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Assessment  of  healthriskslinked to  consumption  of
Bissap,anonalcoholic drink produced in an artisanal mannersold
In the streets of the town Daloa (Coted’Ivoire)

ABSTRACT

Ready-to-eat Bissap juiceisoftenclassified in the streetfood group. The unhygienic conditions
in which Bissap juiceisprepared pose risks, sometimesleading to microbial contamination. The
general objective of thisworkis to evaluate the diversity of pathogenicmicroorganisms in
Bissap juicessold in the city of Daloa. To achievethis objective, a
consumptionsurveywascarried out. Counts and isolations werecarried out to assess the
microbiologicalquality of juicessold in the streets.
Physicochemicalparametersweredetermined. These are Brix and pH. Salmonellawasscreened
for in the juicessoldusing the NF-VV08-52 standard. The surveyrevealedthatwomen consume
more Bissapjuicesold in the streetsthan men with a rate of 52% respectivelycompared to a rate
of 48%. The Mandé representhalf of the consumerswith 50%, followed by the Akan with a
rate of 30%, the Krou with a rate of 14.70%. Young people agedbetween 20 and 30 consume
more Bissap juicewith a rate of 47.30%. Consumers of Bissap juice come fromvarious
professions. Consumers have experienceddiscomfortcharacterized by diarrhea, vomiting, fever
and stomachbloating. Microbiologicalanalysisrevealed the presence of microbial flora of
alteration and contamination. These are total flora, fungal flora and enterobacteria. There
wasalso the presence of flora of fecaloriginsuch as fecalcoliforms. The Bissap
juicesamplesanalyzedcontainpotentiallypathogenicbacterialspecies in particularStaphylococcus
aureus andBacillus cereus.Thesamplesanalyzedoverall are compliant for
fecalstreptococci,Escherichia coli andClostridium perfringens.As for
MesophilicAerobicGerms, fungal flora, enterobacteria, fecalcoliforms, Bacillus cereusthe
results are unsatisfactory. The pH of the differentjuicesisveryacidic, rangingfrom 1.59+0.46 to
2.45+0.65. Alsosome of the juicesamplesanalyzed have very high sugarlevels (34.67 £ 2.52).
Bissap juicessold in the streetsrepresent a danger for the population of Daloa.
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1. INTRODUCTION

Rapid urbanization and multiple constraintsincluding the distance betweenworkplaces and
homes, poverty, the development of women'sactivity, the breakdown of familysolidarity and
the appearance of new food styles have made streetfood essential in major Africancities.
Thesefoods are defined as ready-to-eatfoods and beveragesprepared and/or sold by street or
stationaryvendors[1]. The consumption of thesestreet drinks has grownconsiderably in all the
major cities and towns of the West Africansub-region [2] [3]. On the streets of the town of
Daloa, refreshing drinks of local production are commonlyencountered. It's about
"Bissap".Thebeverage "Bissap» is made from the flowersofHibiscussabdariffa. This refreshing
drink can beconsumedalone or withfamily and evenduringceremoniessuch as weddings or
baptisms [2].

However, duringprocessing and artisanal ~manufacturingprocesses, this drink can
becontaminated by variousmicroorganismsincludingpathogens. Indeed, the
preparationequipment and the lack of application of the rules of good production hygiene
practices can negatively influence the microbiologicalquality of this drink. The consequence of
theseuncontrolled productions oftengenerateshealthproblems,
sometimeswitheconomiceffectsthat are difficult to manage [4] [5]. In addition, streetfoods are
frequentlyassociatedwithinfectiousdiseases and severalmicrobiologicalanalyzes have revealed
the presence of numerouspathogenicmicroorganismswithloadsexceeding standards [6][7] [8].
Moreover, severaldiseaseoutbreaks have been attributed to this drink in various places around
the world and certain infections have been reported in populations consumingthesestreetfoods
[9] [10].However, itisnecessary to guarantee the health of populations and promote the quality

of suchproductsgiven the multiple issues linked to local production and consumption.

