they are similar to
those of Fall et al. (2014), who observed that the use of plant extracts in fermented and smoked products
reduced the load of yeasts and molds. The addition of extracts of Thymus vulgaris and Salvia rosmarinus in this
study therefore has a protective effect, reducing the proliferation of these microorganisms and helping to
improve the microbiological quality of smoked products. In addition, the microbiological results of this study
show that extracts of Thymus vulgaris and Salvia rosmarinus have a significant effect in reducing the bioburden
in smoked Clarias gariepinus products. These extracts not only inhibited the proliferation of Total Aerobic
Mesophilic Flora and yeasts and molds, but also contributed to the microbiological safety of the products by
preventing the growth of pathogens such as Salmonella, E. coli, and Staphylococcus coagulase. These results
encourage the use of medicinal plant extracts as natural antimicrobial agents in the processing of food products,
especially those undergoing smoking processes.

CONCLUSION

This study aimed to evaluate the organoleptic, chemical and microbiological quality of smoked Clarias
gariepinus, dosed with extracts of Thymus vulgaris and Salvia rosmarinus. The results highlighted the positive
effects of the addition of these plant extracts on the overall quality of the product, in terms of health safety,
preservation and nutritional properties.

Organoleptic tests have revealed that products containing thyme and rosemary extracts have sensory
characteristics that can meet consumer expectations, with acceptable scores for texture, smell, and taste. These
results indicate that the incorporation of plant extracts helps to preserve the sensory qualities of smoked fish,
thus offering a product that is both tasty and stable.

Chemical analyses have shown that the addition of extracts contributes to the improvement of certain nutrient
parameters, such as protein and fat content, while maintaining total volatile basic nitrogen (TVNB) values within
quality standards. This proves the effectiveness of these extracts in the smoking process in terms of chemical
preservation of the product with the absence of particularly toxic PAHs such as benzo(a)pyrene, a carcinogenic
compound potentially formed during the smoking process. The results obtained are in line with previous studies
on the use of medicinal plants for the conservation of fishery products.

Microbiological testing confirmed that the products were properly processed, with an absence of pathogens such
as salmonella, E. coli, and thermotolerant coliforms. However, the presence of TAMF, yeast and mold, although
moderate, underscores the importance of good hygiene and manufacturing practices to ensure food safety and
product quality.

In short, the study confirmed the hypothesis that adding extracts of Thymus vulgaris and Salvia rosmarinus to
the smoking process not only improves the organoleptic and chemical properties of Clarias gariepinus, but also
offers a microbiologically safe product for consumption.
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