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Abstract: The aim of this study is to optimize the production of Baker’s yeast, Citric acid, Ethanol and 
α-amylase using dates of low market value as the basal fermentation medium. The results of this study
showed that the optimal Baker’s yeast production was obtained with a dilution rate of 0.22 h-1. Also, the
use of ammonium phosphate provides better biomass yields compared to urea. As for the Ethanol
production, the optimum yield obtained was 131.0 g/L under optimum conditions of an incubation period
of 72 h, inoculums content of 4 % (w/v), sugars concentration of 180.0 g/L and ammonium phosphate
concentration of 1.0 g/L. Concerning the Citric acid production, the cumulative effect of temperature (30
°C), methanol concentration (3%), initial pH (3.5) and ammonium nitrate concentration (2.5 g/L) during
the fermentation process of dates syrup did increase the citric acid production to 97.0 g/L. Finally, the
maximum α-amylase activity obtained was 2600 µmol/L/min under optimum conditions of an incubation
period of 96 h, temperature of 30 °C, an initial pH of 5.5, sugars concentration of 20 g/L, yeast extract
concentration of 5.0 g/L and phosphorus concentration of 5.0 g/L.
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INTRODUCTION

In Algeria, the production of dates is estimated to
492.188 tons which 80.000 to 95.000 tons is minus
appreciated on the market, constituted of common of
dates and date wastes [1]. Dates are an economical
source of carbohydrates for the production a lot off
metabolites because they are readily available and
relatively low priced. By elsewhere, there are two
factories in Algeria, employing more than 25.000 tons
of molasses per year for the production of Baker's
yeast. In recent years, Baker's yeast (Saccharomyces
cerevisiae), considered the most intensively cultivated
and commercial micro-organism, has been widely used
in leavening of dough [2]. However, the cultivation of
this yeast is not without problems. The low
productivity obtained under both aerobic batch
cultivation and continuous cultures as a result of
dilution rate dependence has led to the adoption of fed-
batch process for Baker's yeast production[3]. These
observations have been attributed to the Crabtree effect
[2]. Algeria imports all its needs into ethanol, estimated
at 50.000 tons [4]. Ethanol is normally produced from
molasses by fermentation using Saccharomyces

cerevisiae. The production of this last from dates will
be an attractive economically option. The ethanol is
used in a wide field of industries activities (cosmetics,
perfumes, pharmaceuticals, solvents, detergents,
disinfectants and organic acids) [4]. By elsewhere, the
worldwide demand of citric acid is about 6.0 x 105
tons per year and it is bound to increase day by day [5].
Citric acid is the major organic acid produced by
fermentation with Aspergillus niger and widely used in
the food, beverage, chemical, pharmaceutical and other
industries [6].

The basic substrates for citric acid fermentation
using submerged fermentation are beet or cane
molasses. Many micro-organisms such as fungi and
bacteria can produce citric acid. The various fungi,
which have been found to accumulate citric acid in
their culture medium, include strains of Aspergillus
niger, Aspergillus awamori, Penicillium restrictum,
Pencillium simplicissimum, Trichoderma viride,
Saccharomycopsis lipolytica and Yarrowia lipolytica [7].
On the other hand, several extra cellular enzymes are
commercially available. Among them, amylases are
used for hydrolyzing carbohydrate and other constitutes
of soy beans and wheat into simple sugar constituents.

