
 

14 
 

Quality control of the biologicalproperties of hydrazide-
hydrazonederivativesfromstrainsresponsible for foodpoisoningisolatedfromfoodsold on 
the corridors of the town of Daloa (Côte d’Ivoire) 

 

 

 

Abstract : 

Bacteria are a real public healthproblembecause of theirinvolvement in manydiseases. 

Theirresistance to antibiotics has become one of the most important problems in the 

fightagainstinfectiousdiseasesworldwide. The aim of thisworkis to evaluate the 

antibacterialactivity of hydrazide-hydrazonederivativesagainstenvironmentalstrainsusing the 

agar diffusion method in cups and the macro-dilution method in liquid medium. 

In thiswork, a surveywasconductedamongfoodvendors on the four security corridors of the 

city of Daloa. A structured questionnaire wasadministered to 127 vendors and a total of 60 

foodsampleswerecollectedfrom the four corridors and analysed. 

The resultsindicatethat the majority of food sales at thesesecurity corridors are carried out by 

women (88.12%).  The vendorsweremostlyadults (59.84%) agedbetween 15 and 35, with no 

formaleducation (50.39%). Microbiologicalanalysis of the 2 types of foodshowed the 

presence of enterobacteriaabove the recommendedthresholds. With regard to the 

biologicalpropertiesexplored, four substances (AEV5, AB2, AB3 and AB5) 

revealedantibacterialactivity. The MBC/MIC ratio of all these substances beinglessthan 4 

indicatesthatthesesynthesised substances all have bactericidalactivity. As a result, substances 

derivedfrom S-alkylation and Mannich bases can beused to combat bacterial infections. 

Keywords:biologicalproperties, hydrazide-hydrazonederivatives, foodpoisoning, 

bacterialstrains, enterobacteria, food, Daloa 

Introduction 

Food is the first consumer good used to satisfy the primaryneeds of everyhumanbeing. The 

quality of thisfoodis vital to the health of consumers(Fung et al., 2018).Food is the main 

source of micro-organismswhenitis not eaten in a healthyway. Everyyear, several million 

people sufferfromfood-borne illnesses(Kirk et al., 2015 ; Fung et al., 2018). Thesefood-

borne illnesses are generallyknown as foodpoisoning. They are diseasesthat are 

ofteninfectious and accidental, contracted as a result of 

ingestingfoodcontaminatedwithpathogenicbacteria. Such contamination 

generallyresultsfrominadequatefood handling, preservation or cooking methods(Ferreira et 



 

 

al., 2013). Theseinfectiousdiseases are a global concern. The number of cases of 

foodpoisoningisconstantlyrisingaround the world. Everyyear, there are more than 600 

million cases of foodpoisoning in the world (OMS, 1996; Fleckenstein et al., 2021). There 

have been numerous cases of foodpoisoning in Côte d'Ivoire. In May 2022, in the town of 

Bondoukou, in the east of the country, around a hundred people agedbetween 2 and 32 

sufferedfromfoodpoisoningaftereating a dairyproductsold in an icecreamparlour(Ministère 

de la santé, 2022).Food-borne diseases are thereforea major concern for 

governments(Bernard, 2014).Most are caused by bacteriasuch as Listeria monocytogenes, 

Escherichia coli, Staphylococcus aureus, Salmonella spp, Clostridium spp and 

Campylobacter spp(Antunes et al.,2020;Vieira et al., 2021).Antibiotics are 

mostcommonlyused to treatthis condition. Unfortunately, the misuse of antibiotics and the 

horizontal transfer of resistancegenes have led to the emergence of bacteriaresistant to 

certain antibiotics. Among the concernsraised by this issue, bacterialresistance to antibiotics 

has been recognised by the World Health Organisation as one of the mostseriousthreats to 

global health, foodsecurity and development. Its spread could change medicine in the 

