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Abstract

Background: The limits of antibiotic prompted researchers to explore foods components as antimicrobial. The present study was initiated to value the oils
extracted from the fat tissues of Lutjanus dentatus against food poisoning bacteria.

Methods: The oils were extracted from the adipose tissue by drying at 45°C for 24 hours and by cooking in a pressure cooker at 95°C for 20 minutes followed
by pressing. Subsequently, the oil extraction yield and the chemical characterization from quality indices according to standard methods and physical
analysis by Fourier transform infrared (FTIR) spectroscopy were evaluated. The oils antibacterial activity, their emulsion as well as their interactions with some
common antibiotics were evaluated by the broth microdilution method.

Results: L. dentatus oil adipose tissue extraction yield obtained by cooking at 95°C was high (66.83%) compared to that obtained after drying at 45°C
(55.50%). The oil extracted from L. dentatus adipose tissue by drying at 45°C showed peroxide (9.76+1.19 meqd'O,) and anisidine indices (40.94+0.8) higher
than those obtained by cooking at 95°C (6.560.40 meq d’0, and 37.85+0.34 respectively). However, the acid, iodine and thiobarbituric acid value of oils
extracted using the two methods were not significantly different P<0.05. The FTIR profile provided information on the functional groups present in the oil and
enable to appreciate the variation of the peaks compared to the quality indices

The antibacterial test showed that the oils studied all had antibacterial activity. The best spectrum of action (23/23 bacteria tested 16 < MIC < 256 mg / ml)
was noted with the oil extracted by cooking at 95°C. Regardless of the extraction method, emulsions have better antibacterial activity compared to the oils
(0.39 = MIC = 12.5 mg/ml). Moreover L. dentatus oil adipose tissue potentiated the activity of Ciprofloxacin, Tetracyclin, Gentamicin, Amoxicilin and
Chloramphenicol on the bacterial strains tested.

Conclusion: These results are a source of motivation for a much more in-depth exploration of the antimicrobial properties of the L. dentatus oil.

1. Introduction

Food provides the body with energy and nutrients it needs to function. However, they are capable of carrying infectious microorganisms which are the cause
of food borne ilinesses very common in our environment [1, 2]. The most effective drugs used against these bacterial infections are antibiotics. However, the
abusive and inappropriate use of these has led to resistance to many antibiotics once reputed [3].

In the search for alternatives, several authors have so far used plant extracts [4], substances extracted from microorganisms and fish oils [5, 6]. However, it
remains obvious that food remains a precious secure source of elements with pharmacological properties. As such, fish oils have so far revealed several
pharmacological and more precisely antibacterial properties [7].

Annual world production of fish from fisheries and aquaculture is estimated at 171 million tones [8]. A large part is processed and then used for human
consumption [8]. These processing steps generate a significant amount of offal and other by-products made up of viscera, bones, fins, skins and fat. Those
co-products are still an under-exploited source of nutrients with useful therapeutic and functional properties for humans [9]. At the pre-treatment unit of the
Youpwe landing stage in the city of Douala, Cameroon, the adipose tissue of Lutjanus dentatus are generated in large quantities and directly discharged into
the environment, causing pollution problems. This work was therefore initiated in order to explore the properties of oils extracted from the fats of this fish.

2. Materials And Methods
2.1. Materials
2.1. 1. Adipose tissue collection

The adipose tissue used for oil extraction was removed from the abdominal part of Lutjanus dentatus collected from fish cleaners at the Youpwe landing
stage in Douala. They were stored under ice in a cooler and transported directly to the Laboratory. Fish identification was carried out by ichthyologists from the
Fisheries Resources Laboratory of the Institute of Fisheries and Aquatic Sciences at the University of Douala.

2.1.2. Microorganisms

The bacteria used in this study consisted of Gram +and Gram- bacteria, including strains of Staphylococcus aureus, Eschericha coli, Enterobacter cloacae,
Klebsiella pneumoniae, Shigella flexneri, Salmonella enterica serovar typhi, Citrobacter jreundii and Yersinia enterocolitica.

2.1.3. Oils extraction

Drying at 45 °C

The fish adipose tissue was cut into pieces and stored in an oven at temperature of 45 °C for 24 hours during which oil was collected.
Cooking

The extraction by cooking at 95 °C was carried out in a household autoclave into which the fish adipose tissue was introduced, brought to a temperature of
95 °C for 20 min. The oil that emerged during pressing from the tissue, using a mechanical press was then collected.