Corresponding Author: S. Acourene, Station of National Institute of Agricultural Research of Algeria (INRAA) Touggourt
BP 17 Ouargla 30200 Algeria.
Email: acourmam @ yahoo.fr
Tel: 00/213/29/69/31/61 Fax : 00/213/29/69/32/88

846



Res. J. Agric. & Biol. Sci., 6(6): 846-860, 2010

These enzymes find potential application in a number
of industrial processes such as food processing,
fermentation, textile, papers industries and with the
advent of new frontiers in biotechnology. The use of
the submerged culture is advantageous for the easier to
engineer in these systems. In recent years, however,
solid state fermentation (SSF) processes have been
increasingly utilized for the production of this enzyme;
however, SSF systems appear promising due to the
natural potential and advantages they offer [8].
Amylases are produced by a variety of micro-organisms
such as Bacillus subtilis, Rhizopus oryzae, Aspergillus
niger, Aspergillus awamori [8]. Aspergillus niger is an
acidifying mould; thanks to its important hydrolytic
capacities in the α-amylase production and its tolerance
of acidity (pH < 3), it allows the avoidance of bacterial
contamination [8]. The selection of a particular strain,
however, remains a tedious task, especially when
commercially significant enzyme yields are achieved.
The thermal stability is an important feature of most of
the enzymes sold in bulk for industrial application. So
the selection of thermophilic micro-organisms is of
particular interest for the production of thermophilic α-
amylases [8]. Algeria imports Baker’s yeast, Ethanol,
Citric acid and amylase from industrially advanced
countries and it involves a huge amount of foreign
exchange. The production process for Ethanol, Citric
acid and Amylases had not been developed in Algeria.
This will lead to the development of an indigenous
technology for the production of these industrially
important metabolites.

The aim of the present study was to investigate the
potential of dates as substrate for the production of
Baker’s yeast, Ethanol, Citric acid and α-amylase using
strains of Saccharomyces cerevisiae ATCC 1102 and
Aspergillus niger ATCC 16404 and the determination
of optimized production conditions.

MATERIEL AND METHODS

1/ Material: The vegetable material used is constituted
of some dates produced by Tinissine variety.

The biological strain used for the production of
Baker’s yeast and Ethanol is Saccharomyces cerevisiae
ATCC 1102. For the production of citric acid and α-
amylase, we used a strain of Aspergillus niger ATCC
16404.

2/ Experimental protocol: 
Dates syrup preparation: The syrup is produced by
heating dates in water at 85 °C during 45 min with
continuous stirring. The extract is filtered, decanted,
clarified and sterilized at 120 °C during 20 min. 

Production of Baker’s Yeast on Fed-batch Culture
Inoculums Preparation: The strains maintained on
agar slope were reactivated in Carlsberg medium.

Thus, in 250 mL Erlenmeyer flask, we put 20 mL
of Carlsberg medium and then inoculated. The amount
of strain used is 1.0 mg. We homogenized and then
incubated at 30 °C for 24 h under continuous agitation
[9]. 

Alcoholic fermentation: The objective of this
fermentation is to adapt the strain of yeast to the
culture medium used. Thus, 300 mL of dates syrup
enriched in protein and minerals were inoculated with
20 mL of inoculums. It adjusts to pH 4.5 and
incubated at 30 ° C during 18 h [10].

Fed-Batch culture: The Fed-batch culture was
conducted over a period of 15 h and we used a
fermentor (New Brunswick Scientific) of 3 L capacity.
Fermentation temperature is maintained at 30 °C and
the pH is set at 4.5. The agitation was 300 rpm and
aeration of 2.0 L/L/min. All the experiments were run
parallel in triplicates.

Production of Ethanol:
Inoculums Preparation:The strains maintained on agar
slope were reactivated in Carlsberg medium. Thus, in
a 250 mL Erlenmeyer flask, we put 20 mL of
Carlsberg medium and then inoculated. The amount of
strain used is 1.0 mg. We homogenized and then
incubated at 30 °C during 24 h under continuous
agitation [9].

Fermentation Process: After incubation, the inoculums
is transferred to a fermentor (New Brunswick
Scientific) of 3 L capacity filled to 2/3 of its volume
of dates syrup enriched with ammonium phosphate at
0.5 to 2.5 g/L. The fermentation is conducted in
anaerobic at temperature of 30 °C during 72 h. All the
experiments were run parallel in triplicates.