Althoughknown to the populations of Daloa, thereislittle information on the artisanal soft
drinks sold in the streets and the healthriskslinked to theirconsumption, more specifically on
theBissap. The theme of thisstudyistherefore: “Study of microbiological contamination and
assessment of healthriskslinked to the consumption of a nonalcoholic drink: theBissapcraftsold
in the streets of Daloa. The general objective of thisstudyis to study the microbial
contamination ofBissapof the city of Daloa and to assess the healthriskslinked to

itsconsumption.



2. MATERIAL AND METHODS
2.1. Collection of data
To carry out the survey, a consumptionsurveysheetdedicated to

juiceconsumersBissapwasconceived. The population surveyedis made up of passers-by
encountered in the main streets and secondarystreets of the abattoir 2 (Adja mosque) and
University of Daloa and bus station districts, and volunteering to answer the questionnaire. In
total, 150 people wereinterviewed. The surveyconsisted of a direct interview with the
volunteers. This interview focused, amongotherthings, on the socio-demographic profile (age,
level of education, etc.) of the consumer, theirknowledge of juiceBissap, its mode and
frequency of consumption of this non-alcoholic drink and the appearance of possible

symptoms of foodpoisoning (vomiting, diarrhea, etc.) linked to itsconsumption.

2.2 .Sampling
Non-alcoholic drinks weresampled at the different sites selected for the study. A total of 30

juicesamplesfromBissapof 10 ml eachwastaken. Juice samplesfrom Bissapwerecollected at six
sites. These are three sites in the Abattoir district, two sites in the shopping district and one site
in the Tazibouo district. Approximately five sampleswerecollected per purchase per site. Once
collected, the sampleswerecarefullylabeledwith an individual identification number and

transported in coolerscontainingice packs to the laboratory for analysis.

2.3. Microbiologicalanalyzes of collectedsamples
The NF EN 1SO 6887-1, 2017 standard wasused as a reference for producing the stock

suspension and decimal dilutions. To do this, a quantity of 25 grams of
eachsampleisweighedusing a balancethenadded to a sterilestomacherpapercontaining 225 ml of
Buffered Peptone Water. The mixture obtainedwashomogenized for 1 minute to obtain the
mother suspension whichwasleft to stand for 30 min at laboratorytemperature for revivification

of the microorganisms.

2.4. Culturing of microorganisms
- Duringwork, seedingtookintoaccount the different flora microbialalterationssuch as

fungal flora, mesophilic flora and coliforms. To do this, one milliliter of each dilution



obtainedisintroducedinto the Petri dishes. A quantity of 20 ml of previouslyprepared medium
ispouredinto the Petri dish. The wholethingiswellhomogenized. The seeded plates are left on
the benchfor solidification agar. The plates thussolidified are incubated at 25°C for 7 days for
the counts of yeasts and molds, at 30°C for 24 hours for thermotolerantcoliforms and at 30°C
for 72 hours for mesophilicaerobicgerms. Anotherquantity of 0.1 ml of eachdecimal dilution
concernedisplaced in a Petri dishcontaining 20 ml of agar previouslyprepared and poured.
Then the 0.1 mL are spread on the surface of the agar using a sterilespreader. The inoculated
plates are incubated at 45°C for 24 h for the research and enumerationofE.coli, at 37°C for 48
hours for streptococci, at 30°C for 24 to 48 hours for the enumeration of
vegetativeformsofBacillusand at 37°C for 24 to 48 hours for the research and enumeration
ofStaphylococcus aureus.

- For the search and enumeration of spores ofClostridiumperfringensand of
Bacillus cereus, 10 mL of the inoculum istransferred to a screw test tube. The tube

isthentreated at 80°C for 10 minutes in a water bath and cooled in water containingice. This
treatmentcreates a thermal shockwhich causes the spores to explode. A quantity of 1 mL of the
dilutions retainedaftertreatment of the treated inoculum isinoculatedrespectivelyin 15 mL of
agar previouslyprepared and pouredinto a tube for Clostridium perfringens and 0.1 mLis
spread on the Mossel medium previouslyprepared and pouredinto boxes of Petri. The tubes are
thenreturned to water containingice for rapid solidification. The tubes thusinoculated are
incubated at 45°C for 48 hours for the search and enumeration of Clostridium perfringens and
at 37°C for 24 hours forBacillus cereus.

