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Abstract

The objective of our study was to use of Lactfobacillus
bulgaricusand Streptococcusthermophilusforkinetics
study of lactic acid production from Carob pods syrup
and Date syrup. The biologic material used is cultures
of Streptococcus thermophilus and Lactobacillus
bulgaricus. The Lactic Acid Bacteria was isolated
and identified by biochemical biochemical
tests. Biochemical analysis of date and carob
syrups was taken. Three cultures fermentations
of Lactobacillus bulgaricus were carried out in a 2
L jar fermenter (Applikon Biocontroller ADI1030) in
MRS broth, in date syrup at concentration 20% and
in carob pods syrup medium at concentration 20%.
The same cultures fermentations were made by
Streptococcus thermophilus in Naylor and Sharpe
medium, date syrup and carob pods syrup. The
different physicochemical and biochemical analyzes
show the richness of date and carob pods syrups
in nutritional elements that makes them favorable
to the lactic acid fermentations. The Lactobacillus
bulgaricus and Streptococcus thermophilus growth’s
for the fermentations are characterized by a short
duration of the latency phase which indicates that the
inoculated cells were in full exponential phase and the
perfect adaptation of strains to the different medium
used. Kinetics study of growth of Lactobacillus
bulgaricus and Streptococcus thermophilus in Carob
syrup and Date syrup showed that these medium are
favourable to the lactic acid fermentations.

Keywords: Carob; Date; Fermentation; Lactobacillus
bulgaricus; Streptococcus thermophilus.

1. Introduction

Carob (Ceratonia siliqua L.), which has been widely
grown in the Mediterranean region, belongs to the
Caesalpinaceae subfamily ofthe family Leguminoseae
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[1,2]. Carob tree is used in reforestation of arid and
degraded areas and also as for ornamental purposes
[3-5]. However, inrecent years, it has been used in the
food industry as bioresource and biomass substrate
and thus has attracted the attention of producers
because of increasing market value. The pulp and
the seeds have some interesting properties and are
often used in food and pharmacological industry [1,6].
The pulp content in the pod ranges from 73-95 % [7].
The pod of the carob has a high energy value 17.5
kd/g D.M. [5,8] and has long been used as a feed for
livestock and human consumption, including sweets,
biscuits, and traditional carob concentrate called
“pekmez” [9,10]. When the fruits are ripe enough,
they have 91-92% total dry matter and 62-67% total
soluble solids, which consist of 34-42% sucrose,
10-12% fructose, and 7-10% glucose [9]. Carob
pods are also characterized by high sugar content
500 g/kg [1,6,11]. Moreover, carob pods contain
appreciable amount of fiber (4.2-39.8%), depending
on the type of the extracted fiber [7,12]. The carob
is rich in calcium, antioxidants and polysaccharides.
Carob also contains phenolic compounds from
2-20% D.M. [6,13]. These phenolic compounds
present opportunities chemo-preventive interesting
against certain cancers, especially those of the
gastrointestinal tract. These phenolic compounds are
mainly composed of gallic acid, syringic, p-coumaric,
m-coumaric, benzoic acid and hydroxytyrosol [14].
Carob pulp is a good source of polyphenols (mainly
tannins 16-20%) [5,13], and protein (2.7-7.6 %) but it
is poor in lipid (0.4-0.8%). The pod fiber content plays
a role in hypocholesterolemic and hypoglycemic
regulation, whereas phenolic compounds can be
used as antioxidant additive [15]. Moreover, the
locust bean gum (additive E 410) extracted from
the endosperm of seeds is used as stabilizer and
thickening agents in food industry [16]. The locust
bean gum is also applied in pharmaceutical industry
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as drug delivery [17]. Chemical composition of
carob had been studied extensively for different
countries of the Mediterranean area. It had been
observed that this composition is depending not only
on technological factors such as the extraction and
analytical methodologies, but also on the genotype
of the plant, the geographical origin, the climate
conditions and the harvesting and storage procedures
[1,5,13,18-20]. However, in spite of the great interest
to carob and their use in different applications, few
studies are available on Algerian carob. The obtained
carob extract has been utilized for production of
value added products, especially by fermentation as
suggested [21,22]. Lactic acid can be one of these
value added products due to its current and future
potentials.