comingyears. Antibioticresistanceis all the more worryinggiventhat the use of 

antibioticsisoftenuncontrolled(Pons et al., 2014). Facedwith the constant threat of infectious 

agents, itis essential to find new antimicrobialmolecules. Hydrazide-

hydrazonederivativescouldoffer an alternative for better management of cases of 

foodpoisoning(Popiołek, 2017). Indeed, these substances are apotential source for 

strengthening the fightagainstbacteriathat are increasinglyresistant to antibiotics. The main 

objective of thisworkis to evaluate the antibacterialactivity of hydrazide-

hydrazonederivativessynthesised on strainsisolatedfromstreetfoodssold in the commune of 

Daloa. 

The specific objectives were to 

-To search for the presence of germsresponsible for foodpoisoning in foodstuffssold on the 

four security corridors in the town of Daloa; 

-To demonstrate the antibacterialeffect of hydrazide-hydrazonederivatives on 

strainsfromfoodstuffs; 

- determine the antibacterialparameters (Minimum Inhibitory Concentration, Minimum 

Bactericidal Concentration) of these substances. 

Materials and methods 

Materials 



 

Presentation of the study area 

Located in the centre-west of Côte d'Ivoire, with a population of 705,378 (INS, 2021), the 

town of Daloa is 141 km from the political capital Yamoussoukro and 383 km from 

Abidjan, the economic capital. Geographically, Daloa islocated at latitude 6°53 north and 

longitude 6°27 west. It is the capital of the Haut Sassandra region. It is the largesttown in the 

west of the country. It is a major crossroadslinking the West with the North and the West 

with the South of the country via national roads. Fromnorth to south, it links the towns of 

Issia and Vavoua, and fromeast to west, itconnectsDuékoué to Yamoussoukro. 

 

 

 

 

  

 

 

 

 

Figure 1:Map of the town of Daloa (Bolou, 2021) 

 

Biologicalmaterial 

Bacterialstrains 

The microbial support consists of : 

-Bacterialstrainsisolated and identifiedfromfoodstuffssold on the various corridors. A total 

of six (6) strainswereselected. Thesewere four (4) strains of E.colicodedE.coli A1, E.coli A2, 

E.coli A3, E.coli A4 and two (2) strains of EnterobacteriaceaecodedEnt P1, Ent P2.  

-A strain of E. coliresistant to thirdgenerationcephalosporins (C3G ®) from the bio-

collection of the Centre Nationale de Référence des Antibiotiques of the Institut Pasteur 

(Abidjan, Côte d'Ivoire) used for quality control of the tests. 

Othermaterials 

-Hydrazide-hydrazonederivatives and mannich bases : 4 codified substances (AEV3, 

AEV5, AEV6, AEV8) derivedfrombenzimidazole S-alkylation and 5 codifiedmannich base 

substances (AB2, AB3, AB4, AB5 and AB7) synthesised and described as new bioactive 



 

 

moleculeswereprovided by the Laboratory of Constitution and Reaction of Matter, 

Departement of Sciences of Structures of Matter and Technology, Félix Houphouët-Boigny 

University, Abidjan, Côte d’Ivoire for thisstudy. 

Methods 

Socio-demographicsurvey 

A socio-demographicsurvey of the varioussecurity corridors (Man, Issia, Bouaflé and 

Vavoua) wascarried out over a period of one month (from 31 March to 30 April 2022). The 

surveysought information on the age, gender and level of education of the vendors. It 

alsolooked at the hygienic state of foodpreparation, conditions of sale, conditions of 

foodpreparation and storage, and the level of knowledge about hygiene practices among 

male and femalevendors. 

Sample collection and transport  

Food sampleswerecollected on four security corridors in the city of Daloa, namely the Issia 

corridor (South), the Vavoua corridor (North-West), the Bouaflé corridor (East) and the Man 

corridor (West). A total of 30 solidfoodsamples and 30 

liquidfoodsampleswerecollectedfromvendors. Samplesweretakenaseptically. The 

sampleswerepackaged in labelledsterile jars, thenplaced in a coolercontaining an 

iceaccumulator and transported to the laboratory. 