2.5. Research ofSalmonella
The researchofsalmonellawascarried out in four stages according to the reference standards

NF/ISO 6579 (2002) and NF-V08-52. These are pre-enrichment, enrichment, isolation and

identification.

2.6. Expression of enumerationresults
The number N whichrepresents the estimate of the microbial population

wascalculatedaccording to the followingequation
N (UFC/ g) = Y Ci

(N1 + O,lNz) d.Vv
N (CFU/g): Number of germs per gram of product;




> Ci: Sum of colonies counted on all plates retainedfrom successive dilutions;
V: Volume of inoculum applied to each plate (in ml);
nl: Number of boxes retained at the first dilution considered;
n2: Number of boxes retained at the second dilution considered;
d: Dilution factor corresponding to the first dilution retained.
2.7. Statisticalanalysis
The resultswereanalyzed by Excel 2013 software for descriptive analyzes and STATISTICA
7.1 software for one-wayanalysis of variance (ANOVA) at the threshold of o = 0.05 and
Tukey's HSD test wereusedrespectively. For the calculation and classification of averages. The

data collectedduring the surveywereenteredwith the SPHINX-LEXICA software and
thenprocessed and analyzedwith the SPHINX-LEXICA software

3. RESULTS

3.1. Profile of juiceconsumers Bissap
The surveyrevealedthatboth sexes consume the juice of Bissap. However, females consume
more juicefromBissapthanthose of the male sexwith a rate of 52% versus 48% respectively
(Figure 1A). As for the differentethnic groups who consume the juiceBissap, the Mandé
representhalf of the consumerswith 50%, followed by the Akan with a rate of 30%, the Krou
with a rate of 14.70%, the foreignerswith a rate of 3.30% and the Gours with a relativelylow
rate 2% (Figure 1B). Takingintoaccount the level of study, consumers at the secondarylevel are
the mostnumerouswith a rate of 37.30%, followed by those at the higherlevel 30.70%. Illiterate
people have a consumption rate of 19.70% and those at the primarylevel 12.70% (Figure 2A).
Young people agedbetween 20 and 30 consume more juiceBissapwith a rate of 47.30%,
followed by thoseunder 20 with a rate of 42.70%. Otherage groups consume
lessjuiceBissapwith respective rates of 7.30% for thoseagedbetween 30 and 40 years and
2.70% for thoseaged over 40 (figure 2B). Consumers of juiceBissaparefromvarious
professions. There are traders who consume much more with a rate of 37.30%, followed by
studentswith a rate of 34.70%. Studentswith a rate of 23.3% consume juice on average. Bissap.
As for civil servants, consumptionisrelativelylowwith a rate of 0.70% and the unemployedwith
a rate of 4.00% (Figure 3).
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Figure 3: Distribution of juiceconsumersBissapdepending on the profession

3.2. Risks associatedwithconsumption of juiceBissap
Analysis of the data collectedafter the surveyrevealedthat 27.30% of the population

experienceddiscomfortfollowing the consumption of juice.Bissapagainst 72.70% (figure 4). By



takinggender, more womenhaddiscomfortafterconsuming Bissap juicewith a rate of 36.10%
compared to fewer men with a rate of 19.20% (Figure 5). The surveyfoundthat people who are
youngerthan 40 yearsoldshowedless affection compared to people olderthan 40 yearsold. The
rates wererespectively 23.40% for the age group of lessthan 20 years, 29.90% for the
intervalbetween 20 and 30 years, 18.20% for the age group between 30 and 40 years and 75%
for people aged over 40 (Figure 6). The appearance of discomfortdoes not depend on the level
of education of consumers. In fact, higherlevelconsumers have higherlevels of discomfortwith
a rate of 32.6% thanthose in primaryschool and illiterateswithsimilar rates of 31%. Alsothose
in secondaryeducation have a rateestimated at 19.6% (Figure 7). Thesediscomforts are
characterized by conditions such as feverwith a rate of 3.30%, diarrheawith a rate of 20.70%,
stomachbloatingwith a rate of 2.70%. Around 0.70% of

