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ABSTRACT

The juice of the cladodes of Opuntia ficus indica whose composition highlights an interesting content in secondary
metabolites, fibers and mineral substances, can justify its usefor the proliferation of lactic acid
bacteria during fermentation. The kinetics of growth of these two bacteria : Sreptococcus sp and Lactobacillus
sp shows that in the presence of juice of cladodes of Opuntia ficus indicato 5 %, the values of the absorbance at
600nm peaks are present much more important than those of the control sample in its absence. The statitical
analysisthrough the software Excel 2007 results, confirmed that there isa very signify difference between the
growth of control sample and the one with the presence of 5% of the juice of cladodes of Opuntia ficusindica, either
p=0.00356991 for the case of Lactobacillus sp and p= 0.008129737 for Sreptococcus sp.
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INTRODUCTION

The Opuntia cactus is a plant native to Mexico [tljvas introduce to the south of Spain followithg first shipment
of Columbus to the New World. Subsequently, it basn spreading throughout the Mediterranean Basingithe
17" century [2]. With the exception of the Sahararaarand mountainous, the Opuntia are widely reptedein
the rural landscape of Morocco, in addition to lesgular plantations, and around villages or #ng8 of closure
limiting the plots of crops or orchards [3]. Culiunf Opuntia exists in almost all regions of thentoy with the areas
relatively variable, it occupies an area estimate84530 ha and represents 11.07% of the totalumder fruit trees [
4]. Its geographical distribution is broad enougtts it is found in coastal areas from Sidi Ifni tapTangier, that
in several continental regions [4]. The best planits are located in coastal areas, and more spadbifin the
coastal strip of more than 10km of with that unadetige maritime influence. The plant is in fact hatd the fog
and night morning, very common in this area, thtoug the year [4].

The Opuntia ficus indica or prickly pear is a plant of type CAM (Crassulaceand®etabolism) [5], who presented
adaptations of physiological and morphologicalpwlhg him to withstand the difficult conditions tife arid and
semi-arid lands.

It is currently also integrated in the strategies dombating desertification in different countriés 7; 8; 9 and
10].

In some countries, th®puntia ficus indica is the subject of a culture in its own right, fbetexploitation fodder and
vegetable [11 and 12]. In effect, it is a plant thidparties can be consumer: the rods (or claslpded the fruit.
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The smooth variety submitted by report to the \gridnorny, has the advantage of being easily mangid
exploited as fodder. The cladodes may constituté 8540% of the food ration for basis [13] and canstitute a
source of water for the animals. In the case obkfed with a large share @puntia, the water needs are virtually
zero [9]. They can also be use in the feeding aflsamimals [14].

Thus, this plant is a potential candidate for theedlopment of functional foods and healthy foods; [l6], replying
to the request of the consumer, in balanced foadiories, cholesterol, fat, dietary fiber and exitiant.

In order to take advantage of the potential notdi and medicinal potentials of cladodes @guntia, their
incorporation in juice form in the food, could be alternative for their exploitation [17]. In eftedhe juice of
nopal has a high content of pectin and mucilagesatsubstances are transformed into gel once @tyestd will
allow the fats to transit through the digestivetegswithout being absorbed. In other words, theguif nopal has a
good thinness effect, thanks to its effect gellaggnt in the gastrointestinal system; the juiceapfal is able to
reduce the level of sugar in the blood. It is tHeal base for dietary supplements controlling tlemd glucose
levels of diabetes type II.

Taking into account the surprising nutritional dques from this plant, its hypoglycemic and lipatyt
characteristics very sought after in the naturatifadditives, we anticipate introducing this juean ingredient in
dairy products rich in fat and sugar, to make thaore digestible and more adapted to the malfunctibour
energy metabolism.

Our work in this perspective; we have addressedithgact associated with the addition of the juick o
cladodes, in thébacterial culture medium, othe improvement of the growth of lactic acid baietein order
to consider studies to optimize the consistencyttaf clot, to enrich the nutritional characteristics of dairy
products and to improve their taste quality

EXPERIMENTAL SECTION

Sampling Site of the biological material

The cladodes of Opuntia taken at the foothillshef Bouassal Zerhoun area located North West of bbaroThis
plant covers a geographical area about 636 Kihe region enjoys a Mediterranean climate, sediasuffering
continental influences, resulting in high thermaipditude. The highest average temperatures betspeng and
autumn range from 14°C to 20°C, while the averag@gmum temperatures range from 5°C to 14°C. Theape
maximum temperatures in summer rise to 42°C. Wiisteelatively cold in December, January and Fety;uide
minimum and maximum average temperatures are resplg2°C and 11°C [18]

