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ABSTRACT

Two strains of lactic acid bacteria (lactobacillus SMLB2 SMLB1 and gender)
and ayeast strain (SMLV 1) are used in fermentation and bioconservation
certain foods. They provided a perfect fermentation and thuslife, a safety

and integrity unparalleled.

Positive interactions between yeasts and lactic acid bacteria have shown
atiming fermentative metabolism of all strainsferment component selected.
Indeed, after 16 hoursof incubation with the ferment S6 wasableto stabilize
thepH and acidity 3.57t0 3.57 and 1.22% acidity and that from the 30th day

of controlled fermentation.
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The pH is obtained according to the packaging of food products.
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INTRODUCTION

Inresponseto concernsof consumerstowardscer-
tain foods, thereisagrowing crazefor organic prod-
uctsbased on lactic fermentation.

The agribusiness sector in Morocco isbooming, it
representsaround 2,000 companies, which provideal -
most 20% of total employment and contributesto 30
% of thevaueadded, whichisan essential elementin
thefood security, however, theuseof industrial prod-
uct beginsto bereluctant to follow successive uses of
chemica products such asfood additives

and have shown their impact on severa levelson

the health of the consumer asthe case of citric acid,
which causeshigh-doseerosion of teeth, skinalergyin
theform of awareness, especially theora and genitd
mucosaand causi ng disease (ul ceration)™, which dam-
ageanegativeimpact on thefuture of theindustry and
consequently onthe economy
Thecountry. Thechallengethereforeistofindal-
ternativeanditisinthissensethat wewill trytofinda
techniquefor biologica conservation artichokes. This
work hasthefollowing objectives:
- Theredlization of pontaneous Fermentation.
- Isolation, purification, identification of appropriate
strainsfor the conduct of aproper fermentation.
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- Sdection of asuitableclose.

- Preparationof aliquid.

- Creation of acontrolled fermentation.

- Testing of biologica conservation artichokes.

MATERIALSAND METHODS

The samplescollected from the artichokes Gharb
region. And especially from Kenitra, and
SidiSlimaneSidiK acem.arereturned to thelaboratory,
washed inrunning water, pee ed and cut manua ly with
adterilized knife, then carefully depositedinglassjars.

coresamplesareprepared in pardle and olives.

A handful of sat (about nearly 150 g) isplacedina
jar. Adding water at a rate of 200 ml for agitation,
redissol ution and homogeni zation. Sat wateriscompleted
uptothemark of thegauge 1-liter besker. After the sec-
ond homogenization, the brineispouredinto therecep-
taclesof artichoke cut into piecesof 20to 30 geach. It
should benoted that five pieces of lemon 10g each have
aready beenintegrated into the pre- marinated jar.

Thefermentationisstarted right fromthefirst con-
tact of thesamplewith brine.

Periodic samplesweretaken. Thetimeisstopped
fivedays. Thediquotswere subjected to physicochemi-
cad and microbiologicd andyzes.

Thetemperature of the sampleismeasured usinga
thermocouple(temperature, pH) TypeMicro- pH Crison
2000.Vaues areread directly onthedevicedisplay.

After calibration, the electrode of thepH meter is
soaked in 20 ml of brine (salt water more) artichoke,
olivesand carrots contained in a100 ml Erlenmeyer
flask. ThepH vaueistaken directly from the screen of
the same apparatus mentioned above (thermocouple:
Crison Micro pH 2000). The standardsused arepH 4
and7.

About 10 ml of brinecontainedina100ml Erlenm-
eyer flask are added 4-5 drops of phenolphthaleinin-
dicator solution 1%. Thetitrationiscarried out witha
solution of NaOH (N / 9) until theindicator changesto
pink cnoloré. The titratable acidity is expressed as a
percentageof lacticacid (MW =90.08 g) in 100 ml of
brine. Itisgiven by thefollowing formula:

% Lactic acid = Vol (NaOH) x N (NaOH) x (90.08) x (100)

1000 x (weight of sample)

A microbiological analysis

Microbiologica anayzesweremade onthefer-
mented product concerned thefloraof hygienic (the
FMAT, feca coliforms) and that of biotechnologicd in-
terest (lactic acid bacteriaand yeasts).

Florahygienicinterest

Enumeration of total aerobic mesophilic flora:
FMAT

Counting FMAT providesinformation on theover-
all bacterial load biotope artichoke marinade. Strong
support isanindicator of the degree of infection or pu-
trefaction of theraw materia (artichoke). The TSA [
15g tryptone, 5g Soytone, 5g of sodium chloride, 159
Agar, 1000ml of distilled water andthepH =7.3+0.2
] (isour medium of choicefor the enumeration of the
FMAT. The culture mediawereinocul ated and i ncu-
bated at 30°C for 48 h.

Theseedingsaremadefrom dilutesolutionsof brine.
These areprepared using amethodol ogy dilution rang-
ingfrom 10to 10.And, by including 1ml of thesolution
dilutedin9 ml of sdine. Fromthechosendilution, 1 ml
was seeded at the bottom of asterile box, where 20ml
middleASD, previoudy sterilized a 120° C for 20 min
and cooled to 45-50 ° C, were poured aseptically. Just
boxeswith the number of coloniesisbetween 30 and
300 aremaintained for the enumeration.

