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ABSTRACT KEYWORDS
Morocco is one of fishing-producing country. Many production compa- Characterization;
nies of fish are set up in Morocco. These manufacturing’s represent a risk Fish waste;
for the environment and make human health in danger by producing more Pathogens;
and more fish waste. In order to estimate the risks, we have implemented a Health;
microbiological characterization of these fish by-products in kenitra city, Environment.

Morocco. Seven samples of 15 kg were used asamicrobiological character-
ization. The results showed that all the samples present an elevated con-
tamination. Whole Standard Plate Count appears in all samples analyzed
with an elevated rate that varies between 1,6.107and 1,2.10°, with an average
of 6,8.10° CFU/gram. The coliforms appear with an average of 7,5.10” CFU/
gram. For the Enterococcus, the analysis showed arate that varies between
110to 145 CFU/gram. While Clostridium range from 207 to 680. Saphylo-
cocci were detected in three samples from seven suspects. Salmonella
strains were isolated, the Lipolytic microorganisms and Proteolytic micro-
organismswererespectively 1,5.10° CFU/gramand 2,6.10° CFU/gram. This
study reveals that the fish by-products shelter many pathogens species
such as Salmonella, Clostridium and Saphylococcus. That’s why these
underproductive constitute a serious problem upon human health and en-
vironment. The adoption of apreventive measures reduce thisrisk, became
an obligation. © 2011 Trade Sciencelnc. - INDIA

INTRODUCTION a so theleader exporter country of sardines, especialy
“Sardina pilchardus™?.

With 3,500 kilometersof coastlines, Morocco has Nearly half of productionisdevoted toindustrial
animportant fishery sector, anditsexclusveeconomic  processing (canning industry, semi-conserve, freezing,
zoneof 200 milesmakesit oneof therichest fishreser-  packaging of freshfish, fishmeal andfishail), and the
voirsof theworld (1% inAfricaand 25" intheworld).  other half quantity is devoted to thelocal consump-
Theannud productionis950 000 tones. Moroccois  tion™.
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Faid et d. reported that thefishindustry aswell as
the fish markets, produce alarge amount of by-prod-
ucts. Drying unitsuse part of thefishwastefor fishmed,
but thisprocessisexpensve, highenergy consumingand
requireshighly qudified engineersand largeamountsof
fishwaste. Therefore, thebiotransformation of locd fish
wadgtes, whichisalow cost process, canbean appropri-
atemethod to obtain benefit from fish waste, protecting
theenvironment and ba ancing theincreasing shortagein
theagriculturd cropsusedinanimd feeding.

Fish waste may consists of theoffd sinthecanning
industry (viscera, heads, damaged and small fishes,
strange species etc...). Fish waste may include also
wastes of fish markets. In this case deteriorated fish
may also be considered as well as altered cans and
altered frozen fish. Huss*? reported that fish is
composed of 66 to 81 % of water. The dry matter
consistsof lipids, proteinsand sugarswith 67%, 28%
and 1.5% respectively. Raaet a.[*¥ and Cheftd et d.1°
showed that the surface of fish skin iscomposed of
mucus (polysaccharides, amino acidsand ethylamine
oxide 3), which makesthe degradation process of fish
by-productsfast.

Furthermore, in M orocco, fishby-productsaredis-
posed of, likethe other waste, in landfillswithout any
treatment. Microbid infectionsremain oneof themost
important problemsfor environment and public health.

The objectiveof thiswork isthe microbiological
characterization of fish by-productsby determiningthe
standard plate count (SPC), hygienicflora(Coliform,
Enterococcus, Clostridium, Salmonella and Saphy-
lococcus) and the spoilageflora(proteolytic and lipol y-
tic), to show their impact on the population and the
environment, and to propose atreatment assay by bio-
logica fermentation. Thisapproach clarifiestheimpor-
tance of biotechnology asatool for biotransformation
by fermentation of fish by-productg.