Production of Citric Acid:
Inoculums Preparation: A loop full of Aspergillus
niger ATCC 16404  was spread on sterilized potato
dextrose agar plate and incubated at 30 °C for 5 days.
After growth and sporulation, 40 mL of distilled water
was added to each Petri dish. About 106 CFU/mL
suspensions were produced [11].

Fermentation Process: The fermentation was
performed in fermentor (New Brunswick Scientific) of
3 L capacity containing 1.0 L dates syrup. The
vegetative inoculums was transferred to the production
medium at level of 0.5 % (w/v) based on the total
working volume of the fermentation medium. The
incubation temperature was kept between 20 - 40 °C.
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The initial pH was adjusted between 2.0 - 6.0.
Necessary agitation intensity was also maintained at
200 rpm/min. Silicone oil was used to control the
foaming during fermentation. All the experiments were
run parallel in triplicates.

Production of Α-amylase
Inoculums Preparations: Inoculate was prepared on
100 mL Erlenmeyer flask with 20 mL of medium,
composed by (g/L): Glucose, 20; (NH4)2SO4, 6.6;
KH2PO4, 3.5; FeSO4, 0.15; MgSO4, 0.10; MnCl2,
0.45 and peptone, 3.0; at pH 6.8. The culture was
incubated at 30 °C/ 48 h. Spores were suspended under
agitation with a magnetic stirrer and diluted to be
suspension about 3 x 108 CFU/mL, then used as
inoculums for the fermentation process [12].

Fermentation process: The cultures were developed on
250 mL Erlenmeyer flasks containing 50 mL of dates
syrup, improved by adding nitrogen source and
KH2PO4. The media were adjusted at pH varying
between 4.0 and 9.0, inoculated with 2 % (w/v)
inoculums level (3 x 108 CFU/mL) and incubated at 30
°C during 48 - 144 h. All the experiments were run
parallel in triplicates.

Analytical Methods:
Determination of Dry Biomass Quantity: The dry
biomass quantity of Baker's yeast is estimated by
centrifugation of 100 mL of culture medium in pre-
weighed tubes, then washed twice with equal volume
of deionised water.  The cell pellets were dried at 70
°C to constant weights [9].

Dosage of ethanol: Ethanol was assayed by gas
chromatography (Shimadzu, Kyoto, Japan). Thus, we
prepared a series of mixtures containing, per 10 mL of
ethanol content solution ranging from 3 to 21%. In
each mixture, add 1 mL of propanol. Then, we injected
0.3 µL of each solution implemented. We draw a
calibration curve to determine the ethanol content [13].

Dosage of Citric Acid and Residual Sugars: Citric
acid and residual sugars were determined by Shimadzu
HPLC instrument (Shimadzu, Kyoto, Japan) equipped
with UV detector model SPD-10Avp, column oven
model CTO-10Avp. The elluent used for analysis was
0.01N sulphuric acid solution. HPLC analyses were
carried out under the following operation conditions:
Pump flow, 0.6 mL/min, column temperature 40 °C,
sample amount 20 µL and integration method [14].

Enzyme assays: Alpha amylase activity was
determined according to [15]. Amylase was assayed by
adding 0.1 mL of enzyme fermented broth supernatant
to 0.2 mL of 0.5 % soluble starch and incubated for 30

min at 37 °C.  The reaction was stopped by adding 0.4
mL of 3.5 dinitro-salicylic acid followed by boiling for
10 min. The final volume was made to 10 mL with
distilled water and the absorbency measured at 540 nm
with U.V spectrophotometer. A calibration curve of
absorbance and concentration of D-glucose was
established with known amount of glucose.

One unit of amylase activity was defined as the
amount of enzyme that releases 1 µmol of reducing
sugar as D-glucose per min under the assay conditions.
The results are presented as specific activity
(µmol/L/min). 