In Algeria, the production of dates is estimated to
473 000 tons which 60 000 to 75 000 tons is minus
appreciated on the market, constituted of common of
dates and offal’s of Deglet-Nour [23]. Dates are the
subject of an important marketing activity, in particular
the famous Deglet-Nour variety. This one holds the
monopoly in national and international markets. It
profits even from certain marketing (presentation,
packing). In parallel the other varieties known as
common are less appreciated, less marketed and
less competitive; they represent approximately 30%
of the national production [24,25]. Subsequently, they
provide a very high energy and nutriments: sugars,
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vitamins and minerals. The waste and un-wanted
materials usually issued from fermentation one being
used to produce, protein and carbohydrate. The
valorization of common dates by the biotechnical
processes represents a solution of choice insofar as
it allows producing some substances to high added
value [26]. The dates have already been the subject
of many tests in other countries. They are exploited
as fermentation substrate for various metabolites
production such as citric acid, ethanol and even
biomass production (yeast bread) [27]. The objective
of our study was to use of Lactobacillus bulgaricus
and Streptococcus thermophilus for kinetics study
of lactic acid production from Carob pods syrup and
Date syrup.

2. Material and Methods

2.1 Vegetable material

The carob (Ceratonia siliqua L.) used in current
experiments was harvested in the region of ELBORDJ
(Mascara, Algeria) and the date (Phoenix dactylifera
L.) was a variety half soft, known as Hmira badly
exploited, cultivated in the area of Adrar (South-East
of Algeria). The choice of these varieties is justified
by its availability and important nutritive value,
especially the one of reducing fermentable sugars
such as glucose and fructose. Its morphological
characteristics are given in Table 1 and Figure 1.

Table 1. Mean values of the physical measurements of carob pods and Date variety Hmira.

Carob characteristics Average Date characteristics Average

Pod length (cm) 20.4 £1.314 Weight of date (g) 8.5+0.76
Pod width(cm) 2.46 +0.047 Weight of pulp (g) 7.16 £ 0.93
Pod thickness (cm) 0.76 + 0.094 Weight of the stone (seed) (g) 1.27£0.18
Pod weight (g) 26.83 + 0.3299 Length of date (cm) 3.33+0.16
Pod volume (cm?) 28.53 +£3.23 Width of date (cm) 1.88 £ 0.41
Specific gravity 0.906 + 0.046 Length of the stone (seed) (cm) 2.11+0.19
Size index 9.22 + 0.05887 Width of the stone (seed) (cm) 0.67 +£0.34

No. seeds/pod 13.33 £ 1.2472

Seeds weight 2.366 + 0.20548

% seeds/pod 8.82+0.8141

Date variety Hmira

Carob pods

I . \

Powder carob pods

Figure 1. VVegetable material (Date, Carob Pods and Carob powder).
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2.2 Biologic material

The biologic material usedis cultures of Streptococcus
thermophilus and Lactobacillus bulgaricus, derived
from Orolait of Mascara (Algeria). The mixed culture
is homofermentative (homolactic) which means that
more than 90% of metabolites are produced by the
lactic fermentation.