In both cases, the oils obtained were weighed and stored in opaque containers at 4 °C temperature.
2.1.4. Determination of fish oil quality
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The acid, iodine and anisidine indices were evaluated according to standard methods recommended by the French Association for Standardization [10]. The
peroxide index was determined according to the spectrophotometric method recommended by the IDF [11]. The Thiobarbituric Acid Index was determined
using the method recommended by the American Oil Chemist Society [12].

Fourier Transform Infrared (FTIR) Spectra Analysis
IR spectra between 3800 and 500 cm™ " were recorded using a tensor 27 (Bruker, Wissemberg,

France) equipped with an ATR prism crystal accessory and MCT detector (Mercury Cadnium Telluride). The spectra resolution was 4 cm™'. Measurements
were performed at RT using approximately 2 pL of the fish oils, which were placed on the surface of the ATR crystal and pressed with a flat-tip plunger until
spectra with suitable peaks were obtained. The background was subtracted using the spectrum software OPUS version 6.3.2 (Perkin-Elmer Inc.).

2.1.4. Antibacterial test

Antibacterial activity evaluation of fish oils and emulsion

The antibacterial activity of the oils was evaluated with respect to bacterial strains by the broth microdilution method [13]. For each bacterial strain, the
inocula was prepared from overnight bacterial culture and adjusted to 1.5 x 10° CFU/ml in broth Mueller Hinton using Mc Farland Scale [14]. The oil stock
solutions were prepared at 1024 mg/ml in a 5% Tween 80. Also, the stock solution of Ciprofloxacin was prepared at 256 pg/ml. Moreover, oil emulsions were
prepared as previously described by Prinderre et al. [15]. For this purpose, 0.5 g of oil was stirred in a beaker containing 0.5 g of tween 80 using a magnetic
stirrer at 800 rpm for 30 minutes. Subsequently, 9 ml of sterile distilled water adjusted to a flow rate of 2 ml/min through a burette were added to the reaction
medium maintained under a magnetic stirrer for 2 hours. The stock solution obtained at a concentration of 50 mg/ml was packed in an opaque bottle and left
to stand for 2 days at 4 °C temperature before use. As far as the antibacterial test is concerned, the Minimum Inhibitory Concentrations (MICs) and the
Minimum Bactericidal Concentrations (MBCs) made it possible to assess the antibacterial activity. The tests were performed in 96 microtitre plates. The final
volume in each well was 200 pl. Test sample concentrations were between 2 and 256 mg/ml. Ciprofloxacin was used as a positive control at concentrations
ranging between 2 and 256 pg/mL. Tests were carried out in triplicate and repeated thrice. The MICs was defined as the lowest test sample that prevents
development of the yellow dye of P-iodonitrotetrazolium chloride (INT; 0.2 mg/ml) to a pink color [16]. The MBC values were determined by adding 50 pl
aliquots of the preparations which did not show any growth after incubation during MIC assays to 150 pl broth culture medium. These preparations were
incubated at 37 °C for 24 h. The MBCs values were defined as the lowest concentration of test sample that prevent color change of INT as mentioned above.
Following MBCs determinations, the CMB/CMI allowed to reveal either the bactericidal effect (CMB / CMI < 4) or the bacteriostatic effect (CMB / CMI>4) [17].
2.1.5. Fish oils —antibiotics interaction study

100 pl of Mueller Hinton broth culture medium was introduced into each well of a 96-well microtitre plate, followed by the addition of 100 pl of antibiotic. A
subsequent dilution was thereafter made to obtain final antibiotic concentrations less than or equal to the MIC. 100 pL of oil solution was introduced into each
well. The stock solutions of oil were prepared so as to obtain final concentrations in the wells equal to MIC and MIC x 2. The content of each well was diluted
by adding 100 pL of inoculum. The MIC was determined as mentioned above [18]. The interaction between each oil sample and the antibiotics including
Chloramphenicol, Amoxicillin, Tetracyclin, and Gentamycin was determined by calculating the Fractional Inhibitory Concentrations (CIF). Four types of
interactions were recorded according to the value of the Fractional Inhibitory Concentration: synergistic interaction (CIF < 0.5); additive interaction (0.50 CIF <
1); indifferent interaction (1 [ CIF < 4) and antagonistic interaction (CIF >4) [19].

Statistical Analysis

The results of the oil quality indices were expressed with more or less standard deviation means. The means was compared by the ANOVA | test to the 5%
probability threshold using GraphPadInstat version 2000 software.