MATERIALSAND METHODS

Fish by-productscollection and preparation

Fish by-products samplesweretaken from various
sites in Kenitra city (Morocco), with Sardina
pilchardus asthe main species and were the subject of
amicrobiologica characterization. Fish wastemay con-
sis of theoffdsinthe canningindustry (viscera, heads,
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damaged and small fishes, strange speciesetc...). Fish
wastemay includeal so wastes of fish markets. Inthis
case deteriorated fish may a so be considered aswell
asatered cansand atered frozen fish.

The sampleswereplacedin plasticbagsand trans-
ported to thelaboratory. Our testsincludethe quaita-
tiveand quantitative study theAerobic Plate Count bac-
teria (APC), hygienic flora(Coliform, Clostridium,
Salmonella and Saphylococcus) and the ateration
flora(proteolyticandlipolytic).

Fish wastewereground aseptically with an éectric
|eaf shredder type Moulinex. Ten gramsof theextract
pasteisthoroughly mixed up inan Erlenmeyer flask
containing 90 ml of sterilesalinewater inorder to pre-
pareastock solution of 10, Fromthissolution, dilu-
tionswere performed up to adilution 107, Cultures
were performed from each dilution and for each group
of microorganisms.

Micraobiological determinations

Tengramsof samplewerethoroughly homogenized
using 90ml of erilized physiologicd sdineweater (NaCl,
0.85% g/l). From the 10 dilution, other decimal dilu-
tionsup to 107 were prepared. Appropriate mediawere
used for enumeration and i dentification of microflora

Lacticacid bacteriaand standard plate count (SPC)
were determined respectively by plating appropriate
dilutionson MRS-agar and on plate count agar (Difco,
USA). Plateswereincubated for 48 hat 30°C. Yeasts
are determined by spread-plating on Potato Dextrose
Agar (PDA, Difco) wereincubated for 48 h at 30°C.
Staphylococci was determined on Mannitol SatAgar
(Merck, Germany). Plateswereincubated at 37°C for
24h. Yellow colonieson the medium were checked for
Gram and catal ase reactions. Coliformswere deter-
mined using Mac Conkey agar (Biokar France), the
plates were incubated for 24h at 37°C for total
coliformsand at 44°C for fecal coliforms. Salmonella
wasdetermined intheraw materid andinthefina prod-
uct by transferring 25 g portionsinto 250 ml flasks con-
taining 100 ml of peptonewater. Theflaskswereincu-
bated at 37°C for 18 h and then 1 ml of the culture was
transferred to selenite broth (Merk, Germany) and
tetrathionate broth (Merk, Germany). Positive tubes
wereisolated usng Shigdlla-Salmondlaagar (SS) and
Hektoen agar (Merck, Germany). Non-colored colo-
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nieswith and without adark center were purified and
streaked on trypticase soyaagar (Biokar, France) dants
and stored at 4°C. The enumeration of Enterobacteri-
aceae (Sreptococcusfaecalis) isperformed on DCL
(Deoxycholate Citrate LactoseAgar) after incubation
at 37 °C for 24 hours. Enterococci are counted by the
most probable number method (MPN) onliquid me-
dium, using three tubes per dilution. Culturesare car-
ried out on Azide Dextrose Broth medium and trans-
ferred into Ethyl Azide Dextrose Broth after incubation
at 37°C for 24 hours. For Clostridiumsp identifica
tion weused Reinforced Clostridium agar. Theinitid
dilution was heat-activated at 80°C for 10 min and im-
mediately cooled iniced water in order to destroy all
vegetative formsand to activate spores. Three tubes
containing Reinforced Clostridium agar wereinocul ated
respectively with 1, 2and 5 ml of thedilution 10 and
incubated at 44°C in anaerobic conditions for 48h, and
black col onieswere counted.