2.3. Lactic acid bacteria isolation, biochemical
characterization and presumptive identification

Five 10-fold dilutions of the mixed culture
(Streptococcus thermophilus and Lactobacillus
bulgaricus) were then prepared and these were
inoculated on plates of MRS agar acidified with
glacial acetic acid to pH 5.4, MRS to pH 6.5, M17
medium to pH 7.1 and incubated anaerobically
at 45°C during 24-48 hours. Colonies with typical
characteristics were randomly selected from
plates and tested for Gram stain, cell morphology,
catalase and oxidase reaction before further sugar
fermentation and characterization tests [28,29]. The
short term conservation of the pure isolates was
done on solid media [30]. After growth at optimal
temperature, the culture was maintained at 4°C and
cultures were renewed every month. The long-term
conservation of the purified isolates was carried out
in MRS broth containing glycerol (Merck, Darmstadt,
Germany) (v/v 70/30) and were maintained as frozen
stocks at -80°C [31]. Strains were characterized
according to the methods and criteria of Buchanan et
al. [32] and Klein [33] as follow: They were checked
for gas production from glucose in MRS broth
containing Durham tubes [34]. Growth at different
temperatures was observed in MRS and M17 broth
after incubation for 5 days at 15, 37, 45°C then 12
days at 5 and 10°C [30]. The ability to grow at pH 3.9
and 9.6 (for MRS broth) and at pH 9.6 (for M17 broth)
were tested [35]. The tolerance to NaCl was studied
by growth in MRS and M17 broth containing NaCl at
concentrations 2%, 4% and 6.5% as described by
Stiles and Holzapfel [36]. Arginine dihydrolase was
determined in MRS broth supplemented with 0.3%
arginine, which was incubated for 3 days, followed
by NH, detection by addition of Nessler's reagent.
Hydrolysis of esculin and the effect of bile salts were
observed on bile esculin agar. Heat resistance was
determinated in MRS and M17 broths at 60 and 65°C
for 30 min [37]. Citrate utilization was studied on the
media of Kempler and Mc Kay [38]. Production of
dextran was recorded on MSE agar [39] and the
production of acetoine from glucose was determined
by using the Voges-Proskauer test [40].

2.4 Extraction of date and carob pods syrup
The dates were washed in order to eliminate sand

and dust, and then cut into the small particles

ISSN 1860-3122

Electronic Journal of Biology, 2016, Vol.12(2): 122-131

(1-3 cm) to increase the surface of diffusion. The
pieces of dates were mixed with distilled water at a
concentration 20% (200 g of dates in 1 L of water)
and left during 2 h at 90°C. After filtration the syrup
obtained was centrifuged at 5000 rpm during 30
min to separate the cellulose debris. The collected
supernatant was used as culture medium. The syrup
is sterilized during 20 minutes at 120°C under a
maximum pressure of 2 bars has been applied. The
syrup collected is characterized by a honey colour,
a pleasant odour and very sweetened. Carob pods
were chopped into small particles (1-3 cm). One liter
of hot water at 85-90°C was added to 200 g of carob
pods (20%), homogenized and through a cloth. The
syrup obtained was centrifuged at 15.000 rpm for 10
min to separate the cellulose debris. The collected
supernatant was used as culture medium. The syrup is
fixed in a pH 6 and sterilized during 20 min at 120°C.
The extraction parameters were obtained from method
advocated by Turhan et al. [41].

2.5 Biochemical analysis of date and carob pods
syrups

pH and conductivity are measured using a pH meter
and density was determined by density meter.
Viscosity is measured using the drop bile viscometer
(HAAKE). The optical density is measured by
spectrophotometer at 420 nm of filtered syrup [42].
Concentration of lactic acid was determined by acidity
titration with NaOH 0.1 N. Total nitrogen and protein
content was determined by the method of Kjeldahl
digestion and distillation apparatus [43,44]. Total and
reducing sugars were determined calorimetrically
at 480 nm by Dubois method [45]. Standards
were prepared with glucose solutions at different
concentrations. The ash content was determined
according to the AOAC official method 972.15 by
incineration one gram of syrup at a temperature
of 600°C during 3 h [46] and the mineral salts was
determined according to the methods advocated
by Hamon et al. [43]. Moisture and dry matter were
determined by drying 10 mL of syrup at 105°C
during 18 h. The content of vitamin C is determined
according to the methods advocated by Hoffman
[47]. For determination of amino acid content, 5
mL of date syrup was mixed with 1 mL of ninhydrin
reagent then heated at 80-160 °C during 4 minutes.
The optical density of control and the sample were
measured at 570 nm. In the control, we replace the
syrup with distilled water. At the same time we realize
a calibration with different concentrations of glycine.
For determination of tannin content, 6 mL of butanoic
acid and 1 mL of date syrup was added with stirring
0.2 mL of reactive iron and then put the mixture in
boiling water bath for 50 minutes. The absorbance
of the control and the sample are measured at 550
nm. In the control, we replace the syrup with distilled
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water. At the same time, we make the standard curve
with different concentrations of tannic acid. Pectin
was determined by mixed 10 g of date syrup with
stirring 10 mL of 10% NaOH and then after standing
for 5 minutes introducing 4-8 mL of HCI 5 N followed
by heating for 5 min. After filtration, the capsule is
placed in an oven at 105°C until a constant weight
(P,). After drying, it is introduced in a muffle furnace
at 700°C; we conducted a further weighed (P,). The
percentage of pectin is given by the following formula:

Pectin % = (P,- P,) / M.10

Where P.: The sample mass after drying, P,: The
sample mass after calcinations, M: The mass of the
test.

2.6 Fermentation conditions and methods

All experiments were carried outin a 2 L jar fermenter
(Applikon Biocontroller ADI1030) with an initial
volume of 1.5 L at 45°C. The agitation speed was
set at 300 rpm to insure complete mixing of the
fermentation medium. The inocula were incubated at
45°C for 12 h at 300 rpm before their transfer to the
fermenter in a 10%. The culture pH was maintained
at 6.5 by automatic addition of 25% (w/w) NH,OH
solution using a computer coupled peristaltic pump
during the 24 hours of fermentation. The samples
were withdrawn at desired intervals and frozen for
further analysis. Three cultures of Lactobacillus
bulgaricus were used: in MRS broth, in date syrup at
concentration 20% and in carob pods syrup medium
at concentration 20%. The MRS medium used in
growth and inoculum preparations contained the
following components (in g/L): 10 Soya peptone, 10
beef extract, 5 yeast extract, 2K,HPO,, 5NaCH,CO,,
3H,0, 2 triammonium citrate, 0.2 MgSO,, 7H,0,
0.05 MnSO,, H,0, 20 glucose and 1 mL Tween
80. The same cultures are made by Streptococcus
thermophilus in Naylor and Sharpe medium, date
syrup and carob pods syrup. The Nylor and Sharp
medium (Yeast Glucose Lemco Broth) used in growth
contained the following components (in g/L): 10
peptone, 10 beef extract, 3 yeast extract, 5 sodium
chloral and 5 glucose. The evolution of the biomass,
the residual sugars amount and the lactic acid
production are followed in regular time intervals. The
various analyses carried out allow the following time
evolution of the component concentrations present in
the culture medium. From these raw data it is possible
to calculate the fermentation kinetic parameters in
the batch culture by the calculation of the specific
rate of growth p in h', of sugars consumption Qs in
g.g™".h" and of lactic acids production Ql.ain g.g™".h™".

dx _ds
dt dT

= S = ———
H X Q X
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dp
dt

la=—-
Q X

The maximal specific growth rate (umax) was
determined from the slopes of the plotted linear
curve: Ln X/XO0=f (t).

3. Results and Discussion

3.1 Isolation and identification of Streptococcus
thermophilus and Lactobacillus bulgaricus

Colonies on MRS medium are whitish, smooth and
small. These strains are Gram+ (purple) and bacillary
form. The development on M17 gives white colonies,
round, opaque, with smooth boundary. These strains
are present in the form of cocci in pairs or chains Gram
+. Results are shown in the Figure 2 and Table 2.

L& “,‘1"- i Vr ol y

Lactobacillus bulgaricus 10 x 100 Streptococcus thermophilus 10 x 100

Figure 2. VVegetable material (Date, Carob Pods and
Carob powder).