RESULTS AND DISCUSSIONS 

Optimisation of Baker's Yeast Production: The Fed-
batch culture was conducted over a period of 15 h. In
this test, we used urea as nitrogen source. Under these
experimental conditions, we noted that the biomass
yield increased gradually as the dilution rate increases
to a maximum of 29.2 g/L at 0.22 h-1. In addition,
they decrease to reach 20.1 g/L at dilution rate of 0.30
h-1 (Fig. 1).

So, the best results were obtained with a dilution
rate of 0.22 h-1. This dilution rate is similar to those
applied by [16,17,18]. However, [19,20] obtained higher
biomass yields with lower dilution rate of 0.15 h-1. By
cons, [21,22] obtained better yields at dilution rates
ranging between 0.24 and 0.28 h-1. According to [23],
at dilution rate below than 0.28 h -1, the glucose
metabolism was fully respiratory and absence of
ethanol production was observed with strain of
Saccharomyces cerevisiae DS28911. According to [24],
at high dilution rate (higher than 0.28 h -1), the
biomass yield of Baker’s yeast decreases due to the
production of ethanol. Thus in our study, a net
decrease in biomass yield was observed at a dilution
rate of 0.30 h-1. This is probably due to an excess of
sugar in the medium preventing good oxygen diffusion.
The same result has been reported by [18,20]. Concerning
the nitrogen source, the obtained results show that the
use of urea provides low biomass yield i.e., 29.2 g/L
compared to other nitrogen sources. For cons, the
highest biomass yield was obtained with ammonium
phosphate i.e., 45.37 g/L (Fig. 2). Similar results were
reported by [20]. The improvement of biomass yield
obtained with this nitrogen source is probably related
to the contribution of this nitrogen source in
phosphorus in appreciable quantities in the medium,
essential for the growth of yeasts [18].

Regarding to the vitamin source, the results in
Table 1 shows that the addition of biotin and calcium
pantothenate in the medium had no significant effect on
biomass yields. Thus, they vary between 45.37 and
47.20 g/L.
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Fig. 1: Evolution of biomass yield following dilution rate

Fig. 2: Evolution of biomass yield following nitrogen source

Table 1: Evolution of biomass yield following vitamin source
Caractères Quantity of  biomass in g/L

Témoin 45.37
----------------------------------------------------------------------------------------------------------------------------
2 mg/l 45.5
----------------------------------------------------------------------------------------------------------------------------

Biotine 4 mg/l 46.8
----------------------------------------------------------------------------------------------------------------------------
6 mg/l 46.4
----------------------------------------------------------------------------------------------------------------------------
8 mg/l 47.2
Témoin 45.37
----------------------------------------------------------------------------------------------------------------------------
1 mg/l 46.1
----------------------------------------------------------------------------------------------------------------------------

Calcium Pantothenate 2 mg/l 46.6
----------------------------------------------------------------------------------------------------------------------------
3 mg/l 46.8
----------------------------------------------------------------------------------------------------------------------------
4 mg/l 47
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Table 1: Continue
Témoin 45.37
----------------------------------------------------------------------------------------------------------------------------
0.2 mg/l 45.97
----------------------------------------------------------------------------------------------------------------------------

Thiamin 0.4 mg/l 46.3
----------------------------------------------------------------------------------------------------------------------------
0.6 mg/l 49..52
----------------------------------------------------------------------------------------------------------------------------
0.8 mg/l 49.27

This is probably related to the richness of the dates
in these vitamins. Similar results were obtained by [9]

on dates medium. However with thiamine, a slight
improvement in biomass yield (49.52 g/L) was noted
and the required optimum content is 0.6 mg/L.

Optimisation of Ethanol production: The ethanol
content evolve gradually during the fermentation,
reaching to 64.0 g/L in 24 h and then 102.0 g/L in 48
h to stabilize at122.0 g/L beyond 72 h (Fig. 3). 