Proteolytic and lipolytic bacteriawere determined
respectively, onNutrient Agar (oxoide) + 1% Skim Milk
and TributyrinAgar (oxoid). Duplicatesplateswerein-
cubated for 3daysat 30°C. After incubation, colonies
had been counted. Colonies producing clear zones of
casein hydrolysison (Nutrient Agar + 1% Skim Milk)
wererecorded as proteolytic’¥. Lipolytic bacteriawere
determined on Tributyrin Agar, the medium appears
opague but lipolytic colonieswere surrounded by zones
of clear medium®.

Microbiologica dataweretransformedinto loga-
rithmsto assess the number of colony forming units
(CFU/gram). All experimentswere conductedintripli-
cate.

Satistical analysis

Statigticd andysisof microbiologicd and chemica
determinationswascarried out using Microsoft Excel
7.0 and SAS 6.12 Programmes (SAS Institute Inc,
1990). Data were subjected to analysis of variance
(ANOVA). Theleast significant difference (LSD) pro-
cedurewas used to test the differences between means
a 5% ggnificancelevd.

Treatment of fish by-productsby fermentation

I solation of lacticacid bacteriaand yeast strains
Ten strainsof lactic bacteriaand yeastsareisol ated
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from different biotopes (canesugar juice, lemonjuice
and fermented molasses). Four | actic acid bacteriaand
six yeastswereisolated. Lactic acid bacteria(SBL )
and yeast (SBY,) have shown the most powerful
acidifying and fermentation ectivity, areretainedto carry
out thefermentation of fish by-products. Onethe most
efficient lacticacid bacteriaand yeast Sranswerechosen
for thisstudy. The sdlection of suitablestrainswasbased
on acidity and fermentation proprieties.

Prepar ation of inoculums

Aninoculum has been prepared from lactic acid
bacteria SBL, and yeast SBY, on a semi-synthetic
medium (4 g sucrose, 4 g yeast extract, 0.5gMgS0O4,
3gKH,PO,, 1g(NH4),S0O,, 2ml of mineral solution
of Cooney and Levine(1972), gs1liter distilled water)
containing 2% molasses, incubated for 48 hat 30 °C.

Mixingand inoculation

15 kg of fish by-products are ground and mixed
with 15% of molasses. After homogenizationthey are
inoculated with starter containing thelactic bacteriaand
yeast.

Follow-up of fer mentation

Theevolution of the fermentation wasfollow-up
for 15 days. Samplesaretaken daily to determinethe
pH, acidity and enumeration of microbid flora.

RESULTSAND DISCUSSION

Microbiological analysis

Thepelagicindustry generatesasignificant amount
of fish by-products. Thesewastes, like other wastes
are often dumped haphazardly inlandfillswithout prior
treatment with an impact on the environment. The
presenceof pathogensisoftenthe causeof serioushedth
problemsfor the population bordering thelandfill.

Our research isthe evaluation of risks posed by
these by-products by studying their microbiological
characterigtics.

The analysis of different samples taken from
incrementd sdeoutletsthecity of Kenitraismade. The
resultsaresummarizedin TABLE 1.

Aerobicplatecount bacteria (APC)
The seven tested samples of fish by-product show
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TABLE 1: Microbiological analysisof different samplesof fish by-products(CFU/gram)

Germg/'samples APC . ufc/g Calif. ufc/g Strep F ufc/g Staphy. ufc/g Salmon. Clostufc/g L:]?sg' Protealy. ufc/g
1 1,6.10" 3.0.10° 110 5.0.10* o+ 670 4.10° 1.10°
2 6,2.10" 3.1.10° 110 3.2.10* 680 2.10° 2.10°
3 7.10° 1.1.10° 110 7.0.10* F++ 370 1.10° 3.10°
4 5,5.10® 3.0.10* 140 3.0. 10 520 7.10° 1.10°
5 2,6.10"° 4.7.10* 45 2.1.10* +++ 670 1.10° 2.10°
6 2,9.10" 3.0.10° 140 8.3.10* 207 1.10° 1.10°
7 1,8.10" 2.7.10° 145 1.7.10* 211 2.10° 8.10°
Average 3.86.10°  3.37.10° 114,28 4,33.10" 475  24410°  1,29.10°