3.2. Biochemical composition of carob pods
syrup and date syrup: The carob pods syrup has
a 94.44% of moisture and the date syrup which has
been the subject of our work has similar water content
92.4%, we agree that a product with high water
content facilitates lactic acid bacteria proliferation
and helps for a better substrate-enzyme contact
since free water is the nutriments carrier. Results are
shown in the Table 3.

Date syrup will be very rich of reducing sugars 27.3
g/L and 30.69 g/L for carob syrup. Reducing sugars
are a carbon source that can satisfy the lactic acid
bacteria requirements. The protein fraction and
amino acids are considerable; therefore it can serve
as a nitrogen source. An ash content of 0.8% for
date and 0.2% for carob indicates its richness of
minerals including potassium, sodium, phosphor,
zinc, Magnesium, Manganese and calcium. The date
syrup has an acidic pH 4.62, acidities 26 and carob
syrup has pH 5.25 which indicates its good nutritional
quality (no bacterium contamination) suitable for
the proper development of lactic acid bacteria. The
different physicochemical and biochemical analyzes
show the richness of date and carob pods syrups in

-125 -



cJBio

Table 2. Physiological and biochemical tests results of Lactobacillus
bulgaricus and Streptococcus thermophilus. (+): positive response, (-):
negative reaction.

Characteristics Lactoba_cillus Streptococ.cus
bulgaricus thermophilus
Gram + +
Catalase
Growth at 15°C -
Growth at 37°C + +
Growth at 45°C ++ ++
Growth at pH 9.6 / -
Growth at pH 3.4 + /
Growth at bile salts / -
Growth at 2% NaCl + +
Growth at 4% NaCl + +
Growth at 6.5% NaCl
Resistance at 60°C + +
Resistance at 65°C + /
Growth on milk blue Sherman /
Fermentative type homo homo
Esculin hydrolysis +
ADH (Arginin dihydrolase) - +
VP -
Maltose + -
Levulose + +
Glucose + +
Galactose + +
Fructose + +
Mannose +
Sorbitol
Saccharose - +
Xylose
Lactose + +
Arabinose
Haemolyse / %

nutritional elements that makes them favorable to the
lactic acid fermentation.

3.3 Lactic acid fermentations of Carob pods and
Date Syrups

This study was designed to evaluate the potential of
date and carob pods syrups for lactic acid production
by Lactobacillus bulgaricus and Streptococcus
thermophilus. Results are shown in the Table 4.

The production curve of acidities in MRS broth by
Lactobacillus bulgaricus begins with an initial acidity
of 40 to achieve 180 after 25 h of fermentation. In
parallel, the production of acidities in Date and Carob
pods syrups by Lactobacillus bulgaricus begins
with an initial acidity of 30 to achieve 60 in the end
of fermentations. For Streptococcus thermophilus
fermentations, the production of acidities in Naylor
and Sharpe broth, Date syrup and Carob pods syrup
begins respectively with an initial acidity of 18, 9.9 and
12.86 and evolves gradually to achieve respectively
61.85, 71.5 and 53.75 in the end of fermentations.
The results clearly indicated that the highest amount
of lactic acid was obtained with the fermentation of
Date syrup by Streptococcus thermophilus compared
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to Naylor and Sharpe broth and Carob pods syrup.
Results are shown in the Figure 3.

According to the obtained results, it is observed
that the Lactobacillus bulgaricus and Streptococcus
thermophilus growth’s for the fermentations are
characterized by a short duration of the latency
phase which indicates that the inoculated cells were
in full exponential phase and the perfect adaptation
of strains to the different medium used. Results are
shown in the Figure 4.

On the other hand, the biomass evolution of
Lactobacillus curvatus in the MRS broth starts with
an initial concentration (OD=0.15) and after 25 h of
fermentation it reaches a maximum value OD=2.5.
In the fermentation of Date and Carob pods syrups,
one we observe a similar initial concentration of
biomass respectively 0.15 and 0.14 and in the end
of fermentation optical density reaches a maximum
value 1.38 for Date syrup fermentation and 1.56 for
Carob fermentation.