Enumeration of fecal coliforms

Thetota and fecal coliform bacteriaare common
inthedigestivetractsof humansand/ or animals. Their
existenceinamediumisevidence of thedegree of con-
tamination of the sampleanalyzed and lack of hygiene
complianceinthesamplemedium. Theculturemedium
we used to accomplish this activity is the DLA
(Desoxycholate LactoseAgar).

[ 10g peptone, 10g Lactose Desoxycholate 1g so-
dium, 5g of sodium chloride, 2gK2HPO4, 1 gof iron
citrate, 1 g of sodium citrate, 15gAgar, 0.03g Neutra
red, 1000ml distilled Water andpH =7.3+0.2 ]

Seeding coliformiscarried out thoroughly. Thein-
cubation was performed at 37 © C for total coliforms
and 44.5° C for fecal coliforms. The reading is made
after 3days. Similarly, only the boxeswherethe num-
ber of coloniesis between 30 and 300 are used for
counting.
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Floraof biotechnological interest
Enumeration of yeasts

Enumeration of yeastswas performed on PDA (po-
tato dextroseagar) medium. Seria dilutionsaremade.
Seeding isdoneasbefore. Incubationiscarried out at
30 ° C for 48 hours. The colony count is limited to
clubswhose number is between 30 and 300.

Enumeration of lacticacid bacteria

The count of lactic acid bacteriais performed on
MRS medium (ManRogosaand Scharp). 1 ml of the
dilution chosen isdeposited at the bottom of the Petri
dish. Itiscovered by thefollowing 20ml of medium
previously sterilized and cooled to 45 ° C. After ho-
mogenization, the cultureswereincubated at 30 ° C.
Thecounting isdoneafter 3 daysof incubation and just
boxeswith the number of coloniesisbetween 30 and
300 areused for counting.

| solation, purification and identification of lactic
acid bacteria

| solation and purification

Isolated colonies, clear, smpleand individualized
are transplanted to the surface of new culture media
MRS. A seriesof transplanting issubsequently triggered
until thestrainismacroscopicaly and microscopicaly
homogeneous and identica. Generally, after four suc-
cessive passages, the colony ispresumed pure.

Preiminary identification
a. M acroscopic examination

Milky whiteor brown colonies, who regularly ap-
pear onthe MRS are marked at the bottom of the box
andretainedfor further identification.

b. Microscopic examination

Microscopic observationismadein thefresh sate
and set state. Thetwo complementary observationsa-
low usto determinethe shape, size, grouping, mobility
and the type of Gram characteristic of each strainto
idertify.
c.Gramstain

Gram staining alowsdifferentiation between strains
Gram-positiveand Gram- negative ones. Thealiquots
areexamined by the conventional techniqueof using

%jogecﬁnofo_qy C—

gram crystd violet,Lugol, d cohol and acetonefushine.
In some cases, it wasdifficult to distinguish between
gram- positiveand gram-negative bacteriaus. Werem-
edied by suspending coloniesin drops of 5% KOH.
Thetest ispositive when the drop of KOH becomes
viscous, otherwiseitisnegative.

d. Search catalase

Catdasetestismadeby emulsifyingabacterid cul-
turein adrop of oxygen peroxide (H202) at 30 g/ |
placed on adideobject. Thereactionispositivewhen
it resultsintherel ease of gasbubbles(O2). Lacticacid
bacteriaaregenerdly catalase-negative.

e. Gasproduction (CO2)

Gas production is highlighted by the following
method : acentral seed strain considered dongthesolid
culturemedium MRStube. Thisiscovered withalayer
of sterilewater agar. The presence of gasin the me-
dium resultsin the appearance of gasbubbles, or gas
pockets by adetachment of the agar.

Thetest gasproduction alow usto know thetype
of fermentativemetabolism borrowed by thestrain sud-
ied. Thehomofermentative pathway resultsintheunique
production of lactic acid. Otherwise next to lacticacid
isother organic acids, alcoholsand gasessuch asCO2,
SH2.

f. Production of thebacteriocin

Bacteriocin production wasnoticed by theinhibi-
tory ability of thefiltrate

Microorganism tested on the devel opment of the
target organism® (Benkerroumet al ., 1993). Thesix
strainsof lactic acid bacteriaweretested for antibacte-
rid activity by themethod of dissemination (Barefoot
and Klaenhammer 1983), agar TSA (Tryptic SoyAgar,
Difco, Detroit, USA).

I solation, purification and identification of yeast
| solation and purification

Isolated colonies, clear, smpleand individualized
aretransplanted to the new surface environments PDA
(potato dextrose agar) cultures. A seriesof transplant-
ing issubsequently triggered until the strainismacro-
scopicaly and microscopi caly homogeneousandiden-
tical. Generally, after four successive passages, the
colony ispresumed pure.
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Preiminary identification
a. M acroscopic examination

The pasty white or brown col onies, which appear
regularly in surface culture on PDA medium, or colo-
niesintheshgpeof an eyefish culturedepth, aremarked
at thebottom of thebox and retained for further identi-
fication.

b. Microscopic examination :

Microscopic observationismadein thefresh state
and set state. The two complementary observations
allow usto determinethe shape, size, grouping, and
mobility. The presence or absence of mycelium and
sporulation ability by staining with methyleneblue af-
ter incubation at 30 ° C for 2 weeks on acetate me-
dum

B. Technical and analytical tests conducted con-
trolled lactic fermentation

1. Composition close

The choice of enzymeismainly based onthefol-
lowingcriteria
— granpreferably homofermentary ;
Strain mgor acidifying power ;
Strain pronounced antibacterial activity ;
strain accompanied by anintrinsic or extringc pro-
duction of dietary supplements;
strain accompanied by intrinsic or extringc growth
factor production.
Selecting strains SMLB1 stopped on lactic acid
bacteriaand which areisolated SMLB2 brinecarrot.
Theyeast issaected fromtheolivebrine. Multiplesub-
cultureswereperformed. Theresult isthe production
of three finely pure strains. Different combinations
thereof, areused to get themost appropriate combina-
tion of our fermentation.