The removal of cladodes conducted during the moothMarch to May the years 2014-2015, for 10 shrubs
These cladodes aged 1 to 10 months, are classifi8dbatches whose weight are between 100g and. 400
samples are stored at 4°C for a period not excgeglidays before their analysis and exploitations Belection
allows the choice of stages whose compositionfeithe maximum nutraceuticals needs [17]

Preparation of the plant material

Extraction of juice

The cladodes cleaned, trimmed and their juice etadaand separated by centrifuge (Brand Roboti€280g. The
juice collected represents 30% to 38% of the fr@slght (W/W). It filtered on Whatman paper N°.4, dollect the
juice, and then sterilized by filtration throughpacto-cellulosic membrane of porosity 0.45 um befoeing
stored at -18 °C.

Phytochemical study
The phytochemical tests have been performed on erdiit extracts prepared from cladodes
Opunita ficusindica by using specific reagents of revelation.

The screening phyto has allowed us to highlighitesence of secondary metabolites at the levelaott tissues of
this plant.

The detection of these chemical compounds basedsts of solubility of constituents, reactions ofgpitation,
turbidity and a change of specific color [19- 25]
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Chemical analysis

The dry matter (DM) content was determined at aperature of 105°C [26] and the content of inorganic
materials by incineration at 550°C for 4 hours [27]he concentration of Brix (soluble solids) was
determined by refractometer (brix RHB-32QTC) at@0°

The acidity was measured according to the standsthod (NFV05-101- 1974) with 0.1N NaOH to pH 8.
The results are expressed as % cladodes juice.

Bacteriological analysis

Test of the antibacterial effect of juice of the cladodes

The technique of Hayes and Markovic (2002) [28}pisemove a sterile disk, soaked in juice of ctisandiluted,
on a microbial mat at the very beginning of its wifo and measure the area where the microorganisme h
not been able to develop. The diameter of inhibjtizhich translated the antimicrobial activity aofde, is thus
determined and compared to the standard valuestelicby the standards.

A microbial suspension (of different pathogenictbde belonging to the Gram+ and Gram-) of equivatiensity

standard of 0.5 Mac Farland f1GFU /ml) is prepared as preculture. 20 ml of a@4HA) are be sunk by Petri
dish. After solidification, two ml of inoculum wedeposited on each of them. After impregnation afibutes, the
surplus of inoculum was removed by suction. On dawh a sterilaisc of filter paper of 6 mm diametesoaked in

20 pl of juice was deposited on the surface.

The Petri dishes lifted 1 hour at ambient tempeeatand then incubated at 37°C for 18 to 24 holing. diameter
of inhibition is measured in millimeters, disk inded. The number of repetition is three times.

Effect of the juice on the growth of lactic bacteria

This study is to monitor the behavior of lactic teai@Lactobacillus sp and Sreptogoccus sp, isolated and purified
separately from a yogurt commercial, in the presesfdncreasing concentrations (V/V) of juice chabdes, either
respectively 0 %, 1 %, 2.5 %, and 5% in relatioth®volume of culture medium (Nutrient broth, Biacod).

The inoculation is done by introducing 0.1 ml oéqulture of lactic bacterid_&ctobacillus sp or Sreptogoccus sp),
which is in exponential phase of bacterial growtl avith density is 1&CFU/mI, in 200 ml of nutrient broth. The
mixture was incubated at 37°C foactobacillus sp [29 and 30] and to 42°C f&reptogoccus sp [31]. The bacterial
growth evaluated by following the values of theicgdtdensity of the bacterial culture at 600nm dsirection of
time, the processing of data and statistical amajysrformed with the software Microsoft Office Ex¢2007).

RESULTSAND DISCUSSION

Phytochemical Screening

The results of the phytochemical characterizatesist on the studied prickly pear cladodes reveaptisence of
leucoanthocyanins and various compounds such astéfdsides, mucilage, monosaccharides and holgsides
sterols, triterpenes and heteroside cardiotoniadt, We noted the total lack alkaloids, tannins, séap®
anthocyanins, free and combined anthraquinonesdamgks (Table 1). These results are similar to thekvdone

by Dib and al, (2013) o®puntia ficusindica Algerian, who have also noticed the absence obSeagide,
anthracyanosides, anthracenosides and coumarins, m  contrast, they notedthe presence  of
alkaloids and tannins contrary to what we foundhis study. This may suggest that the compositibnthe
cladodes of Opuntia can change depending on thgrgeleical distribution and the climatic conditions.