Research and isolation of strains 

The preparation of the mother suspension of samples and decimal dilutions wascarried out in 

accordance with standard NF EN ISO 6887-1, 2017, whichdefines the generalrules for the 

preparation of the mother suspension and dilutions. Culture media wereprepared and used in 

accordance with the manufacturers' instructions. Two types of inoculation werecarried out. 

Surface inoculation for the detection of E.coli on Rapid'E.colimedium (Bio-Rad, France) 

and inoculation in the mass with VRBL (Biokar, France) and VRBG (Biokar, France) media 

for the detection of Enterobacteriaceae.Cultures wereincubated at 37°C for 24 hours. 

Colonies wereread and counted, identified and preservedin 10% glycerol water. 

Preparation of solutions of hydrazide-hydrazonederivatives and mannich bases 

Stock solutions of the chemical substances wereprepared at a concentration of 16 µg/mL. 

The substances in powderformwere first diluted in ethanol at 96°C. 

Sensitivitytesting and determination of inhibition diameters 

The Mueller-Hinton agar diffusion technique used by Bssaibiset al.in 2009 wasused in 

thisstudy. This technique involvedobtainingyoung colonies transplanted onto nutrient agar 



 

 

using the streakmethod. A bacterial inoculum estimated at 106 bacteria/mLadjusted by 

opacity to 0.5 Mc Farlandwasprepared in physiological water (Nacl 0.9%). 1 mL of this 

inoculum wasthenswabbed onto Muller-Hinton agar (GMH, Bio-Rad, France). Cups were 

made by sinking the large end of a sterile Pasteur pipette into the inoculated Muller-Hinton 

agar and left to dry. These plates werethenfilledwith 50 µL of the chemicalpreparation and 

incubated at 37°C for 24 hours. The inhibition diameterswerethendetermined by 

calipermeasurement. The effectiveness of the substances wasassessedaccording to the 

criteria of Ponce et al (2003). Thus, a substance issaid to be ineffective if the inhibition 

diameterislessthan 8 mm, effective if the diameterisbetween 9 and 14 mm, very effective for 

a diameterbetween 15 and 19 mm and extremely effective if the diameterisgreaterthan 20 

mm. 

Determination of antibacterialparameters Minimum Inhibitory Concentration (MIC) 

and Minimum Bactericidal Concentration (MBC) 

Antibacterialparametersweredetermined for the so-called effective substances using the 

liquid macro-dilution methoddescribed by (Koné et al., 2004). 

Preparation of the bacterial inoculum 

A bacterial inoculum waspreparedfrom a youngcolonyin 10 mL of sterile MH broth and 

incubated at 37°C for 3 hours. Then 0.3 mL of thispre-culture wasdilutedin 10 mL of sterile 

MH broth and homogenised. 

Preparation of test concentration ranges 

 A concentration range for the test substances wasobtainedusing the double dilution method. 

A stock solution with a concentration of 1000 µg/mL (2mg in 2ml of 70° ethanol) 

wasprepared. A series of 2-fold dilutions were made fromthis solution to obtain 

concentration ranges from 500 µg/mL to 7.81 µg/mL.) Then, in sterilehaemolysis tubes, 1 

mL of each concentration range of the substance wasbroughtinto contact with 1 mL of 

bacterial inoculum. In a growth control tube, 1 mL of steriledistilled water wasadded to the 

inoculum, while 2 mL of sterile Muller-Hinton broth (MHB) wasadded to the sterility 

control.The preparationswereincubated for 24 hours at 37°C. Afterwards, observation with 

the nakedeyewascarried out and the lowest concentration for which no 

bacterialgrowthwasobservedwith the nakedeyecorresponded to the MIC.       