1 11

J

2. Choice close

Six solutionshave been proposed to definethedose
fit with our mission. The solutionsare semi-synthetic
liquid mediaculture, which areadded unique strainsor
combined (TABLE 1). Incubation of each solutionis
carried out at 30 ° C for 24 hours. On each periodic
samplesan hour, threeandyzeswere performed : DO,
pH andacidity. Thesolution or combination havinggiven
thelowest pH isclose adequatefor us.

TABLEL1 : The différent combinations of the ferment

Solution 1 Synthetic medium+strainlacticSMLB1

Solution 2 Synthetic medium+strainlacticSMLB2

Solution 3 Synthetic medium+strainlacticSMLB1+SMLV 1

Solution 4 Synthetic medium+strainlacticSMLB1 + SMLV1

Solution 5 Synthetic medium+strainlacticSMLB2 + SMLB1

Solution 6 Synthetic medium+strainlacticSMLB2 + SMLB1+ SMLV1

3. Preparation of closing

The preparation of enzymeisthedetermination of
theamount of the starter to start the fermentation prop-
erly controlled. To do this, different percentages of the
solution 6 were prepared: 0.25%, 0.50 %, 0.75 %,
1%, 1.25%, 1.50%, 1.75 % and 2 %.

Different percentagesweremade inthemiddle
of semi- synthetic cultureand afina volumeof 10ml.
Thiswill bethe preculture culture 100ml of semi- syn-
thetic medium. Then, cultures cascadewill bemadeun-
til thefinal volumeof 1 liter. All incubationsweredone
at 30° C for 24 h. On the final culture, only the pH was
monitored. The percentage making usthelowest fina
pH will beselected for further testing.

Effect of adding sugar totheproliferation of cloe

The same medium described aboveisadded yet
different concentration of glucosewill 1a7g/1. All solu-
tionswereincubated at 30 ° C for 24 h, the addition of
sugar ismadeto promotethe growth of theferment.
Effect of adding extracted star ch on theprolifera-
tion of close

The same medium described aboveisadded yet
different concentration of extract of starchwill 1a7g/1.
All solutions were incubated at 30 ° C for 24 h, up-
loading extract starch iscarried out to favor propaga
tion of theferment.

4. Controlled fermentation

To passthetest controlled fermentation artichokes
in three buckets of 1kg each, we will work with the
lowest amount of enzymethet givesthelowest pH. These
conditions have been met with acombination 1%. The
latter isusedin our midst to lead thefermentation trias
artichokesin 3 buckets of 1kg each. Thetestsare ap-
pliedto laboratory scale.

a. Effect of brineon theproliferation of close
The medium was supplemented with 15 % sdlt. It

— %jogecﬁnokyy
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issterilizedat 120° C for 15 minutes. Seeding the fer-
ment wasmadeat 1 %. Thegoa isto verify the behav-
ior of our face closetoindustrial salt concentration.

5.Application tests

Applicationtestswere performed to verify and vali-
datethe degree of invol vement of our closeinbiologi-
cal conservation artichokes. Theevauationswill beon
semi pilot and test pilot.

Semi pilot and pilot testing
a. Preparingbrine

salt 15%, glucose4 g/ |, thestarch contentto4 g/
| and closeto 1 %. Thevolume of brine producedis
equal to 1/3 of thefinal volume of the product to be
preserved.
b. Semi pilot

About 10 kg of artichokes carefully placed in a
bucket of 25liters, arecast corresponding litersof brine.
Monitoring of physical, chemical and microbiological
anayzeswill beperformed on the mixture,
c.pilot

About 180 kg of artichokeswascarefully placedin
a250-liter arecast corresponding litersof brine. Moni-

picture 6 : artichoke
pieces in a jar

picture 5 : empty jar

ziogecﬁnofoyy C—

toring of physical, chemical and microbiologica ana-
lyzeswill be performed on mixture.

d. Physico chemical and microbiological analyzes
Areperformedinthesameway that précédament.

Testinjars

a.training

Artichokes are peeled (picture 3), cut into pieces
(picture 4), washed and placed in jars, 21 cl glass
(Picture 6). Their deposition is carried out so asto
occupy two thirdsof thetotal volume. They arethen
covered withaliquid called coverage (Picture?). The
latter ishot cast (60-70°C) to fill one third of the re-
maining volume. Theliquid mediumisanorganiclig-
uid plusthe close selected in the previous chapter.
Artichokesareimmersedin the solution coverage. The
space between theliquid medium and the cover isequa
to 1cm. And thisisdoneto create the vacuum. The
jarsareclosed manually by new metal capsules. The
filled jarsare pasteurized at atemperature of 100°C
for 10 min (picture 8). They are heat shock through
rapid cooling. Finally, atest of safety and stability is
achieved through incubation jarsin anoven at 30°C
for 48 hours.