The biomass evolution of Streptococcus thermophilus
in the Naylor and Sharpe broth, Date syrup and
Carob pods syrup begins respectively with an
initial optical density of 0.092, 0.077 and 0.098 and
evolves gradually to achieve respectively after 40h
of fermentation to a maximum value respectively
OD=1.75, 1.16 and 0.7.

However, decreasing of sugar rates is very faster in
the MRS broth, Date syrup and Carob pods syrup.
Table 3. Biochemical composition of date syrup and carob pods syrup.

Constituents Date Syrup Carob pods Syrup

Moisture (%) 92.4 94.44
Dry Matter (%) 7.60 5.56
pH 4.62 5.25
Acidities (m.eq %) 26 30
Density (Kg/m?) 1.067 2.543
Viscosity (mPa.s) 2.01 /
Total sugars in g/L 40.66 22
Reducing sugars in g/L 27.30 30.69
Sucrose in g/L 4.16 /
Proteins in % of M.F 0.081 0.25
Amino Acid (mol/L) 0.018 /
Vitamin C (mg/L) 0.19 /
Tannin % 1.5 /
Pectin % 7.5 /
Copper in mg/100mL of M.F 0.17 /
Ashes in % of M.F 0.8 0.2
Potassium in mg/100mL of M.F 15 18.5
Phosphor in mg/100mL of M.F 28 /
Sodium mg/100mL of M.F 1.9 1.9
Calcium in mg/100mL of M.F 122 69
Zinc in mg/100mL of M.F 0.19 /
Magnesium in mg/100mL of M.F 0.12 /
Manganese in mg/100mL of M.F 0.19 /

Note: /: No Measured, DS: Date Syrup, CS: Carob Syrup, HE: Hot
extraction, 20%: Concentration
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Figure 3. Evolution of acidities for batch fermentations by Lactobacillus bulgaricus and Streptococcus thermophilus.
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Figure 4. Evolution of optical density (OD) during batch fermentations.
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Figure 5. Evolution of residual sugars in g/L for batch fermentations.

Where the Lactobacillus bulgaricus consumes about
major quantity of initial total sugars, during 25h of
fermentation from an initial quantity respectively
of 19.5, 27.27 and 30.79 g/L of sugars, it remains
4.2, 9.73 and 10.43 g/L which implies an amount of
15.3, 17.54 and 20.36 g/L. In parallel, 22.45 g/L from
Date syrup as the quantity of sugar consumed by

ISSN 1860-3122

Streptococcus thermophilus. Results are shown in
the Figure 5 and Table 4.

3.4. The kinetic parameters of fermentations:
The specific rate of Lactobacillus bulgaricus growth
(1) in the MRS broth starts at 0.7 h™' and reaches its
maximum value 1.2 h'' after 3 hours of fermentation,
then it decreases down to 0 h™' after 12 hours of
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Table 4. Kinetic parameters of Lactobacillus bulgaricus and Streptococcus thermophilus fermentations. i: Initial, f: Final,

L.A: Lactic acid, Y: Yield.

Parameters

Lactobacillus bulgaricus

Streptococcus thermophilus

MRS broth | Date syrup = Carob pods syrup = Naylor & Sharpe broth Date syrup Carob pods syrup

Optical Density i. 0.15 0.15 0.14 0.092 0.077 0.098
Optical Density f. 25 1.38 1.56 1.75 1.16 0.7

Sugars i. (g/L) 19.5 27.27 30.79 4.96 27.08 30.54
Sugars f. (g/L) 4.2 9.73 10.43 2.18 4.63 14.71
Sugars consumption (g/L) 15.3 17.54 20.36 2.78 22.45 15.83
Acidities i. 40 30 30 18 9.9 12.86
Acidities f. 180 60 60 61.85 71.5 53.75
pmax (h') 1.2 0.5 0.67 0.25 0.8 0.54
Qs max (g/g.h) 11.53 6.96 6.39 25 12.14 6.19
QL.a max (g/g.h) 11.81 5.7 2.48 2.7 3.54 3.1