consumersobservedotherundeterminedsymptoms (Figure 8).
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3.3.Evaluation of the microbiologicalquality of Bissap juice
3.1.1. Germs of contamination and alteration
The microbiologicalanalysiscarried out on the differentsamples of the juiceBissaprevealed the

presence of microbial flora of alteration and contamination. This is the total flora represented
by aerobicmesophilicgermswithaverageloadswhichvaryfrom 0+0 CFU/g to 9.7.10 “+4821
CFU/g; fungal flora designated by yeasts and moldswithaverageloadsoscillatingbetween 0x0
and 10.5.10 °+19284 and enterobacteriawithloadsvaryingbetween 0+0 and 4.1.10 °+6.4.10 ®
CFU/g (Table I).

Table I: Averageloads of juice contamination germsBissap

Samples Yeasts and Enterobacteria AerobicGerms
Mold Mesophiles
SITE | 1,5.10°+240,7*  7,6.10°+482,1*  4,6.10°+642,8°
SITE Il 6,5.10°+805, 3"  3.10°+2,7.10°0°  5,9.10°+482,1°
SITE 111 2,1.10°+160,7*  1,3.10%482 1°  1,9.10°+642,8°"
SITE IV 1,2.10°+160,7°  2,1.10°+160,7*  2,3.10°+1,4. 10°
SITEV 1,5.10°+#160,7%  3.10°+2,7.10°0° 1,3.10°+482 1°
SITE VI 1,2.10°+160,7°  1,4.10°+140,2%  4,6.10°+642,8°
Microbiologicalcriteria 10* UFC/g 10° UFC/g 10° FClg
3.1.2. Contamination germs of fecalorigin

The averageloads of juicesBissapat the level of the fecal flora analyzedvaryfrom one sample to
anothertakingintoaccount the parametersstudied. All loads of
differentjuicesamplesBissapanalyzed are below the criteria set by the microbiologicalquality
standard in force for fecalstreptococci. Concerningfecalcoliformsexceptsample E3, E6 and E7
which have high loads of 1.5.10 respectively; +321.4 CFU/g, 6.10,+2.2.10 CFU/g and
9.7.10*+1.7.10°CFU/qg all othersamples are free of fillers (Table I1).



Table I1: Averageloads of germs of fecalorigin in Bissap juice

Sampling Sites

Fecalcoliforms

Fecalstreptococci

SITE I 0+0° 0+0°
SITE I 0+0° 0+0°
SITE 1l 0+0°? 0+0°?
SITE IV 0+0° 0+0°
SITEV 0+0° 0+0°
SITE VI 0+0° 0+0°
Criteriamicrobiological 10° UFClg Absence

3.1.3.
samplesBissapanalyzedcontainpotentiallypathogenicbacterialspecies,

Juice

Potentiallypathogenicgerms

in

particularStaphylococcusaureusAndBacillus cereus. On the other hand, no charge Clostridium

perfringensnorofEscherichiacoliwas not found

Furthermore,

averagecostsofStaphylococcusaureusvaryfrom

in the juicesamples Bissap analyzes.

0+0 cfulg to

6.10°+2.5.10°CFU/g. At the level ofBacillus cereus, the highestloadis 1.1.10°+7.9.10%fu/g and
the lowestis 00+00 cfu/g (Table I11).