3. Results
3.1. Influence of oil extraction method on yield

The extracting method oil from the adipose tissue of L. dentatus greatly influences the extraction yield in the samples (Table 1). The best yield (66.83%) was
achieved by cooking.

Table 1

Extraction yield of the oil from the adipose tissue of Lutjanus dentatus according to the
extraction method.

Sample  Mass of extract Volume of extract  Extraction yield
mass(g) obtained (g) obtained (ml) (%)
Drying at 45 °C 636 353 405 55.50
cookingat95°C 300 200.5 230 66.83

3.2. Influence of extraction method on oils indices

Oil quality indices varied depending on the extraction method used (Table 2). The oil obtained by drying at 45 °C showed higher peroxide and anisidine indices
than those exuded at 95 °C. However, the acid, iodine and thiobarbituric acid indices of oils extracted by both methods were comparable.
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Table 2
Quality index of the oil from adipose tissue of Lutjanus dentatus according to the extraction method

Extraction methods  Acide Index lodine Peroxydeindex  Thiobarbituric Anisidine index
(mgKOH/g)  index (meqd'02/Kg)  acide index
(g12 /100 g) (umol MDA/Kg)
Drying at45°C 37341532 9155+7.10°®  6.56+0.402 1.99+0.282 40.94+0.87°

cooking at 95 °C 324+054° 102.47+508 976+1.19° 221+0.10 37.85+0.34

In the same column, the numbers bearing the same letters are not significantly different (P >0.05), (n = 3)

3.3. Analytical changes occurring in the oil of the adipose tissue of L. dentatus during extraction by drying at 45 °C and cooking by infrared spectroscopy
(FTIR)

Infrared spectroscopy was used to identify the functional groups present in the organic components of samples of Lutjanus dentatus oils. From a global point
of view, these spectra have the same appearance; since coming from the same fish.

The spectra obtained between 3800 and 500 cm' on oils extracted by drying at 45 °C and cooking, are presented in Fig. 2. The weak band associated with the
hydroxyl groups formed during the oxidation appears in Fig. 2a close to 3350 cm™. It is observed that the peak of the oil obtained by drying at 45 °C is greater
than that obtained by cooking. This means that the quantity of hydroperoxide formed in oil obtained by drying at 45 °C is more important than that content in

oil obtained after cooking cooking. Consequently, oil obtained by drying is more oxidized than that obtained after cooking.

The peak at 3008 cm 7, linked to the C sp?-H stretching vibration of the cis double bond (= CH), provides information on the degree of lipid unsaturation. This
peak is greater in the oil obtained after cooking (Fig. 2a). This implies that oil obtained after cooking contents more insaturation than the oil obtained after
drying, thus confirming the previous results.

The two peaks just below 3000 (2955 - 2922 cm™ and 2853 - 2849 cm™) can both be attributed to the absorption caused by the asymmetrical and
symmetrical stretching vibrations of the methyl and methylene groups (Fig. 2b). For these two peaks, the absorbances were greater in the oil obtained by
drying at 45 °C. A high absorbance indicates a significant appreciable content of the concentration of the functional groups CH; and CH,. During the primary
oxidation, -CH = CH- react to form —CH,-CH(OOH)- and during the secondary oxidation —CH,-CH(OOH)- can react to form —CHg et —CHO; This justify respective
increase of group numbers of methylene et methyl.

The stretch vibration band attributable to the C = O group of triglycerides (aldehyd, ketone, ester) was found at around 1742 cm™ (Fig. 2c). The high peak in
Lutjanus dentatus oil obtained by drying at 45 °C compared to the other could mean that this sample contains higher carbonyl groups, probably aldehydes
and ketones, which are secondary oxidation products derived from hydroperoxides. This may justify the higher anisidine index in Lutjanus dentatus oil
obtained by drying at 45 ° C (Table 2).

The bands appearing at 918 cm™ (Fig. 2d) are linked to the vibration in the molecules analyzed of the double trans bonds, while those appearing at 716 cm’™
(Fig. 2d) are linked to the vibration in the molecules analyzed of the double cis bonds.