¢
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picture 3 : artichoke
heart

picture 4 : cutting heart
artichoke

picture 8 : artichoke
pieces in closed jar and
pasteurized

picture 7 : artichoke
pieces immersed in the
coverage solution
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b. Evaluation of the hygienic quality of the prod-
uct

Liquid packing

After sabilization of osmotic phenomenain contact
withthreebiol ogicd dements(water, sdt and artichoke),
physico- chemica and microbiologica anayzeswere
performed ontheliquid medium. They areconducted on
thethird day succeeding the sterilization operation.

In addition to the sensory analyzes, analyzesare
cited asprevioudy.

Organolepticanalysis

Thesensory anadysis(texture, tasteand smell) are
treated asone based on aLikert scaleof 5levelssur-
vey (1:notatdl, 5: quite) givento 20 tastersto judge
the acceptability of our product.

RESULTSAND DISCUSS

1. Floraof biotechnological inter est

Theresultsrecorded (TABLE 2) show that thecon-
centration of 5 % salt, lactic acid bacteriaarerepre-
sented with apopul ation of 6103 cfu/ ml onthe 5th
day of fermentation. Theabundanceincreasesto 7.106
cfu/ ml onday 10 of fermentation.

Regarding yeas, it should be noted that the domi-
nance of yeast was observed at the 25th day of fer-
mentation. The abundance of the population reached
3107 cfu/ ml for yeastsagainst 6.106 cfu/ ml for lactic
acid bacteria.

Theresultsindicatethat inthe case of a10% brine
of salt, lactic acid bacteriaappear the 5th day of fer-
mentation with arate of 5.103 cfu/ ml and arate of
4.103 cfu/ ml after 35 days.

A 15% sdlt, lactic acid bacteriaare present inthe
brine artichokewith an abundance of 5.10° cfu/ml at
thefifth day of fermentation. Shehashardly changed
even at the 35th day of fermentation. (The abundance
of 5103 cfu/ ml).

A 30 % salt, we noticed atotal absence of lactic
acid bacteriaa ong thefermentation period. Yeastsbe-
ginto appear soon onthe 10th day of fermentationwith
apopulation of 2102 cfu/ ml. Sheroseto 2.104 cfu/
ml onthe 20th day thereafter downto 3.102 cfu/ ml on
the 35th day of fermentation.

————, FyurL PAPER

TABLE 2: Monitoring of changesin parameters. pH, acidity,
temperatureand changesin M TAF cropsgrown on TSA at
30°C for 48 h, cultures of coliform performed on DLA medium
at 37°C for 48 h, yeast cultures performed on middle PDA at
30°C for 48 h and lactic cultures performed on MRS medium
at 30°C for 48 hours during the spontaneous fermentation of
artichokes. Cultureperformed at room temper atur e (theunit
of count for FM AT coliform, yeast islacticacid iscfu/ml).

Sa:?npjl!ng temperature 5% 10% 15% 30%

Ph 631 622 652 6,85

Acidity 028 032 020 0,08

5 . FMAT 3.10° 3.10° 210* 210°
s O

i Coliforms 0 0 0 0

yeast 3.10* 310° 210° 2.10°

lactic 6.10° 5.10° 510° 0

Ph 576 575 583 586

Acidity 048 048 044 044

104 18°C FMAT 3.10° 3.10° 210° 3.10°
S 0

Y Coliforms 0 0 0 0

yeast 210° 210 210° 210°

lactic 7.10° 6.10° 7.10° O

Ph 554 550 563 572

Acidity 060 056 052 048

154 19°¢ FMAT 3.10° 3.10° 3.10° 210°
S 10

Y Coliforms 0 0 0 0

yeast 410° 210° 210° 2.10°

lactic 7.10° 5.10° 6.10° O

Ph 546 558 566 571

Acidity 060 054 052 048

o0 19°C FMAT 3.10° 310" 210° 210°
s 0

i Coliforms 0 0 0 0

yeast 3.10° 210" 210" 210

lactic 7.10° 5.10° 6.10° O

Ph 524 533 532 545

Acidity 068 064 064 0,60

o5 20°C FMAT 210° 210° 210° 210°
s J

Y Coliforms 0 0 0 0

yeast 3.10° 4.10° 310° 210°

lactic 6.10° 4.10° 510° 0

Ph 455 457 457 478

Acidity 092 092 092 080

a0 19°C FMAT 9.10* 8.10* 210* 1.10°
s 0

Y Coliforms 0 0 0 0

yeast 410° 310° 3.10° 210°

lactic 2.10° 4.10* 210° O

Ph 458 457 458 478

Acidity 092 092 092 080

254 ot FMAT 8.10° 4.10*> 210* 310
S (]

Y Coliforms 0 0 0 0

yeast 410° 3.10° 4.10° 3.10

lactic 510° 4.10° 510° 0

— ngogecﬁnofo_qy
e udian oanl



446

Biologicalconservationof food products

BTAIJ, 9(11) 2014

FULL PAPER o

I solation, purification and storage of lactic acid
bacteria

a. I solation and purification

We have compl eted theisol ation of lactic acid bac-
teriafrom spontaneous fermentations artichoke de-
scribed above. |solation took place asfrom other natu-
ral fermentation product. In particular, weinclude car-
rotsand olives.

12 strainswereisolated : 6 yeastsand lactic acid
bacteria. The set will be subjected to screening teststo
finaly find aclosewiththosemade withinteresting
individual characters. To do this, webegan by testing
purification. Thestrainispresumed pureafter four suc-
cessvesubcultures.,

For lactic acid bacteria, each strain through atest
three criteria. And to confirm hismembership inthe
group of lactic acid bacteria(macroscopic aspect, type
of gramand catal ase).