Table I11: Averageloads of potentiallypathogenicspecies in Bissap juice

Samples Esgherichia Staphylococcus Bacillus Clost_ridium
coli aureus cereus perfringens

SITE | 0+0 2,8.10°+160 &’1'105i1’2'103 0+0

SITE I 0+0 1,2.10%+8.10°? },9.1031:4,8.102 0+0

SITE Il 0+0 1,4.10°424034% 3,1.10°+96° 0+0

SITE IV 0+0 2,5.10°+1607°%  2.10%+3,2.10°* 00

SITEV 0+0 1,1.10%+8.10°*  3,4.10%+48° 0+0

SITE VI 0+0 3,7.10%+24034% 10°+1,2.10°°  0%0

Criteriamicrobiological 10° UFC/g  10° UFC/g 10° UFClg 10° UFClg




4. DISCUSSION
The juice ofBissapis a streetfoodconsumeddaily by the population of Daloa in the

majority of ceremonies. This iswhy 100% of the people surveyedsaidtheyregularlyconsumed B
juice.issap. Theygenerally consume it at least once a day.Thesurveyrevealedthatboth sexes
consume the juiceofBissap. However, 52% of women consume more juiceBissapsold in the
streetsthan men. According to studiescarried out in Burkina,women are mostlyinvolved in the
sale and consumption of streetfoodsthat come from the informalsector [11]. In addition, traders
consume more foodthanother social strata according to Barro'swork [12] in Burkina and Benin
[13]. Furthermore, 37.30% of thoseunder 20 consume more juiceBissapaccording to the
studycarried out in Daloa. This couldbeexplained by the sweet taste of the
juiceBissapbecauseduringmanufacturing, sugarisadded to the juiceobtainedaftermaceration of
the petals of guineasorrel. According to studies, youngsubjectstoleratesugar more if they do not

have a medicalhistorythansubjects over 40 yearsold [14] [15].

It shouldbenotedthatapproximately 27.30% of the people
surveyedhaddiscomfortfollowing the consumption of juiceBissap. Thesediscomforts are
mostoftencharacterized by abdominal pain, fever, vomiting and end withdiarrhea. According to
previouswork of a researcher,thesesymptoms are generallyattributed to the ingestion of
poorlycookedfood and/or having been subject to intense handling withoutanyprecautions [16].
Theseobserved conditions are due to foodpoisoningcaused by certain bacteriasuch

asClostridium perfringens, Staphylococcus aureus, Escherichia coliand others [17].

The presentstudymakesit possible to assess the microbiologicalquality of
juicesBissapsold in the streets of Daloa, but also to assess the healthriskslinked to the
consumption of Bissap. Microbiologicalanalyzes of samplesBissaptakenfrom the different sites
revealed the presence of variousmicroorganisms. These are spoilage and contamination flora,
contamination flora of fecalorigin, potentiallypathogenicbacterialspecies and strict

pathogenicspecies.

As for spoilage and contamination flora, GAMs are counted in the
juiceofBissapwithloadsthatexceedmicrobiological standards. These charges are

estimatedrespectivelybetween 1.3.10°UFC/g and 9.7.10*CFU/g. Thus in Daloa, the juices of



Bissap containMesophilicAerobicGerms. This wouldbelinked to the conditions inwhichjuices
are made and sold. Indeed, in thesestreets, the juicesBissapare sold and manufactured in the
open air and sometimesneargarbage piles and even public toiletswith the presence of large
fliesaround the place wherethesejuices are put in the bags and containers for sale. Theseresults
are similar to those of a previousstudycarried out by Gouen in Cote d'lvoire and by Abeid [18]
[19] on somestreetfoodssold in Abomey Calavi in  Benin.

As for yeasts and molds, they are present in the juices ofBissapwithmoderately high
loadsthatvarybetween 1.2.10°U FC/g and 10.5.10°CFU/g whichishigherthanmicrobiological
standards. This presenceisexplained by the factthat the juices of Bissapare not kept in constant
temperature boxes containingice. Furthermore, prolongedstay at ambient temperature as well
as exposure to open air constitutetwo major factors of contamination and multiplication of the
total flora and fungal flora in juices Bissap According to previousstudiescarried out by Barro
[12], thesegermsindicate the state of freshness and generalhygiene of the food and the presence
of sugar in high quantitiesshouldconstitute a good protection against the attack of contaminants

in the food exception of mold.