The optimum fermentation period for maximum
ethanol production is 72 h. Our finding is an agreement
with those obtained by [4,25]. However, [26] obtained
optimum ethanol content for 48 h using a strain of
Zymomonas mobilis. By cons, [27] obtained lower levels
of ethanol i.e., 93.0 to 102.0 g/L during a fermentation
period of 96 to 105 h. Furthermore, the results in Fig.
4 shows that the substrate based on dates produced by
the cultivar Degla-Beida gives an ethanol content better
i.e.,126.0 g/L compared to sucrose and molasses i.e.,
92.0 and 100.0 g/L, respectively. In general, the
ethanol content obtained with dates are high i.e., 118.0
to 126.0 g/L compared to others substrates. At this
effect, the substrates based on dates rich in reducing
sugars give better ethanol content compared to sucrose
and molasses rich in sucrose. These results are
consistent with those obtained by [25].

On the other hand, the ethanol content increase
gradually as the amount of inoculums used increases to
stabilize beyond 4 % (w/v). Thus, the ethanol content
obtained reached value of 127.0 g/L using an
inoculums greater than or equal to 4 % (w/v). So, the
optimal inoculums level was 4 % (w/v). The weakest
ethanol content i.e., 62.4 g/L was obtained with an
inoculums level of 1 % (Fig. 5).

This result is an agreement with those obtained by
[28,29]. By cons, [30] obtained higher yields of ethanol
with an inoculums concentration of 15 % (w/v). In
addition, the ethanol content increase with increases
sugars content of medium and they spend 62.0 g/L
with a sugar content of 12 % to 131.0 g/L with sugars
content of 18 % to drop to 103.0 g/L with sugar
content of 30 % (Fig. 6).

So, the optimal sugar concentration for maximum
ethanol production is 180 g/L. These results are similar
to those obtained by [26]. In this study, we used

different concentrations of ammonium phosphate,
namely 0.25, 0.5, 1.0, 2.0 and 2.5 g/L. Thus, an
improvement of the ethanol content with increasing
ammonium phosphate concentration was observed to
stabilize at a maximum of 131.0 g/L with a
concentration greater than or equal to 1.0 g/L (Fig. 7). 

The nitrogen source is considered as a nutrient
responsible for limiting the rate of alcoholic
fermentation by Saccharomyces cerevisiae [31].

Thus, [32] consider the ammonium phosphate as the
best nitrogen source for production of ethanol
compared to potassium nitrate, sodium nitrate,
ammonium sulphate and urea. The maximum ethanol
produced during fermentation is closely related to the
amount of available nitrogen present in the culture
medium [31]. The optimum content of ammonium
phosphate obtained in this study is 1.0 g/L, while
several authors advocate 2.0 to 2.5 g/L [4,26,31]. Finally,
several authors have focused on improving ethanol
yield and especially the study of factors responsible for
the inhibition of the biosynthesis of ethanol, which
appear at the end of fermentation. At this effect, [31]

showed that very low concentrations of alcohol, less
than 6 % result in a partial inhibition and irreversible
exo-kinase. This inhibition is complete when the
alcohol concentration reaches 15 % or more [33].

Optimisation of Citric acid production: In the present
study, cultural conditions such as fermentation period,
methanol concentration, initial pH and ammonium
nitrate concentration were optimised. The obtained
results shows that the citric acid production of 10.9 g/L
was observed after 24 h to reach to the maximum
value of 69.1 g/L after 144 h (Fig. 8).

Our finding is an agreement with those obtained
by [11,34,35]. Further increase in fermentation period at
192 h a slight decrease in citric acid production i.e.,
67.2 g/L was observed. It might be due to the
decreased available nitrogen in fermentation medium,
the age of fungi and depletion of sugar contents [34].
The similar results have also been reported by [36]. By
elsewhere, [37,38] obtained a maximum citric acid yield
with molasses based medium, 168 h after inoculation.
So, our findings are more significant as compared to
previous workers because reduction of fermentation
period reduced the cost of citric acid  production. As 
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shown in Fig. 9, the addition of 3 % methanol in the
fermentation medium increases the citric acid yield
from 69.1 to 79.8 g/L. Beyond 3 % of methanol, no
improvement on citric acid production was noted i.e.,
80.5 g/L.