3.4. Influence oil extraction method on antibacterial properties

The antibacterial activity of the oils varied depending on the extraction method, bacterial strains And the preparation technique of the test sample (Table 3).
Both oils showed comparable antibacterial activity on Shigella flexneri, Citrobacter jreundii, Yersinia enterocolitica, Staphylococcus aureus and in particular on
methycilin resistant strains (interval de CMI). With MICs values of 32 < CMI < 128 mg/ml on E. coli strains and similar activity on all strains of Sa/monella
enterica serovar typhi, the oil obtained after cooking was more active compared to that obtained by drying at 45 °C (MIC). In addition, the oil obtained by
drying at 45 °C was more active on strains of Klebsiella pneumoniae with 16 < CMI < 64 mg/ml.

In general, the MICs value of the emulsions was lower regardless of the oil extraction method (0.39 < MICs < 12.5), reflecting an increase antibacterial activity.
The activity of these emulsions increases by 20 times on most bacteria with the oil obtained by drying at 45 °C.

Regardless of the bacteria strain, the temperature of oil preparation and the technique of preparation of the stock solution to be tested, The MBC/MIC ratio
was greater than or equal to 4 in general, reflecting a bacteriostatic activity of adipose tissue oil from L. dentatus.

Table 3: Parameters of oil inhibition of the adipose tissue of Lutjanus dentatus (mg/ml)
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Bacteria Drying at 45 °C cooking at 95 °C

Ciprofloxacin
Gram - MIC Qil Nanoemulsion Qil Nanoemulsion
(ug/ml
MIC MBC R MIC MBC r MIC MBC MIC MBC
R r
ATCC 8739 16 256 - - 625 - 50 32 - - 1.56 12.5 21
Escherichia coli  EC020 8 128 - - 625 - 20 128 - - 6.25 - 20
ECOWDCMS87 8 128 - 125 - 10 64 - - 3.12 - 21
EC20 8 32 256 8 156 125 21 32 256 8 0.78 6.25 41
Enterobacter ENTB 62 8 128 - - 125 - 10 64 128 2 3.12 - 21
cloacae
KLPB 76 8 64 - - 625 - 10 256 - - 3.12 - 82
Klebsiella KLPB 77 16 32 128 4 156 125 21 128 - - 3.12 - 41
pneumoniae
KLPB 94 4 64 - - 625 - 10 128 256 2 6.25 - 20
KLPB 95 16 64 - - 312 - 21 256 - - 6.25 - 50
KLPB 101 4 16 128 8 039 - 41 128 - - 6.25 - 20
KLPB 91 2 64 - - 625 - 10 256 - - 6.25 - 50
Shigella flexneri  SFB 93 2 64 - - 625 - 10 256 - - 3.12 - 82
SAATCC 32 256 - - 312 - 82 128 - - 3.12 - 41
2593
Salmonella 2 128 - - - Nd Nd 128 - - 6.25 - 20
SALH 46
enterica
serovar typhi SAL 4 - Nd - 312 128 Nd 256 - - 3.12 - 82
Sal anatu 4 - Nd - 625 - Nd 256 - - 3.12 - 82
Citrobacter CITB 126 16 128 - - 312 - 41 256 - - 6.25 - 50
Jreundii CITB 80 16 32 128 4 156 125 21 16 128 8 6.25 - 3
Yersinia YERB 121 16 32 256 8 156 125 21 32 - - 1.56 12.5 21
enterocolitica YERB 126 20 64 - - 156 - 41 128 - - 3.12 - 41
Gram +
Staphylococcus STAB 74 32 64 - - 039 125 164 128 - - 6.25 - 20
aureus MRSA 3 32 128 - - 625 - 20 128 - - 6.25 - 20
STAPH 8 64 256 4 625 125 10 32 128 4 3.12 - 10

MIC: Minimal Inhibitory Concentration ~MBC: Minimal Bactericid Concentration ~Nd: Not determined  R: CMB / MIC ratio  r: Oil MIC / Nanoemulsion MIC
ratio

3.5. Interactions of L. dentatus oils with some antibiotics

The combination of oils with antibiotics showed that the oil from the adipose tissue of L. dentatus obtained by drying at 45 °C potentiated the activity of
Gentamicin on all the bacterial strains used, that of Ciprofloxacin and Chloramphenicol on all the strains except S. flexneri. This oil also potentiated the activity
of Amoxicillin on E. coli, K. pneumoniae, S. typhiand C. Jreundii and also of Tetracycline on E. coli, E. cloacae, K. pneumoniae, S. typhi, C. jreundiiand S.
aureus. In contrast, the antagonistic and indifferent effects were observed with few bacterial strains (Table 4).
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Table 4
Interactions of the oil from the adipose tissue of L. dentatus obtained by drying at 45 ° C with some antibiotics depending on the bacterial strain:

Ciprofloxacin Amoxicillin Tetracyclin Gentamicin Chl
Bacteria MIC Association CMI Association CMI Association  CMI Association MIC Ass
Gram - MIC 2MIC MIC 2MIC MIC 2MIC MIC 2MIC MIC
Escherichia. ATCC 8 S Ad 16 Ad - 16(1) 32 Ad s 16 s 8(0.5) 32 64(:
Coli 8739 4(0.5) 8(1) 16(1) Al 32(1) 16(0.5) 8(0.5) S o

Enterobacter ENTB 8 In Ad 16 In n 16 In Ad 16 s 8(0.5) 16 64(.
cloacae 62 16(2) 8(1) 32(2) 32(2) 32(2) 16(1) 805" &

Klebsiella KLPB 16 In Ad 16 In Ad 32 S S 8 s 8(1) 32 32(
s a6 A 32(2) 16(1) 32(2) 16(1) 16(0,55  16(0,5) 4(0.5) 8¢ 32

Shigella flexneri  SFB93 2 An In 16 In n 16 In In 8 Ad 16(2 2 16(
16(8) 8(4) 32(2) 32(2) 32(2) 32(2) 8(1) ! 2 An(

Salmonella SA 32 s 32(1) 8 In Ad 32 Ad In 8 s 8(1) 16 16(
enterica serovar  ATCC 16(0.5) Ad 162) 8(1) 32(1) 64(2) 2(0.25) Ad Ad
typhi 2593

Citrobacter CITB 16 n 16(1) 8 s s 32 Ad Ad 16 Ad  16(1) 32 32(
g % 32(2) 16 2(0.25)S  4(0.5) 32(1) 32(1) 16(1) 16 32
Yersinia YERB 16 S s 8 In n 2 An An 8 s 8(1) 32 32(
enteracolitica 121 8(0.5) 8(0,5) 32(4) 16(2) 16(8) 16(8) 4(0.5) he pe
Gram +

Staphylococcus MRSA3 32 4 6(0.5)S 32(1) 4 16(4)  16(4) ' 16 8(0.5S 8(0.5)8 16 16(1)Ad 16(1) 32 32(
aureus Ad Ad Ad

The oil obtained after cooking in general potentialized the activity of Amoxicilin, Ciprofloxacin, Chloramphenicol, Tetracyclin and Gentamycin on most of the
bacterial strains used. This potentiative activity sometimes varied with the bacterial species. In addition, in certain cases, indifference and antagonism was
selectively noted on some bacterial strains (Table 5).

Table 5
Interactions of the oil from the adipose tissue of L. dentatus obtained by pressing after cooking with some antibiotics depending on the bacteri
Ciprofloxacin Amoxicillin Tetracyclin Gentamicin
Bacteria MIC Association MIC Association MIC Association MIC  Association MI
Gram - MIC 2MIC MIC 2MIC MIC 2MIC MIC 2MIC
Escherichia. ATCC 8 In n 16 Ad - 16(1) 32 S s 16 In n 32
Coli 8739 16(2) 16(2) 16(1) A 8(0,25) 8(0.25) 32(2) 32(2)
Enterobacter ENTB 8 In n 16 n  32(2) 16 s Ad 16 Ad s 16
62 32(4) 16(2) 64(4) o 8(0,5) 16(1) 16(1) 8(0.5)
cloacae
Klebsiella KLPB 16 16(1) 16(1)Ad 16 16(1)Ad 8(0.5) 32 16(0,5) S 16(0.5% 8 32(4)"  2(0.25)8 32
pneumoniae 95 Ad S !
Shigella flexneri ~ SFB 93 2 32(1 6) 1 6(8)An 16 8(05)3 4(025) 16 8(0 5) S 8(05)S 8 1 6(2) In 8(1) Ad 2
An S !
Salmonella SA 32 In s 8 In n 32 In Ad 8 An In 16
antorica serovar  ATCC 64(2) 16(0.5) 32(4) 32(4) 64(2) 32(1) 64(8) 32(4)
typhi 2593
Citrobacter CITB 16 In n 8 In  32(4) 32 In Ad 16 In Ad 32
jroundii 126 32(2) 32(2) 32(4) > 64(2) 32(1) 32(2) 16(1)
Yersinia YERB 16 In In 8 Ad Ad 2 An An 8 An In 32
enterocolitica 121 32(2) 32(2) 8(1) 8(1) 32(16) 32(16) 64(8) 32(4)
Gram + MRSA3 32 32(1) 32(1) Ad 4 32(8)An 32(8) 16 32(2)“1 32(2) In 16 1 6(1 )Ad 1 6(1) Ad 32
Ad An
Staphylococcus
aureus

4. Discussion
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The cooking method made it possible to obtain the adipose tissue oil from L. dentatus with a better yield than with the 45 °C drying method. This increase
could be attributed to the high temperature which could favor the release of the oil from the tissues.