Regarding flora of fecalorigin, all loads are higherthan the criteria set by the
microbiologicalquality standard. FecalcoliformloadsfromjuiceBissapareincludedfrom
1.5.10°+321.4 to 9.7.10%+1.7.10 CFU/g whilethose of fecalstreptococciis 0+0 whichagreeswith
the standard whichpredicted a total absence of germs in fecalstreptococci.
Microbiologicalquality standard of fecalcoliform 10°CFU/g. More fecalcoliforms are observed
in the juice ofBissap. The strongpresence of these flora couldbeexplained by fecal
contamination of humans and animals. These data agreewiththose of Agbabiaka'swork [20]
whocountedgerms of fecalorigin, notablyfecalcoliforms in streetfoods. Also the
irregularpresence of hygienegermssuch as fecalcoliformsisalmostautomaticallyattributed to
poorpersonal and clothinghygiene of sellers as well as the unsanitary nature of
workequipmentsuch as knives, utensils, papers packaging [12].

In fact, the juice ofBissapbeing a perishablefood, must bepreserved and processed in
such a way as to guarantee the health of the consumer. This objective can beachievedwhen
strict hygienerules are applied. This willallowsellers to market a qualityproductthatissafe for
consumers. In addition, the techniquesprocessingmethodscurrentlyused are traditional and do

not makeit possible to present a qualityproduct on the market.



The differentanalyzescarried out on the samplesBissapdid not reveal the absence of
salmonellain the samples. This isexplained by the factthat the water used for
manufacturingisunpolluted water. Theseresults are consistent withsomeresearchthat has shown

the absence of thesegerms in certain foodssold in the streets [21].

For potentiallypathogenicspecies, juicesamplesBissapanalyzed are
contaminatedbyStaphylococcusaureusand an absence ofE.coli. Indeed,thejuice of Bissapcounts
more germsStaphylococcusaureuswith a loadbetween 1.4.10%+1607 and 6.10°+2.5.10°CFU/g.
Theseresults are not in compliance with the standard (10°CFU/g). Ourresults are
similarwithresearchwhoshowedthroughrecentstudiesthat the presence ofStaphylococcus
aureuscouldalsobe due to human contamination of foodsincethisbacteriais commensal to
human skin and mucous membranes [22]. Whichwould show the non-compliance with good

hygiene practices and the ineffectiveness of the product in thesedifferentmarkets.

The results of microbiologicalanalyzes ofEscherichia colirevealed an absence of
thesegerms in samples of juiceBissap,theseresultsmeet the microbiologicalcriteria (LOCFU/qg).
The absence of Escherichia coliin all samplesattests to noncontamination of

fecalorigin.Theresults of thisstudyagreewiththose made by Degnon [23]

5. CONCLUSION
This studywascarried out to assess the healthrisklinked to the consumption of juices.

Bissapsold in the streets of Daloa. The juicetradeBissapis a reality in the city of Daloa. Thus,
an investigation wascarried out to determine the
differentdiscomfortsobservedafterconsumption of juice.Bissap, followed by microbiological
analyses. The lack of good hygiene practices in places of sale and manufacture of juiceBissap
predispose to all forms of contamination. This surveyrevealedthat the majority of consumers of
juiceBissaphave an agebetween 20 and 30 vyearsold, dominated by women. The
technicalmanufacturingitinerariesdescribed by thesejuicesellersBissapremainedveryempirical.
Poor preparation, the use of water for juice, sieves, the use of hands for mixing are subject to
all microbial contamination. Microbiologicalanalyzesshowedthat the juices ofBissapsold in
theDaloa streetswereheavilycontaminated by spoilage flora and other flora of fecalorigin. It
shouldbenoted the presence of pathogenicspeciessuch asStaphylococcus aureus coagulase
positive andBacillus cereusin the juices ofBissapsold in Daloa. The strongpresence of germs of

fecaloriginwouldreflect a lack of good juicemanufacturing practices and good juicehygiene



practices.Bissap, whichwouldrepresent a danger for consumers. The juices ofBissapsold in the

streetswouldrepresent a danger for the population of Daloa.
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