A second selection criterion was adopted to fur-
ther reduce the number of lactic acid bacteriaferment
the component: the acidifying power, fermentation and
antimicrobial. Two strains (SMLB1 and SMLB2)
showed astrong acidifying and antibacterid. Their in-
dividualized by these characters, wewere ableto de-
tainthemfor further work.

The other remaining lactic acid bacteriaarelow
power and low acidifying antibacterial. Theseinclude
theSMLB3,

SMLB4, SMLB5and SMLB6.Thesix stranswere
selected asaresult of ascreening pushed. But for tech-
nical reasons, we decided to reduce the number of
strainsused in thefermentation controlledtrias. The
decisonwasmadefor SMLB1 and SMLB2.

b. Preliminary identification

SMLBL1 thelactic acid bacteria are isolated and
SMLB2 brinecarrots. They are chosenfor their high
adidifying power. Thecolor of thecolony iswhitishmilky
macroscopic observation. Their microscopic observa
tion after Gram stain, allowed usto identify them as
gram positivebacteria

Similarly, microscopic observation

showed that the two strains of bacteria bacilli
grouped by 2 or 4 and till. Other testshave shown that
the said bacteria are catalase negative and

%jogecﬁnofo_qy C—

homofermentative metabolism (nogassing in anaerobic
test). To differentiate between gender Carnobacterium
asBacillusand Lactobacillusalso being shaped bacil-
lus, acertain number of charactershasbeen verified.

SMLB1thelactic acid bacteriaare Lactobacillus
and SMILB2. They arenot part of Carnobacterium group
asthey grow at pH 9. Thislast character ismissing
groups bel onging to Carnobacterium. Similarly, mem-
bersof the genus Carnobacterium, grow poorly onMR
medium containing acetate, while Lactobacillusspecies
aremultiplyingeesily.

The strains and SMLB1 SMLB2
provedthermophilic sncegrownto 50°C. The strains
of the genus Carnobacterium not have this feature.
Rather they are psychrophilic.

The SMLB1 SMLB2 and grow inthe absence of
oxygen (anaerobictest). They do not producegas. They
aretherefore homofermentary isto say use carbohy-
dratesto produce most of thelactic acid only. Lacto-
bacillussp. are of considerableimportanceinthefood
industry (close, aromaproducers, probiotics...) andin
the pharmaceutical industry (includes disorders
Mmétéorisations, bloated bellies, digestive disorders...)

During fermentation, lactic acid bacteriasuccession
accordingto their acidotol érance order, genus Lacto-
bacillusisknown for itsgreater adaptation compared
to other types of lactic acid bacteria (Pediococcus,
Leuconstoc)

c. l[dentification of lactic acid bacteria

We used the API 20C gallery (Bio Merieux) for
further identification of thestrain : SMLB1. Identifica-
tioniscarried out according to manufacturer’s recom-
mendations. ThisisLactobacillusplantarum.

d. Production of bacteriocin and acidifying power

Thestrainsand SMLB1 SMLB2 are chosen for
their largeacidifying and bactericidal vis-a -vis patho-
gens power.

Of thesx strainsof lactic acid bacteriaisolated, the
two most effectivestrains(SMLB1 and SMLB2) from
brinecarrots.

Pathogenic Gram + bacteriaare generdly moresen-
sitivetothebactericida effect of lactic acid bacterid?.
Bacteriocinsact by forming poresin the cytoplasmic
membranethat causedisturbancesof cdlular functiong?
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Thebactericidal activity of thestrain SMLB1is
found exclusively intheculturemedium. Thebacterio-
cinisextracellular. Technological point of view, such
productionissointeresting that it ispossibleto make
industria production. The energy and cost for itsex-
traction are very economical compared to the mem-
braneor intracel lular bacteriocin.

1. 1solation, purification and identification of yeast
| solation and purification

We have compl eted theisol ation of theyeast from
spontaneousfermentationsdescribed above. Isolation
took placeasfrom other natura product fermentation.
In particular, weinclude carrotsand olives.

Strainsisolated as mentioned previoud ywere sub-
jected to screening teststo finally find aclosed com-
pound with thosewithinterestingindividua characters.

To dothis, we began by testing purification. The
strain ispresumed pure after four successive subcul-
tures.

Yeast requiresatest two criteria. And to confirm
hismembershipinthegroup yeast candida(Theacidi-
fying power and potentid high fermentative).

Thesix yeast drainswereisolated and divided into
two groups

Group yeast high SMLV 1 acidifying power, used
for further work

Group yeast low power acidifying SMLV 2,
SMLV3, SMLV4, SMLV5and SMLV6

Thetwo groupswere kept asaresult of asorting
pushed. But for technical logic, wedecided to decrease
thenumber of srainsused inthefermentation controlled
trids. Thedecisonwasmadefor SMLV 1.

Preiminary identification

Thecoloniesarepearly white. Microscopic obser-
vation showed that the strainisSMLV 1 unicellul ar,
ovoid, and showsno mycelium culture on acetate me-
dium revealed that the strain isasporulante. SMLV 1
thestrain proveditisthermophilic sinceit stinksgrow
at 50°C.