 The MBC isdetermined by transferring a sample of the tubes showing no growth to a fresh 

medium devoid of the molecules to betested. This involveddiluting the starting inoculum 

from 10-1 to 10-4 and inoculatingthesedifferent dilutions using a calibrated 2 µL loopin 5 

cm long streaks on Muller-Hinton agar, thenincubating at 37°C for 24 hours (preparation A). 



 

 

Afterreading the MICs, the contents of tubes in whichtherewas no visible growthwereused to 

inoculate the GMH on 5 cm long streaks (preparation B). The MIC wasdetermined by 

comparing the bacterialgrowth of preparations A and B. The smallest concentration in the 

tube withlessthan 0.01% viable bacteriacomparedto the initial inoculum is the MBC.  

The MBC/MIC ratio wasalsomeasured to show the bacteriostatic and bactericidaleffects of 

betelleaves. If the ratio is ≤2, the samples are considered to bebactericidal agents. The 

bacteriostatic mode of action isreflectedwhen the ratio is ≥4 (Konaté et al., 2012 ; Abdi et 

Dego, 2019 ; Nayakaet al.,2021). 

Statisticalanalysis 

All tests werecarried out in triplicate and the numerical values obtained are expressed as the 

arithmeticmean plus the correspondingstatistical standard deviation. STATISTICA 7.1 

software wasused for these analyses.Analyses of variance (ANOVA) based on multiple 

DUNCAN tests with a significancelevel of 5% wereperformed in order to compare the 

variables measured on differentstrainswith the substances tested. Means, standard deviations 

and graphs wereproducedusing EXCEL 2016. 

Results and discussion 

Results 

Socio-demographic profile of the people surveyed and theirlevel of knowledge about 

hygiene 

The results of the survey of foodvendors in the four corridors are shown in table I below. In 

terms of gender, the results show that 11.82% of vendors are men and 88.12% are women. 

In terms of level of education, vendors are poorlyeducated. Only 7.08% 

hadcompletedhighereducation, 27.55% hadattendedsecondaryschool, 14.96% 

hadcompletedprimaryschool, and 50.39% had no education at all. In terms of age, 15.74% of 

sellers are under 14, 59.84% are between 15 and 35, and 24.42% are over 36. In terms of 

knowledge of hygiene, the results show that 54.5% of respondents have someknowledge of 

hygiene and 45.5% have no knowledge of hygiene. 

Table I:Socio-demographic profiles of vendors on the various corridors 

Socio-demographic profilesStaffFréquency (%)    

Sex Male15   11,82                  

Female112                                 88,12                                                                                                     



 

 

Age                       0-14 years20                                   15,74                  

 15-35 years76                                   59,84                  

                          35 years and over             31                                   24,42   

Level of study           No level of education64                                50,39               

Primary 19                                   14,96                       

Secondary5                              27,55                   

                                              Supérieur                      9                                  7,08      

Level of hyigiene Oui                       69                           54,5 

knowledge Non                     5845,5   

 



 

 

Antibacterialeffect of chemicalsderivedfrombenzimidazole S-alkylation on 
bacterialstrains 

Table II below shows the inhibition diameters of the four benzimidazole S-alkylation 

substances (AEV3, AEV5, AEV6 and AEV8) on strainsisolatedfromfood. It 

shouldbenotedthat the four substances were ineffective on the 4 

E.colistrainsisolatedbecausetheyhad an inhibition diameter of lessthan 9 mm. The substances 

AEV5 and AEV8 werehighly effective and effective respectivelyonly on the Ent P2 

strainwithdiameters of 17.3 mm and 10 mm. On the Ent P2 strain, all the substances in 

thischemical group werefound to have no antibacterialeffect. 