According to [39], the addition of 1.0 % of
methanol was found to give maximum amount of citric
acid. Previous reports stated that the presence of
methanol in the fermentation medium may increase
citric acid production [11,39]. On the other hand, [40]

reported that the addition of 4 % of methanol to the
fermentation medium induced citric acid production
which probably chelates high levels of inhibitory metal
ions like Cu, Fe, and Zn present in the medium.
Methanol is not assimilated by Aspergillus niger and
its exact role in stimulation of citric acid production is
still not clear [41]. Other studies showed that the
methanol stimulate citric acid production by affecting
growth and sporulation on space organization of the
membrane or changes in lipid composition of the cell
wall [39]. The production of citric acid by Aspergillus
niger is very sensitive to initial pH of fermentation
medium. The maintenance of favourable pH is very
essential for the successful fermentation of citric acid
[6]. The obtained result shows that the maximum citric
acid yield i.e., 81.5 g/L was achieved when the initial
pH of fermentation medium was kept at 2.5 - 3.5 (Fig.
10). 

These results were consistent with findings of [38]

they found that the maximum of citric acid yield was
obtained at pH 3.5. A low pH also inhibits the
production of unwanted organic acids (gluconic acid,
oxalic acid) and this makes the recovery of citric acid
from the broth simpler [38,41]. In addition, low pH
inhibits lightly the growth of Aspergillus niger and
reduces the risk of contamination of the fermentation
with other micro-organisms. Increase in initial pH
caused reduction in citric acid production. When the
pH was further increased from 4.5, the production of
citric acid decreased gradually and yields obtained at
pH 4.5, 5.0 and 6.0 are 54.3, 52.1 and 49.5 g/L,
respectively (Fig. 10). The higher initial pH leads to
the accumulation of oxalic acid as reported by [35,41].
According to [38], increasing initial pH to 5.0 during the
production phase reduces the final yield of citric acid
by up to 80 %. However, [36] have obtained a
maximum amount of citric acid, with an initial pH of
the culture medium of 6.0. Similarly, [36,42] have
obtained a maximum citric acid yield at pH 5.5.
Finally, [43] recommends an initial pH of fermentation
medium to 4.0 in order to optimize the production of
citric acid. On the other hand, Nitrogen has a profound
effect on citric acid production because it is not only
important for metabolic rates in the cells but it is also
the basic part of cell proteins. Also, the type and
concentration of nitrogen source affect fungal growth

and the synthesis of citric acid [6]. Thus, a comparative
study shows the use of ammonium nitrate as nitrogen
source gives a high citric acid yield i.e., 81.5 g/L
compared to those obtained with ammonium carbonate
i.e., 60.8 g/L (Table 2).

By elsewhere, the weakest citric acid yields i.e.,
46.7 - 54.4 g/L were obtained at ammonium nitrate
concentration inferior or equal to 1.5 g/L (Fig. 11). 

It might be due to the lower supply of available
nitrogen for mycelia growth. The citric acid yield
increased gradually as the ammonium nitrate content
added to the fermentation medium becomes more
important. The maximum value i.e., 97.0 g/L was
achieved at 2.5 g/L of ammonium nitrate. This result
is in agreement with those obtained by [35]. An
advantage of using ammonium salts is that the pH
declines as the salts are consumed and a low pH is a
requirement of citric acid fermentation [6,41]. Any
increase or decrease other than this concentration,
resulted in the disturbance of fungal growth and
subsequently in citric acid production. So, beyond 2.5
g/L, the yield obtained decrease to 65.3 g/L at 3.0 g/L
(Fig. 11). Similarly, [44] noted that the high nitrogen
concentration increase fungal growth and sugar
consumption but decrease the citric acid yield.
However, [45] obtained a high citric acid at high
ammonium nitrate concentration (3.5 g/L). 