The variation in the acid index could be associated to the extraction method. Indeed, the extraction by drying at 45 °C was carried out for 24 hours, while the
extraction after cooking at 95 °C was carried out for 20 min and at relatively high temperature. Furthermore, the low content of free fatty acids at 95 °C could
be due to the deactivation of the lipolytic enzymes by heat, thus preventing hydrolysis in the cooked product. These results are in agreement with those
obtained by Weber et al. [20] according to who the cooking methods applied to catfish caused a significant reduction in its free fatty acid content. The acid
index of the oil from the adipose tissue of L. dentatus extracted by both methods was in accordance with the standard (< 3 mg KOH / g of oil) [21].

A drop in the oil's iodine indicator is attributed to the destruction of fatty acid double bonds by oxidation, cleavage or polymerization [22]. The fatty tissue oil
of L. dentatus obtained by drying at 45 ° C had a lower iodine index than that obtained by pressing after cooking at 95 ° C. The prolonged exposure of this oil
to heat during extraction by drying at 45 ° C leads to a deterioration of the double bonds. Indeed, the exposure of oil to heat leads to an alteration of the double
bonds of unsaturated fatty acids [23]. Likewise, the peak at 3008 cm™, linked to the CH stretching vibration of the cis double bond (= CH), which provides
information on the degree of lipid unsaturation is greater in the oil obtained after cooking. A similar peak at 3010 cm™, linked to the CH stretching vibration of
the cis double bond (= CH), was obtained in the lipids of salmon [24]. In addition, the two peaks just below 3000 (2955 - 2922 cm-1 and 2853 - 2849 cm-1)
attributed to the absorption caused by the asymmetrical and symmetrical stretching vibrations of the methyl and methylene groups could be linked to
oxidation of oils with reduction of unsaturations.

The high value of the peroxide index obtained in L. dentatus adipose oil obtained by drying at 45 °C compared to that obtained by pressing after cooking could
be due to a prolonged reaction of oxygen with double bonds during drying at 45 ° C. Furthermore, the peak associated with the hydroxyl groups formed during
oxidation, appearing near 3350 cm-1 is higher in the oil obtained by drying at 45 ° C compared to that obtained after cooking. The decrease in the intensity of
this band may suggest the decomposition of the hydroperoxide to give secondary lipid oxidation products due to heat.

The thiobarbituric acid index of oils from adipose tissue of L. dentatus obtained after cooking at 95 °C was higher compared to that obtained after drying.
According to food standards, the oils were of good quality because they presented indices lower than 10 pmol MDA / Kg [20].

The anisidine index of oils from adipose tissue of L. dentatus obtained by drying was higher compared to that obtained after cooking. Prolonged exposure to
heat resulted in the transformation of unstable primary oxidation compounds (hydroperoxides) into stable secondary compounds [25].

According to Guillén and Cabo [26], the spectral regions between 1265 and 1014 cm™ (Fig. 2d) are associated with the stretching vibration of the C-O ester
group and the bending vibration of the C-O group of alcohols and ethers. They show a slight difference from one extraction method to another. Thus, the
higher peaks in the oil obtained by drying at 45 °C may reflect a more advanced oxidation of the lipids. The results are in accordance with the oils indices.

The evaluation of the antibacterial activity of oils from adipose tissue of L. dentatus obtained by to the two extraction methods revealed MICs values between
16 and 256 mg/ml, reflecting the activities of these oils on bacteria responsible of foodborne diseases. This antibacterial activity could be justified by the
presence in these oils of saturated fatty acids and polyunsaturated fatty acids of the family of omega-3 (linoleic acid, eicosapentanoic acid, docosahexanoic
acid) and omega-6 (linolenic acid, arachidonic acid). These oils could therefore be used to relieve stomach aches due to contamination by these
enterobacteria.

The oil obtained following cooking was active on a wide range of bacteria compared to that obtained after drying at 45 °C. This could be due to the
modification of the chemical composition reflected by the quality indices of the oil obtained after drying at 45 °C which was more affected during the
extraction.