2. Composition and selection of close

Thetwo strains of lactic acid bacteriaand yeast
strain showed avery important acidifying power. The
resultsof analyzesof different combinations(S1, S2,
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S3, $4, S5 and S6) areshown in (TABLE 3). For each
combination, wefollowed the DO, pH and acidity. It
emergesthat the most correct combination isthe S6
(TABLE 3). Indeed, after 16 h of incubation at 37°C,
the test results showed for the S6 a pH of 3.50, an

TABLE 3: Sudiesof changing parametersDO , pH and acid-
ity solutions (S1, S2, S3, $4, S5 and S6) on semi-synthetic
liquid mediumincubated at 37 ° C for 24 h.

kineticsofsixsolutions

times
S1 S2 S3 A4 S5 S6

oD 020 0,20 0,32 0,22 0,22 0,24
2h pH 6,60 664 658 0,60 060 6,59
acidity 020 0,20 025 0,20 0,20 0,20
oD 034 035 034 040 040 042
4h pH 655 656 655 6,50 6,50 6,43
acidity 025 025 025 0,25 0,25 0,30
oD 042 055 061 068 0,67 0,64
6h pH 6,43 6,34 6,27 625 6,25 6,26
acidity 030 0,35 040 0,40 0,40 0,40
oD 058 057 082 110 1,20 0,62
8h pH 6,32 6,32 592 560 550 6,26
acidity 035 0,35 050 0,65 0,70 0,40
oD 1,15 122 09 160 1,72 145
10h pH 574 552 571 500 4,83 530
acidity 060 0,70 060 0,9 1,00 0,80
oD 161 160 215 220 2,32 1,82
12h pH 504 505 394 390 384 434
acidity 095 095 121 121 121 1,16
oD 222 223 286 260 260 262
14h pH 443 442 363 3,75 375 3,74
acidity 1,14 1,14 122 122 122 122
oD 270 280 284 260 260 3,20
16h pH 378 3,72 365 375 375 3,50
acidity 122 122 123 122 122 124
oD 265 2,75 282 260 260 3,13
18h pH 378 3,74 366 375 375 355
acidity 1,22 122 123 122 122 124
oD 261 261 280 258 262 3,00
20h pH 375 3,76 3,70 3,76 3,74 3,62
acidity 1,22 122 122 122 122 123
oD 260 258 272 259 261 293
22h pH 375 3,77 374 376 3,75 3,72
acidity 122 122 122 122 122 122
oD 256 242 270 258 259 284
24h pH 378 382 378 376 3,75 3,65
acidity 122 121 121 122 122 123
— ngogecﬁnofo_qy
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optical density of 3.20 and 1.24% acidity.

Thiscan beexplained by thetiming of thefermen-
tativemetabolismof al strainsferment component S6.
Positiveinteractionsbetween yeastsand | actic acid bac-
teria have been reported in various
fermentations®>®(LeroiRivoireand Hallet, 1993; Halle
Drouet and Hallet, 1992).

Preparation ofclosing

It appearsthatthe presence of 1% inoculum
S6,thepHdecreases tothe valueof 3.57in the 15thday
of fermentation. The acidityin the presence ofthis
enzyme(S6) idargecomparedwith thatrecordedwith an
inoculum of0.25% and 0.50%. Theresultsobtainedin
thisworkare closeto those ofperfectly!
Bousmaha(2006).The variationsin the values
ofmonitored parametersare theresult ofthe prolifera-
tion ofstrainsadded asstarter. We found thattherate of
conversionof the raw materialis fasterwhenitis
inoculatedwitha concentration of 1%.
Theconcentrationsgreater than 1% (1.25% 1.50%
1.75% 2%) were not givenvalues tomake a
difference. Stati sti cal examination showedthat therewas
no s gnificantdifferencebetween 1% andhigher percent-
ages. (TABLE4)

TABLE 4: Effect ofconcentr ationof enzymeon theevolution of
theparameter spHandacidityincubated at 37°Cfor 24h.

inoculum concentration in %
0,25 0,50 0,75 1,00 1,25 1,50 1,75 2,00
pH 6,80 6,80 6,80 6,80 6,80 6,80 6,80 6,80
Acidity 0,10 0,10 0,10 0,10 0,10 0,10 0,10 0,10

T1=54 pH 5,95 5,92 5,89 5,87 5,76 545 5,48 5,46
= S
& Acidity 0,50 0,50 0,55 0,55 0,60 0,75 0,70 0,70

pH 4,87 4,76 4,67 4,58 4,37 4,25 4,26 4,28
T2=10days = .
Acidity 1,00 1,05 1,10 1,12 1,16 1,18 1,18 1,18

pH 4,23 4,20 3,58 3,57 3,58 3,57 3,58 3,58
T3=1bdays . .
Acidity 1,18 1,18 1,24 1,24 1,23 1,25 1,24 1,24

pH 4,26 4,26 4,26 3,98 3,98 3,58 3,58 3,58
T4=20days . .
Acidity 1,18 1,18 1,18 1,20 1,20 1,24 1,24 1,54

Times

TO = Oday

Effect ofthe addition
proliferationofclose.