Optimisation of α-amylase Production: The
incubation time for achieving maximum enzyme level
is governed by the characteristics of the culture. The
results obtained shows that the α-amylase production
begins at 48 h i.e., 760 µmol/L/min to reach to a
maximum value at 96 h, i.e., 1680.66 µmol/L/min (Fig.
12).

So, the optimum time of enzyme synthesis was to
be 96 h after inoculation.. A similar result was reported
by [46]. By cons, [47] reported that Thermomyces
lanuginosus strain produced high titters of enzymes at
120 h. The α-amylase activity showed a gradual
decrease on further extension of fermentation period.
Incubation beyond 96 h was undesirable as this
resulted in decreased α-amylase activity. The decrease
in enzyme yield after optimum level may be due to the
denaturation or decomposition of α-amylase due to
interaction with other components in the medium [48].
At the later stage, when nutrients were depleted, it
reached its stationary phase and could have started
producing secondary metabolites, resulting in a lower
α-amylase activity i.e., 1220.33 µmol/L/min at 144 h.
Similar results were obtained by [49]. The production of
α-amylase is very sensitive to initial pH of the
fermentation medium. The obtained results showed that
the maximum α-amylase activity i.e., 1712.00
µmol/L/min was obtained at pH 5.5 (Fig. 13).
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Fig. 3: Evolution of ethanol content following fermentation period

Fig. 4: Evolution of ethanol content following substrates

Fig. 5: Evolution of ethanol content following inoculums quantity
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Fig. 6: Evolution of ethanol content following sucrose content 

Fig. 7: Evolution of ethanol content following ammonium phosphate content

Fig. 8: Evolution of citric acid yield following fermentation period 
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Fig. 9: Evolution of citric acid yield following methanol content

Fig. 10: Evolution of citric acid yield following initial pH

Fig. 11: Evolution of citric acid yield following ammonium nitrate content
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Fig. 12: Evolution of α-amylase activity following fermentation period

Table 2: Evolution of citric yield following nitrogen source  
Nitrogen source Ammonium carbonate Ammonium nitrateQuantity of 
citric acid in g/L 60.80 81.5

Our findings are comparable to previously reported
results from literature. On the other hand, [12,50] reported
a maximum α-amylase production at pH 5.0 and pH
6.0. By cons, [51] reported that the pH 3.5 is the best
for the production of α-amylase. When the pH is
altered below or above the optimum, the activity is
decreased or becomes denatured. So, the α-amylase
activity obtained at pH 4.0 and 9.0 are 923.13 and
1110.00 µmol/L/min, respectively (Fig. 13). According
to [49], the growth and enzyme production were
inhibited when the initial pH of the medium was above
pH 10.0 or below pH 4.0. Variation in initial sugars
concentration showed that the α-amylase synthesis was
related to the availability of sugars content. The
obtained results show that the α-amylase activity
increased with increases sugars concentration. The
maximum yield i.e., 1984 µmol/L/min was obtained at
20 g/L of sugars concentration (Fig. 14). 

This result corroborates the studies undertaken by
[52,53] with Bacillus subtilis and Aspergillus niger.
Added nitrogen sources have been reported to have an
inducing effect on the production of various enzymes
including α-amylase in submerged fermentation [54].
Among the nitrogen sources tested, the maximum α-
amylase produced was obtained with yeast extract, i.e.,
2264.00 µmol/L/min followed by urea (1984.00
µmol/L/min), peptone (1966.66 µmol/L/min) and
ammonium nitrate (1960.00 µmol/L/min). For cons, the
lowest was obtained with ammonium carbonate, i.e.,
1133.33 µmol/L/min (Fig. 15). 