The antibacterial activity of the emulsions from L. dentatus adipose tissue oils was greater compared to oils used for their preparation. This can be explained
by the fact that, the emulsions improve the penetration of the active fatty acids through the bacterial cell membrane thanks to their large specific surface and
to the reduction of the interfacial tension of the droplets [27]. Indeed, in comparison with macroemulsions, nanoemulsions in question in this work have better
solubility and much greater specific surface, which gives an optimized diffusibility of the active substance.

Oils rich in polyunsaturated fatty acids behave as adjuvants that can modulate the activity of certain antibiotics [28]. The oils from L. dentatus potentiated the
activity of Ciprofloxacin, Amoxicilin, Tetracycline, Gentamicin and Chloramphenicol on all the bacteria tested with the exception of Y. enterocolitica, S. flexneri
and S. aureus where an antagonistic effect was observed.

Conclusion

The antibacterial activity of oil from L. dentatus adipose tissue is of particular interest for pharmaceutical industries. Thus, this oil could help in the treatment
of foodborrne infections or used as food supplements to improve the effectiveness of some antibiotics.

Abbreviations

MIC: Minimum Inhibitory Concentrations; ATCC: American type culture collection; INT: P-iodotetrazolium chloride
Declarations
Acknowledgements

Page 7/10



The authors are grateful to Professor KUETE Victor for kindly gift of bacterial strains
Funding

Not applicable

Availability of data and materials

The dataset supporting the conclusions of this article is included within the article.
Authors’ contributions

RSM conceived the work, participated in the field work and initiated the manuscript; HMW participated in the field work and supervised the work, BSN, FNN and
RZ participated in the field work. ADDN participated in the field work and manuscript writing. FT helped in data analysis and supervised the work. It should be
noted that all the authors read and approved the final manuscript.

Authors’ information

Not applicable.

Ethics approval and consent to participate
Not applicable.

Consent for publication

Not applicable.

Competing interests

The authors declares that there are no competing interests

References

1. Ruasse Jean-pierre. 2018. « Alimentation (aliments)-Risques alimentaires », Encyclopedia Universalis, consulté le 15 mars 2018. URL: http:// www.
Universalis.fr/ encyclopedie/alimentation-alimentation-aliments-risques-alimentaires.

2. OMS (Organisation Mondiale de la Santé). Model Prescribing Information-Drugs used in bacterial infections. Genéve: OMS; 2010. 2 p.

3. Desobry S, Belin L, Bretagne D, Degobert S, Estevez A, Fouin M, Kieffer F, Laurent N, Loubet |, Renauld A, Voisin S. 2016. Les émulsions d’huiles
essentielles pour la santé animale. 67 p.

4. Belleti B Diamond J. pyloriccaeca of fish: a new absorptive organ. Am Journal of physiology. 2004;252:65-76.

5. Chitra S, Radhakrishman C. Antibacterial Activities of Polyunsatured fatty acid extracts from sardinnella longiceps and sardinella fimbriata. Indian journal
of geo-marine sciences. 2011;40(5):710-6.

6. Mouokeu R, Womeni H, Njike N, Tonfack D, Djopnang D, Tchoumbougnang F. Chemical composition and antibacterial activity of oils from Chrysicthys
nigrodigitatus and Hepsetus odoe, two freshwater fishes from Yabassi, Cameroon. Lipids in Health Disease. 2018;P:10.

7. Molla R, Asaduzzaman A, Rashid M, Aowrongo Z, Uddin.S. Extraction and Characterization of Oil and Lecithin from Boal (Wallagoattu) Fish. Journal of
Food Nutrition Research. 2015;3:10661-6.

8. FAO. 2018. La situation mondiale des péches et de I'aquaculture 2018. Atteindre les objectifs de développement durable. Rome. Rome. Licence: CC BY-NC-
SA3.01GO. 254 p.

9. FAO/DANIDA. 2001. Contribution d'experts FAO/DANIDA (Bangkok, 18—30 mai 1998) Directives pour la collecte réguliere de données sur la péche de
capture. Rome: FAO- Division de l'information. 123 p.
10. AFNOR (Association Frangaise de Normalisation). 1981. Recueil des normes francaises. Corps gras, graines oléagineuses, produits dérivés. 22™e édition,
AFNOR, Paris, France. 438 p.
11. IDF (International dairy fédération). 1991. Antibiotics - protein synthesis, nucleic acid synthesis and metabolism. Microbiology and Immunology on-line.