The presence of flavonoids in the cladodes cartstiby the number of compounds and the quantitiesent, the
main class of polyphenols anti-oxidants and senebifsee radicals. They are particularly abundanfdods and
beverages such as grapes and the preparationgediei®a and cocoa , which are deemed to have fivetedfects
against various chronic diseases such as cardigieasdiseases , type Il diabetes, cancers, neuepeegtive
diseases [32]. The pharmacological properties bfghenols in general and the flavonoids in paracsiimake them
as popular dietary adjuvant molecules [33].

Chemical Characters of cladodes

In analyzing the results of Figurela and 1b, wd &rrelationship quite logical between the weighd ¢he size of
the different lots studied. Table 2 shows a higsilgnificant correlation between the growth paramsetd the
cladodes (weight, length and width) and their cibmsiht components.
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The dry matter content of the cladodes declingtiéncourse of their growth, it evolved from 8.7%te lot 1 to 7, 9
% in the lot 3, indicating a high water content amadhe latter ( Table 2), which is in concordandéhwhe
results of Sadok in 2008 [17]. By comparing the ngweladodes of the stage 1 (lots 1), with othentpfaoducts,
we note that it is similar to the one of vegetallesiduous trees such as the chicory, spinach eledyd34].

Table 1: Results of phytochemical examination of prickly pear cladodes

The organes

The families The cladodes
. Mayer _
The alkaloids Dragendorff's reagent o
The tanins The tan?ns fastnes_s o
The tanins catechiques o
Polyphenols Anthocyanins o
The flavonoides React. Cyanidine o
Leucoanthocyanes +++

Derivatives anthraceniques free

_The O-glycosides

Derivatives anthraceniques combin

“The C-glycosides +++
Sterols and triterpenes +++
Mucilages +++
Saponosides
Glycosides cardiotonics +++
The compounds reducers o
Raunchy and holosides +++

+++: Srongly present; ++: Moderately present; ( +) : weakly present ; ( -): negative test

The percentage in mineral substances increasedicagily during growth of the cladodes, either pestively of
15.3% in the first batch to 16.55% in the third.cAading to the literature, it is higher than thatvegetables of
common use [35]. These results are similar to tbekwdone orOpuntia ficusindica Algerian by Sadok
(2008) and Nezfaoui and Chermiti (1991), [36 and. These authors have also reported thatthe niinera
important in the cladodes of less than a yearaites so highly significant from 12.00 to 15.49%dhation to the
dry matter. This shows the richness of the cladarfethe zone of Zerhoun area of Morocco in whichenal
atlantes’ 16.55 %.

Concerning the soluble dry extract of the juice adddode, the results obtained (Table 2) show that i
decreased during growth of 2.53% in batch 1 to 20 the % batch. This content in soluble dry extract lowed
compared to that of fruit pulp that is 12% - to %7[17]. However the work achieved by Nefzaoui ar@niti
(1991) [36 and 17lhave shown that the cellulose content (fiberydased significantly during the stages of
growth from 8.84 to 11.62 g/100 g of dry mattand are higher than those of lettuce and spimddbh contain
less than 3% of the dry matter.

For acidity, it presents very little significantriaion in the course of the evolution of the grbwaf the cladodes,
which can have a negligible influence on the lafgienentation.

Weighting(a) Size of the cladodes in cm (b)
£ 35 32.32
(8]
400 - 380.27 £ 30 28.67
350 - S
_ 273.17 o
w 520 2 20
£ 250 - S
-
£ 200 - £ 15
@ 150 4 115.03 B 10
= P
100 _j .!
50 - @
0 ’ 1 2 3
1 2 3
Lots
Lots Mlengthincm  EWidthincm

Figure 1: Variation of the size and weight of the cladodesin function of the age r epresented by batches
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Table 2: Results of chemical examination of prickly pear cladodes

Lots 1 2 3
Acidity in % 0.97+ 0.01 0 .93t 0.02 0.98+ 0,011
Soluble dry extract in% (Brix)] 2.580.01 2.28t 0.02 2.04+ 0,015
Dry Matter in % 8.20.1 8.16+ 0.16 7.9+ 0.12
Mineral Matters in % 15.30.02 | 16.02£0.03 | 16.55 0.05

Microbiological testing

Antibacterial effect of juice of cladodes

The study of the antibacterial effect of juimfeOpintia ficusindica, has shown the absence of the antibacterial
activity on the 6 strains of pathogenic bacteridobging to both Gram-positive that the Gram-negativ
(Pseudomonas aeruginosa, E. coli, Srreptococcus feacalis, Klebsiella pneumonae, Staphylococcus aureus,
Salmonella spp) Table 3.