Table II:Diameters (mean ± SD) of the zones of inhibition of chemical substances 

derivedfrombenzimidazole S-alkylation on bacterialstrains 

 

Bacterialstrains 

Inhibition diameters (mm) 

S-alkylation benzimidazole 

AEV3 AEV5 AEV6 AEV8 

E. coli A1 0,8±0,1bb 5,3±0,6a 0,6±0,2b 0,5±0,0b 

E. coli A2 0,7±0,2a 0,8±0,1a 0,7±0,2a 0,7±0,0a 

E. coli A3 0,7±0,1b 7,2±0,6a 0,7±0,2b9 0,5±0,0b 

E. coli A4 0,7±0,2a 0,7±0,1a 0,6±0,2a 0,9±0,0a 

Ent P1 0,6±0,2c 17,3±0,6a 0,8±0,1c 10±0,0b 

Ent P2 0,8±0,1a 0,6±0,2a 0,7±0,2a 0,5±0,1a 
NB: Values with the sameletter are statisticallyidentical, at the 5% threshold. 

 

Effect of variousMannich-basedchemicals on the in vitrogrowth of bacterialstrains 

The results of the sensitivity of bacterialstrains to Mannich-based substances are presented 

in Table III. All the substances were ineffective on the Ent P2 strain. No zone of inhibition 

wasobserved. The resultsalso show that the substances AB2, AB3, AB4 and AB7 are 

extremely effective on the E. coli A2 strainwithdiametersbetween 21 and 27 mm and 

similarly for AB2 and AB3 on the E. coli A1 strainwithdiameters of 21.0 ± 0.0 and 23.0 ± 

0.0 respectively. The largest inhibition zone diameterswereobserved on E. coli A2 (27.0±0 

mm) for AB2 (Table III).   



 

 

Table III:Diameters (mean ± SD) of the zones of inhibition of Mannich-based 
substances on bacterialstrains 

 

Bacterialstrains 

Inhibition diameters (mm) 

Mannich-based 

AB2 AB3 AB4 AB5 AB7 

E. coli A1 21,2±0,8b 23,0±0,0a ─ 18,3±0,5c 13,0±1,6d 

E. coli A2 27,9±1,4a 24,5±2,5b 21,2±0,8c 16,3±0,2d 22,6±1,4bc 

E. coli A3 17,2±0,7b 17,0±0,2b 12,3±0,7c 19,0±0,0a ─ 

Ent  P1 17,0±1,3a 15,3±0,7a 14,0±0,8a 19,0±1,2a 10,0±0,8a 

Ent  P2 ─ ─ ─ ─ ─ 

NB: Values with the sameletter are statisticallyidentical, at the 5% threshold. 

Antibacterialparameters of synthesisedchemicals 

Table IV presents the results of the determination of antibacterialparameters (MIC, MBC 

and MBC/MIC) of the substances thatshowed an inhibitory action on the bacterialstrains by 

their inhibition diameter. Thesewere AEV5 and AEV8 on the Ent P1strain, AB2 on E. coli 

A2, AB3 on E.Coli A1 and AB5 on Ent P1. The MBC/MIC ratio for all the substances 

waslessthan 4. The substances all have bactericidal power on the bacterialstrainsused. 

 

Table IV:Antibacterialparameters of benzimidazole S-alkylation derivatives and 

Mannich bases 

S-alkylation benzimidazole Mannich-based 

 AEV5 AEV8 AB2 AB3 AB5 

Bacterialstrains 

 Ent P1 Ent P1 E.coliA2 E.coliA1 Ent P1 

MIC (µg/ mL) 31,25 31,25 125 62,5 62,5 

MBC (µg/ mL) 62,5 62,5 250 62,5 125 

MBC/MIC 2 2 2 1 2 

Effect Bactericidal Bactericidal Bactericidal Bactericidal Bactericidal 

 



 

 