ofsugaron the

Theevolution of the growtho fourre presentatives
closevary depending on theglucose concentration. The
resultsofal developmentsarenTABLE (5). Theexpres-
sion of thegrowthof starteri sdetermined by the changeof

pH andacid production. Indeed,it is clear thatthe pH
decreasesto very lowvalues  with a highacid
productionprosglucose concentrationsof 4g/l.He
emergesasthe preferred concentrationi scl oseby our4dg/l.
TABLE 5: Effect ofthe concentration of thecar bon sour ceon

thedevelopment ofacidityandpHat 37 °C for 24 hoursand1%
inoculum

Glucose concentrationin g/L
2,00 3,00 4,00 500 6,00
6,80 6,80 6,80 6,80 6,80
0,10 0,10 0,10 0,10 0,10
5,73 597 526 532 535
0,60 0,50 0,85 0,80 0,80
4,27 4,48 4,48 4,36 4,45
1,18 1,12 1,12 1,16 1,14
4,27 3,78 3,58 3,58 3,58
1,18 1,22 124 124 1,24
524 3,76 357 3,58 3,59
0,85 1,22 1,22 1,22 1,22

Times
1,00

6,80
0,10
5,82
0,55
4,47
1,14
4,24

7,00
6,80
0,10
5,26
0,85
4,37
1,16
3,58
1,24
3,59
1,22

To= pH
Oday Acidity
Ti= pH
Sdays  Acidity
T2= pH
10days Acidity
T3= pH
15days Acidity 1,18
T4 = pH 5,26
20days Acidity 0,85

Effect of addingstar chtoextracttheprolifer ationof
enzyme

Theevolutionof thegrowth of our componentsclose
change depending on the concentration of extracted
starch. The consequences of all developmentsto lo-
caein TABLE 6. Theexpression of thegrowth of Sarter
issupplied by the change of pH and acid production.
Indeed, itisclearly distinguishable asthepH dropsto
very lowvalues with aseriousacid production con-
centrationsextracted starch4g/ 1. Hegraduated asdis-
tinguished by our close concentrationis4g/|.
TABLE 6: Effect of extract concentration of starch on the

evolution of pH and acidity I ncubated at 37 for 24 h and with
1% inoculum and 4 g/ | of glucose

Concentration d’extrait d’amidon en g/L

Temps

1,00 2,00 3,00 4,00 500 6,00 7,00
To= pH 6,80 6,80 6,80 6,80 6,80 6,80 6,80
0J Acidit¢ 0,20 0,10 0,20 0,20 0,10 0,20 0,10
Ti= pH 581 572 596 525 531 534 527
3J Acidit¢ 0,56 0,61 051 086 0,82 0,82 0,86
T2= pH 446 426 4,47 447 435 444 437
10 Acidit¢ 1,13 1,17 1,13 1,13 1,15 1,13 1,16
T3= pH 425 428 3,78 358 358 358 3,58
15 Acidit¢ 1,17 1,18 1,22 1,24 124 124 124
T4= pH 527 525 3,75 357 358 3,558 3,58
20)  Acidit¢ 0,85 0,85 122 1,22 122 122 1,22
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2.controlled fermentation

Toinitiate our tests controlled artichokefermenta
tions, weinocul ated three buckets each containing 1kg
of artichokes and brinewith 1 % of the ferment (S6)
already selected. Thedriving conditionsculturesare
thoserequired by theferment.

Effect of brineon theproliferation of close

Thebrineused in our fermentationis 15%. This
vaueisfound adequate during spontaneousfermenta-
tionwedrive. Thesameconcentrationwasfoundinthe
work doneé? Bousmaha(2006). Similarly, other authors
have shown through testing that they have done, that
the concentration of 15%ismost suitablefor the con-
servation of biologica products. Concentration adopted
by the Technica Standards Committee and approved
by theinterdepartmental committee M oroccan stop the
use of aconcentration between 12 and 15 % salt for
any purpose of conservation of biological productsin
unsedled containers.

Of thelower concentrationsof thesevalues can
giveriseto aterationsin the biological product and
higher concentrati ons can cause death of the ferment
about preservation of our product.

Sudy of physico- chemical stability of artichokes
mixed culture

After mastering the optimum growth conditions of
our close, we considered conducting atest called a
mixed culture. Thisisto gether dl the preferred settings
for theferment in the same medium. We launched the
start of thefermentation monitoring of key parameters.
Themonitoring resultsareshownin (TABLE 7). He
emerges asthe pH decreasesrapidly to its minimum
vaueof 3.57 after 1 month of fermentation. Thislatter
vaueisthen kept stable even after 6 months of stabili-
zation. Thesameis met with the acidity, the value of
1.22%isobtained dieinthefirst monthto remain stable
until thesixth month of stabilization.

TABLE 7: Sudy of thephysicochemical gability of artichokes
withtime

Temperature Times pH Acidity
24°C To 5,24 0,68
24°C 1 month 3,57 1,22
25°C 3 months 3,56 1,23
24°C 6 months 3,57 1,22

The stabilization of key fermentation parameters
areindicatorsof the stabilization of the conservation
of the product used for these purposes.
Weincludeartichokes.

Lastabilisation desparamétres clés de la fermen-
tation sont desindicateursdelastabilisation delacon-
servation du produit utilisé a ces fins. Nous citons les
artichautsWe notethat with the use of enzyme selected,
thepH of themash fermentation reached 3.57 and 1.22%
acidity, and from the 30th day of fermentation. The pH
isobtained according to the packaging of food prod-
ucts since according™ ALINORM (07/30/27), it re-
quiresthat thepH of the solution coverage should not
exceed 4.5.

The pH and acidity remain stable even after 6
months of stabilization. For food, thetwo parameters
with the corresponding val ues obtained in our experi-
mentsshow agood hygienic quaity. Bacterid growthis
inhibited under these conditions that the spores and
cannot germinate when thepH isbelow 4. Thisresult
confirmsthe careful selection of strainsthat canthere-
forereplacethetraditiona process.