APC : Aerobic plate count bacteria; Colif : Coliforms; Staph : Staphylococci ; Salmon. : Salmonella; Clostr.: Clostridia ; Strep

F: Streptococcus feacalis; Lipoly : Lipolytic; Proteo : Proteolytic.

ahighlevel of aerobic plate count bacteria. It varies
from 1.6 10’ CFU/gramto 1,8.10° CFU/gramwith an
averageof 3,86.10° CFU/gram. Thisrateremainshigher
than previouswork™°. 4,

Coliforms

Theresultsof enumeration of thisflorashow that
most samples show acoliform load greater than 105
CFU/gram, withan overall average of 3,37.10° CFU/
gram.

TheTABLE 2 showsthat in percent terms 54.16%
of coliform bacteriaidentified were Escherichiacali,
followed respectively by 9.16%, and Enterobacter
Klebsilla pneumonia 6.66%, Schigella dysenteria 5%
and Citrobacter reundi and Citrobacter freundi with
4.16% respectively, whilelessthan 3% wasintroduced

TABLE 2: Speciesof Enterobacteriaceaeisolated from fish
by-products

Species number %
Echerchia coli 64 54.16
Enterobacter 8 6.66
Kluyvera sp 5 4.16
Klebsilla pneumonia 8 6.66
Proteus merabilis 11 9.16
Schigella dysenteria 6 5.00
Shigdlasp 3 2.50
Pseudomonas aeroginosa 5 4.16
Citrobacter freundi 5 4.16
Moraxella 2 1.66
Salmonella thyphi 1 0.83
Salmonella parathyphi 1 0.83
Salmonella enteredis 1 0.83
Tota 120 100%

by Shigella sp and Moraxella.
Salmonella

Three speciesof salmonellahave beenidentified,
i.e S enteritidis. Sthyphi. S typhoidal.

Enterococcus

TheEnterococcusvary from 110to 145 CFU/gram
with an averageload of 114 organismsper gram.
Saphylococci

Saphylococcusload showsaquantitativevariation
from 1,7.10%to 8,3.10* CFU/gram, with an average of
4,33.10* CFU/gram.

The suspected strains have been subject to an
identification using specificidentification galeries. The
results demonstrated that 10 of 20 suspected strains
were identified as Saphyl ococcus aureus. Thisrate
remains|ower than staph found in poultry manure by
other authorg” 8.

Clogtridium

The tested samples show a significant load
Clostridia, which varies between 207 and 680 CFU/
gram, with an averageof 475 CFU/gramwhichislower
than that found by Rahmi et al..,

Floraof alteration
Proteolytic

we note that proteolytic bacteria were
disproportionately represented in these by-products of
fish. They exceed 10° CFU/gramin 75% of the samples
with an average 1,29.10° CFU/gram.
Lipolytic

samplestested show avariationfrom 1.10°to 7.10°

Snvivonmental Science ==
A ndian W



ESAIJ, 6(6), 2011

B.Salouhi et al.

CFU/gram with an average of 2,44.10° CFU/gram.

Thespoilagefloraisof paramount importancesince
it dlowsfollow up theevolution of the hygienic quaity
of aproduct. Indeed, the spoilagefloraisinvolvedin
two typesof risk. They producetoxinsthat are capable
of causngfatadlities, and area so behind the production
of volatileodors. Infact the by-products of tested fish
were spiked with proteol ytic revealing that the product
was in an advanced stage of degradation. Thelarge
load of theselipolytic byproducts of fishismainly due
tothefat intheintestines.

To sum up, this study reveals that the fish by-
products are home to several species of bacterial
pathogens, and thus constitutesaserious public hedth
problem. Hence, there is a need for effective and
sustainable treatment of these by-products. For this
purpose, weperformed testsof thelatter by fermentation
using bacteriaand yeast with a strong fermentation
power and acidification.

Fer mentation of fish by-products
Preparation of starter cultures

Aswas described in materials and methods, we
prepared a mixed starter consisting of ayeast strain
(SBY ) andalactic acid bacterium (SBL,) having power
and acidifying fermentation.