Discussion 

The aim of thisworkwas to evaluate the antibacterialactivity of the chemical substances 

synthesised on bacterialstrainsresponsible for foodpoisoning. The 

strainswereisolatedfromfoodsold on the varioussecurity corridors in the town of Daloa. The 

socio-demographicsurvey on the sale of food at thesevarious corridors 

revealedthatthisactivityismainlycarried out by women (88.12%), comparedwith 11.82% for 

men. Vendors are generallyveryyoung, with 59% agedbetween 15 and 35, and the 

vastmajority have no formaleducation.Thesesame observations have been made by Khomotso 

and Chelule (2020) and also by Attienet al (2021), in fact the commercial activity of 

streetfood in Africaismostlycarried out by women and especiallythatlinked to catering.  In 

fact, according to Rahman et al (2016), the predominance of women in the 

streetfoodsectorcouldbe due to the factthatwomen are the main breadwinners in the majority 

of households. The results of the microbiologicalanalysis of the variousfoodstuffsrevealed the 

presence of microorganismssuchas:enterobacteria, faecalcoliforms and E. coli.Thesegerms 

have also been found in streetfoods in the work of certain authorssuch as Mosupye and Von 

Holy (2000), Attienet al, (2022) and Zébré et al, (2022). The presence of thesegerms in 

thesefoodsisthought to be due to handling by the vendors. Thesegerms are indicators of 

poorhygiene. They are evidence of faecal contamination (Koffi-Nevryet al., 2012). Hygiene 

conditions and the practices of food handlers in sales outlets are generallyinadequate (Attienet 

al.,2022; Zébré et al., 2022).A lack of understanding of the concept and importance of 

hygieneisthought to bebehind the high levels of contamination in the varioussamplesanalysed 

(Cardinale et al.,2005;Attienet al., 2021). Consumer healthisthereforebecoming a global 

concern. In order to combat food-borne illnesseseffectively in the face of the growingthreat of 

bacteriaresistant to conventionalantibiotics, new 

chemicalmoleculesderivedfrombenzimidazole S-alkylation and Mannich bases have been 

synthesised and tested on bacteriaisolatedfromfood. The resultsobtainedwith the 

benzimidazole S-alkylation substances show thatonly the Ent P1 strainis sensitive to the 

AEV5 and AEV8 substances.This observation islesssurprisinggiventhatenterobacteria are 

highlyresistant to antimicrobials (Iredellet al.,2016; Li et al., 2021). According to Zniberet al, 

(2009), the lack of effectcouldbeexplained by takingintoaccount the structure of the 

moleculetested (the size of the molecules) as well as the physiology and geneticpotential of 

the targetcell. But according to Iredellet al, (2016), Enterobacteriaceaeresistance to 

antibiotics, particularly β-lactamantibiotics, isincreasinglydominated by the mobilisation of 

single continuouslyexpressedgenesthat code for effective drug-modifying enzymes. As for 



 

 

Mannich-based substances, they have almost all shownantibacterialactivity on all strainswith 

the exception of the Ent P2strain.The antibacterialactivity of these substances has been 

demonstrated in severalpreviousstudies. Indeed, thisfamily of substances is effective on both 

Gram+ and Gram- bacteria (Gheorghe, 2015). Determination of the antibacterialparameters 

shows that the substances have an antibacterialeffect.  The MBC/MIC ratio islessthan 4. 

These substances couldthereforebeused as antibacterial agents. 

Conclusion 

This work made it possible to demonstrate the effectiveness and in vitro antibacterial 

properties of derivatives resulting from S-alkylation and Mannich-based substances on six 

bacterial strains (four (4) strains of E. coli and two ( 2) strains of enterobacteria) isolated from 

foods.The MICs obtained ranged between 31.25 and 125 µg/mL. As for the CMBs, they were 

between 31.25 and 250 µg/Ml. CMB/MIC ratios indicated chemicals with bactericidal 

activity. These results made it possible to conclude that some of these synthesized chemical 

compounds have antibacterial properties. Thus, these molecules could contribute to the fight 

against bacterial infections. 
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