Table 3: Results of the antibacterial testing of prickly pear cladodesjuice: (-): absence of zone of inhibition growth. (+): Presence of zone
of inhibition growth, measured in mm

Triesl
Pseudomonas aeruginosa -

E. coli - - -
Sreptococcus feacalis - - -
Klebsiella pneumonae - - -
Saphylococcus aureus - - -
Salmonella spp - - -

Tries3

Tries2

The cladodes juice effect on lactic acid bacteria (Streptococcus sp and Lactobacillus sp)

We find that the addition of the juice of cladodebiacterial cultures ditreptococcus sp and_actobacillus spis in
favor of an increase in the speed and bacteridldegisity. This increase of bacterial growth isuaction of the
concentration of juice tested, in the culture medirigure 2). The statistical analysis of the hssinas shown that
there is a significant difference between the spdahcterial growth of the control samples, areldhe carried out
in the presence of juice of cladodes@puntia ficusindicato 5%, representing a value of p=0.0035 for thescas
of Lactobacillus and p=0.0081 for thé&treptococcus. These results are comparable to those found bglkSa
(2014) [35] in a study prepared in Algeria, congegnthe effect of the juice of cladodes on the femtation of
milk.

The effect of juice of cladodes on
growth of Streptococcus sp

The effect of thejuice of cladodes
on the growth of Lactobacillussp

1 - 1 -
0.9 T 0.9 T 0%
0.8 - ——0% 0.8 - ‘
0.7 - 0.7 -
A 0.6 - =10 R 0.6 - ——1%
0.5 - 0.5 -
© 04 25% | ©oa. 2.5%
0.3 - 0.3 -
0.2 —=5% 0.2 - —8—5%
0.1 - 0.1 -
0 - 0 -

OH 12H 24H 36H 48H
Incubation Time

OH 12H 24H 36H 48H
Incubation Time

Figure 2: Graphical Representation of the evolution of the growth of Streptococcus sp and Lactobacillus sp, expressed as OD at
600nm, as a function of the concentration of thejuice of the cladodes of Opuntia ficusindica

Based on the results of the chemical compositiothefcladodes of Opuntia harvested from the ar&eidfoun,

and that of the literature, we find that this pafrthe plant much enriched in components with eefieial effect on
health.

The mucilage contains of polygalacturonic acids$ taee similar to pectin playing an important role the
contribution of dietary fiber and in the balancetlo¢ intestinal transit, by stimulation of the gtbvef beneficial
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bacteria in the colon (probiotics) [37]. The mug#acontains neutral sugars such as the D-xylosaode,
the rhamnose, L-arabinose [38], which may be aitrartal alternative in the case of an energy mdtabofailure.
The leucoanthocianes are pigments that contaimeaptinciples to maintain and preserve the vasa@ystem. [39].
The cladodes were also used for their medicinacefas anti-inflammatory [40 and 41], glucose ahdlesterol
lowering [42 and 43], antioxidant [44] and as emulsifier in food products, pharmaceutical produend
cosmetics ... [45 and 46].

Therefore, the wealth of the juice of cladode®pfintia ficusindica in nutrients, such as carbohydrates, proteins,
lipids ... [31], and in mineral, vitamins such atamin C and dietary fiber, promote growth, and ioye the
proliferation of lactic bacteria [32]. It appealmt the use of the juice in the dairy industry nhaye a beneficial
effect in the consistency of the clot and the oojgptic quality and sensory data derived from milk.

CONCLUSION

The juice of the cladodes contained compositioroitgmt in glycosides in holoside and raunchy, uct&nthocianes,
fibers and minerals justifying its interest.

The kinetics of the growth shows that in the preseof juice of cladodes oOpuntia ficus indicato 5%,
the Streptococcus sp and the Lactobacillus sp reach an important optical density and a speedasé mapid growth,
confirmed by statistical analysis of the results.

At the end of this study, it seems interesting $ota project our research on the development atichization of
lactic fermentation, to produce less expensive rdikivatives whose organoleptic and sensory qualiey more
attractive.
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