Many authorshave shown that anincreasein the
acidity of themedium, the pH val ue decreases. Micro-
organismswhen they try to maintain thestableand above
theinternal pH of the external medium. Homeostatic
mechani smsprevent the protons passthrough the cell
membrane and enter the cytoplasm, asthey expel the
protonsactudly enteringthecdl.

Theattempt to repair the disruption of pH homeo-
stasis and energy demand growth rate decreases. In
addition, thedemand for energy increases, so thereis
noneleft for other cdlular functions. If homeostasiscan
no longer occur, the pH of the cell cytoplasm fall and
die. Theability of microorganismsto grow at alow pH
dependsontheir ability to prevent the protonsenter the
cytoplasm. The pH optimum for the devel opment of
many bacteria is between 6.5-7.5¢ (Stella Maris
Alzamoraetd., 2004).

Testinjars

Thetestswere conducted bioconservationjars. The
solution and doubl e pasteuri zation were performed as
reported in Materialsand Methods. (TABLE 8) high-
lightstheresultsof microbiological and phys cochemi-
ca analyzescontrol the course of the bioconservation.
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TABLE 8: Monitoring of changesin parameters. pH, acidity,
and temper aturechangesthe FM AT, coliforms, yeastsand
lactic acid in the bioconser vation artichokes pasteurized,
and asalt concentration equal to 1% injar.

Jar
L Parameter Value
Sampling time

Salt 1%

pH 3,7

Acidity 1,20%

5 days FMAT 3.10
Coaliforms 0

Y east 3,5.10

Lactic 5.10"

Salt 1%

pH 3,7

Acidity 1,20%

12 months FMAT 3.10
Coliforms 0

Y east 3,5.10

Lactic 5.10"

Haut du formulaire
Physicochemical and microbiological analyze
a. Changein pH
ThepH values of parameter are both 3.7 times
control, the 5th day and the 12th months of storage of

our product in jars have not changed, and thiscan be
explained by thestability of our product.

b. Variation of acidity

Similarly, thetwo vauesof acidity parameteris1.2,
for both controls the 5th day and the 12th month of
storagejar our product have not changed, thiscan be
explained by the concentration remains stabletheacid
released inthemiddleof our close.

c. lacticacid bacteriaand yeasts

Similarly, theresultsof two testsof thefifth day of
the 12th month at the sol ution to hedge our productina
jar, have shown weak presence of lactic acid bacteria
and yeadt, thisfall in therate may be dueto the same
the high temperature pasteurization 100 ° C, which pre-
vented the devel opment and growth of microorganisms.

d. organolepticanalysis

The sensory analysis (texture, taste and smell) are
treated asone based on aLikert scale of 5levelssur-

%jogecﬁnokyy C—

vey (1: not at dl, 5: quite) givento 20 tasterstojudge
the acceptability our product with respect to the con-
sumer, theresultsarerepresented asa(TABLE 9)

Asshownin TABLE (9), the percentage of tasters
who are quitewilling to textureis 80 % compared to
thosewho agree. Regarding taste, wefound a percent-
age of 90% of tasterswho all agree and enjoyed our
preservative.

TABLE 9: Evaluation of parameter stexture, tasteandsmell
totheartichoke

Not at Neither

all disagree agreenor Agree Strongly
. agree
agree disagree
texture 4 16
tast 2 18
odor 6 14

Asfor thesmdl, 70% of tastersarequiteagreeand
enjoyed thesmell of our product. Notethat wholesre-
sultsconvergeto asingleissueto decidethat our work
issuccessful, however, theresultsof which aretasters
agreements can be exploited to work on continuous
improvement infuturework.

Wearriveat much morefavorablevalues with
the application of our close chose the same product
artichoke, at the semi-pilot and pilot testing, the pH
reached 3.55 and 1.23% acidity. And from the 30th
day of the controlled fermentation. For thejars, the pH
reached 3.70 and acidity 1.20%, against the values
found by thelevel of spontaneousfermentationare: pH
4.57 0.92 acidity and for the same period.

CONCLUSION

Strainsof lacticacid bacteriawereisolated, thetwo
most effective strains (SMLB1 and SMLB2) have
mounted amgjor bactericida activity.

Thebactericidd activity of SMLB1 (Lactobacillus
plantarum) isfound exclusively inthe culture medium,
thebacteriocinisextracd lular.

Substancesrel eased by SMLB1 have been shown
to beinhibitory substance of thegrowth of certain patho-
genicdrans.

These substances arenot bacteriocinsand organic
acidsor oxygen peroxide.

Neutralizing theeffect of lactic acid and theelimi-
nation of the effect of oxygen peroxide promoted the
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activity of antibacteria substances.

Thechoiceof yeast :

A group of yeast high acidifying power and high
potentia fermentative) SMLV 1 waschosenfollowing
atriage pushed.

Sdlectingtheclose:

Thetwo strainsof lactic acid bacteria(SMLB1 and
SMLB2) andtheyeast strain (SMLV 1) haveshown a
very important acidifying power. Positiveinteractions
between yeasts and | actic acid bacteria showed syn-
chronization fermentativemetabolism of dl strainsfer-
ment component selected. Indeed, after 16h incuba-
tion with theferment S6 was ableto stabilize the pH
and acidity 3.57t01.22 %
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