Yx/s (9/g) 0.07 0.13 1.47 0.21 0.12 0.08
YL.als (g/g) 1.36 1.13 6.24 0.53 0.44 0.42

—©— MRS broth
—e— Date syrup

-
B
|

—+&— Carob pods syrup

-
N
|

-
|

o
-]
|

Specific rate of growth p in h' of
Lactobacillus bulgaricus

Time (h)

2C

Specific rate of growth p in h'

r —=o— Naylor & scharp broth

0,8 /7\ —@— Date syrup

—+&— Carob pods syrup

of Streptococcus thermophilus

Time (h)

Figure 6. Evolution of specific rate of growth (u in h™') during batch fermentations.
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-
o

—+&— Carob pods syrup

©
|

e B
L R

QS Lacto MRS

Specific rate of sugars consumption Qs in g/g.h
of Lactobacillus bulgaricus

QS (Strepto Nylor)

Time (h)

Figure 7. Evolution of specific rate of sugars consumption (Qs

culture. For the Date syrup fermentation, u starts with
an initial value of 0.2 h™' increasing to 0.5 h™' after
6 hours of fermentation. In the Carob pods syrup
fermentation, the initial y is 0.2 h' and increases
to 0.67 h™' after 4 hours of fermentation (Figure 6).
This means that the fast increase in the bacterial
mass during fermentation is due to the substrate
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25

——©c— Naylor & scharp brotH
—e— Date syrup
—+#— Carob pods syrup

Specific rate of sugars consumption
Qs in g/g.h of Streptococcus thermophilus

Time (h)

in g/g.h) during batch fermentations.

consumption which is very important during this
phase. We notice a progressive reduction of the
bacteria growth rate which can be due to bacterial
lysis.

The maximal sugar consumption specific rate (Qs
max) is of the order of 11.53 g/g.h for the MRS broth
cultures and decrease down to 6.96 and 6.39 g/g.h for
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Figure 8. Evolution of specific rate of lactic acid production (QL.A in g/g.h) during batch fermentations.

the Date syrup and Carob pods syrup fermentations.
The maximal (QL.a.max) lactic acid production
specific rate is of the order of 11.81 g/g.h for the
MRS broth. However it decreases considerably down
to 5.7 and 2.48 g/g.h in the Date and Carob pods
syrups cultures (Figures 7 and 8).

For the Carob pods syrup fermentation, the yield
of sugar conversion into biomass is 1.47 g/g and
6.24 g/g into lactic acid. It seems that the majority of
the sugar is used for the cellular maintenance and
reproduction and the remainder for the lactic acid
production.

Overall, when the Naylor and Sharpe broth
fermentation medium was compared with Date and
Carob pods syrups, in terms of lactic acid produced,
maximum specific rate of growth of Streptococcus
thermophilus  (pmax), maximum consumption
specific rate (Qs max), maximum lactic acid
production specific rate (Q, , max), yield of lactic acid
production (Y, ,/s), there were significant differences.
Fermentation with Date syrup resulted in significantly
higher lactic acid productivity compared to Naylor
and Sharpe broth and Carob pods syrup. Results are
shown in the Figures 8 and Table 4.

4. Conclusion

The bioconversion of agricultural by- products
mainly the ones rich in fermentable sugars has an
economic and strategic interest. The main aim of
this study was to use of Lactobacillus bulgaricus and
Streptococcus thermophilus for kinetics fermentation
of the Carob pods syrup and the Date syrup. By its
biochemical composition, the Carob syrup and Date
syrup are very rich in carbohydrates and nutritional
elements. Which make it a substrate of choice for the
development of high value added products? Kinetics
study of growth of Lactobacillus bulgaricus and
Streptococcus thermophilus in Carob syrup and Date
syrup showed that these medium are favourable to
the lactic acid fermentations.
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