Fermentation test

15 kg of fish by-product chopped, supplemented
with 15% mol asses, areinocul ated with mixed starter
(SBY + SBL,) andthey areplacedinplagtic barrelsat
room temperature. A void volumewasmaintained in
each barrel to facilitate stirring of the contents and
prevent aposs bleoverflow dueto gasproductionduring
fermentation®?,

Theevolution of thefermentationwasfollow up for
15 days and controlled by physico-chemica and
microbiological processes.

Physico-chemical and microbiological analysis

physicochemical analysis

TheFigure 1 showsthat the pH gradually stripped
during fermentationto stebilizeat 3.57, whiletheacidity
shows aremarkable evolution. It goesfrom 0.43 to
1.26% after aweek of fermentation, which showsa
good acidification during fermentation by the mixed
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starter selected. Thiscan beexplained by thetiming of
acidifying potentid with lactic acid bacteriaand yeest.
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Figurel: Evolution of pH and acidity duringthefermentation

of fish by-productsby themixed starter (SBY,+SBL )

Theresultsrecorded (TABLE 3) show that therate
of dry matter and ash arerespectively 20% and 54%
whiletheleve of matter of tota nitrogen and non-protein
nitrogen after abilizingfinished product aresgnificantly
higher. Theva uesobta ned arerespectively 45 and 30%
for thefinished product.

TABLE 3: Physico-chemical propertiesof theobtained prod-
uct after fer mentation of fish by-products

Physico-chemical Fish waste before The obtained

parametrs treatment product
pH 5.6 3.57
Titratable acidity % 0.43 1.26
Total nitrogen % 3.47 4.73
Organic carbon % 15.60 20.93
Phosphorus % 5.18 8.32
Potassium % 39.12 45.40
Dry matter % 64.07 54.40
Organic matter % 39.20 43.86

Microbiological analysis

Thestudy of the profileof themicrobia floraduring
thefermentation of fish by-productsshowed asignificant
reduction of SPC and streptococci (Figure 2), and the
total elimination of coliformsand Clogtridiaat theend
of fermentation and stabilizing the pH of the obtained
product. Inhibition of plant tissue of interest (Figure 3)
asisthecaseof the spoilagefloraarethe consequences
of theacidification and/or to someinhibitory compounds
formed by the lactic acid bacteria. Owens and
Mendoza™ reported that the pathogens (Salmonel1a)
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and the toxigenic microorganisms (Clostridiumand
Saphylococcus) are sensitiveto alow pH. Moreover
thefermentation by lactic acid bacteriaand yeasts can
resultinsomeinhibitorsformed by thesemicroorganisms
and which may ensurethe safety of the product.
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Moreover, lactic acid bacteria and yeasts have
increased substantialy (Figure4). During fermentetion,
they arerose up from 1,2.10* and 1,5.10° t0 2,9.10%
and 2,98.10% respectively, and stabilize on 7th day,
which showsthe success of thefermentation.

Previous studies have already been conductedin
our laboratory inthesameway onthe Biotransformation
of poultry waste and testing of recovery in the animal
feed industry!™, municipal solid waste, and poultry
waste!® aresimilar to our results.

CONCLUSION

Fish by-products are hometo several species of
fish pathogens such as salmonell a, staphyl ococci and
clogtridia, which posesserious hedth and environmenta
problems. The physico-chemical andysisshowed that
thesewastesarerich in mineralsand organic matter,
hencethe need for effectivelasting treatment. To do
this, weconducted atreatment viafermentation of these
sub-products, by using strains of lactic acid bacteria
and yeast that have an acidifying and fermenting power.

Our experimentsalowed usto obtainafina product
richin proteinsand stableinashort timeand which has
important characteristics. It is free of pathogens,
parasites and fungi, and shows a texture, color and
remarkablearomatic odor. Thelatter can beused asan
ingredientinfoodrations(fishfarming) or asabiofertilizer
for thesail.
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