12. AOCS (American Oil Chemists Society). 1987. Official Methods and Recommended Practices of the AOCS. 5th Edition, Champaign, IL (USA),
Recommended Practice (Ca 5¢-87).

13. (CLSI) Clinical and Laboratory Standards Institute. 2015. Methods for dilution antimicrobial susceptibility test for bacteria that grow aerobically: approved
standard. 10°™€ Edition, CLSI Document M07-A10, PA: Clinical and Laboratory Standards Institute.

14. Oussou K, Yolou S, Tue B, Kanko C, Boti J, Ahibo C, Casanova J. Etude chimique bio-Guidée de Lhuile Essentielle de Ocimum gratissimum (Lamiaceae).
Eur J Sci Res. 2008;40(1):50-9.

15. Prinderre A, Piccerelle A, Cauture A, Kalantzis B, Reynier A, Joachim A. 1998. Formulation and evaluation of o/w emulsions using experimental design.
International Journal of Pharmaceutics. Volume 163, Issues 1-2, 18 March 1998, Pp 73-79.

Page 8/10



16.

17.

18.

19.

20.

Mouokeu R, Njateng G, Ngono N, Kuiate J, Kamtchueng M. Antifungal and antioxidant activity of Crassocephalum bauchiense (Hutch.) Milne-Redh ethyl
acetate extract and fractions (Asteraceae). BMC Research Notes. 2014;7:244.

Djeussi E, Noumedem A, Seukep J, Fankam A, Voukeng K, Tankeo S, Nkuete H, Kuete V. Antibacterial activities of selected edible plants extracts against
multidrug-resistant Gram-negative bacteria. BMC Complementary Alternative Medicine. 2013;13:164.

Eloff J. A sensitive and quick micro plaque method to determine the minimal inhibitory concentration of plant extracts for bacteria. Planta Medica.
1998;63:711-3.

Coutinho H, Vasconcellos A, Freire H, Gadelha C, Gadelha T, Almeida G. Natural products from the termite Nasutitermes corniger lower aminoglycoside
minimum inhibitory concentrations. Pharmacognosy Magazine. 2010;6:1-4.

Weber J, Bochi V, Ribeiro C, Victorio A, Emanuelli T. Effect of different cooking methods on the oxidation, proximate and fatty acid composition of silver
cat fish (Rhamdia quelen) fillets. Food Chem. 2008;106:140-6.

21. CODEX ALIMENTARIUS, Normes Alimentaires, Mondiales, CXS 329-2017 (2017). Norme pour les huiles de poisson adoptée en 2017.

22. Tynek M, Hazuka Z, Pawlowicz R, Dudek M. Changes in the frying medium during deep frying of food rich in proteins and carbohydrates. J Food Lipids.
2001;8:251-61.

23. Eymard S. Mise en évidence et suivi de 'oxydation des lipides au cours de la conservation et de la transformation du chinchard (Trachurus trachurus). In:
Thése de Doctorat. France: Ecole polytechnique de I'Université de Nantes; 2003. p..p 25-45.

24. Guillen MD, Ruiz A, Cabo N. Study of the oxidative degradation of farmed salmon lipids by means of Fourier transformin frared spectroscopy. Influence of
salting. J Sci Food Agric. 2004;84(12):1528~-34.

25. Cuvelier M, Maillard M. 2012. Stabilité des huiles alimentaires au cours de leur stockage. 19(2): 125-132.

26. Guillén M. D., Cabo N. 1997. “Infrared Spectroscopy in the Study of Edible Oils and Fats,” Journal f the Science of Food and Agriculture, Vol. 75, No. 1,
1997, pp. 1-11. doi:10.1002/(SICI)1097-0010(199709)75:1<1::AID-JSFA842>3.0.CO;2-R

27. Chime SA, Kenechukwu FC, Attama AA. Nanoemulsions - Advances in Formulation, Characterization and Applications in Drug Delivery. In: Sezer AD.
Application of Nanotechnology in Drug Delivery. Rijeka: InTech; 2014. pp. 77-126.

28. Desbois A, Smith V. 2010. Antibacterial free fatty acids: activities, mechanisms of action Descartes, France. 25 p.

Figures

- Strip of o1l obtained by cooking at 95 °C

—— Strip of o1l obtained by drying at 45°C
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Figure 1

Selected regions (a)-(d) of FTIR spectra of lipids extracted from L. dentatus as function of extraction methods
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