According to [55], the nature and relative
concentration of nitrogen source are important in
formation of α-amylase. Among the organic sources,
supplementation of yeast extract showed an increased
in the amylase activity. Presence of organic nitrogen
sources such as, yeast extract and peptone has been

reported to enhance α-amylase production by
Aspergillus niger but inorganic nitrogen source such as
ammonium chloride, repressed the enzymes production
[54]. Ammonium nitrate also enhanced α-amylase
activity relatively but ammonium carbonate showed a
negative influence, showing a steep decrease in α-
amylase activity. So, we could say that the yeast
extract is the best nitrogen source. Similar observations
were recorded by [12,53,56]. Similarly, [57] reported that the
addition of yeast extract to wheat bran media resulted
in almost doubled gluco-amylase activity. On the other
side, [47,55] shows that the Peptone was the best nitrogen
source. As for the nitrogen content, enzyme activity
evolves gradually with the yeast extract concentration
of the medium to reach to a maximum value i.e., 2400
µmol /L/min at 5.0 g/L. However, beyond 5.0 g/L, the
α-amylase activity dropped to 1616.00 µmol/L/min
(Fig. 16).

Similarly, [58] obtained a maximum enzyme activity
with Aspergillus niger at nitrogen content of 5.0 g/L.
Moreover the maximum gluco-amylase produced was
obtained with concentrations of yeast extract ranging
between 2.0 and 5.0 g/L [47], whereas with Aspergillus
fumigatus, the best concentration is 2.0 g/L [59]. For
cons, the maximum amylolytic activity was obtained at
20.0 g/L [60]. Phosphate serves as the construction
material of cellular components such as cyclic AMP,
nucleic acids, phospholipids, nucleotides and
coenzymes. α-amylase synthesis was found to be
stimulated by phosphate [51]. Lastly, the obtained results
indicate that the maximum level i.e., 2600.0
µmol/L/min of α-amylase activity was obtained at
potassium phosphate concentration of 5.0 g/L. The
lowest rate was obtained at concentration below or
equal to 2.0 g/L (Fig. 17).
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Fig. 13: Evolution of α-amylase activity following initial pH

Fig. 14: Evolution of α-amylase activity following sucrose content

Fig. 15: Evolution of α-amylase activity following nitrogen source
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Fig. 16: Evolution of α-amylase activity following nitrogen content

Fig. 17: Evolution α-amylase activity following phosphorus content

Similar results were obtained by [51]. Moreover, [61]

reported that the synthesis of α-amylase is stimulated
by the addition of phosphorus to the culture medium
and the concentration of potassium phosphate
recommended is 7.0 to 10.0 g/L. By cons, [62] did not
obtain a significant improvement in gluco-amylase
yields by adding phosphorus to the fermentation
medium based on wheat bran.

Conclusion: Results obtained showed that dates syrup
serve as a good substrate, enabling the growth of
Saccharomyces cerevisia and Aspergillus niger, which
produced a considerable amounts of Baker’s yeast,
Ethanol, Citric acid and α-amylase. Evidently dates
syrup provided necessary nutrients for these micro-
organisms to grow and synthesize these metabolites. 

In summary we can say that the optimum
production of Baker's yeast was obtained with a
dilution rate of 0.22 h-1. Furthermore, the use of
ammonium phosphate improves over 55.37%, biomass

yield compared to urea. Regarding the source of
vitamin, the results show that it is not necessary to
adding the vitamins to the medium during fermentation.
Concerning the optimisation of ethanol production, the
best yields were obtained on a fermentation period of
72 h, inoculums of 4 % (w/v), sugars concentration of
180 g/L and ammonium phosphate concentration of 1.0
g/L In terms of citric fermentation, the optimum
conditions for maximum production of citric acid are:
A fermentation period of 144 h, temperature of 30 °C,
methanol concentration of 3 %, initial pH of 3.5 and
ammonium nitrate concentration of 2.5 g/L. As for the
production of amylase, the optimum conditions are: An
incubation period of 96 h, temperature of 30 °C, initial
pH of 5.5, sugars concentration of 20.0 g/L, the use of
yeast extract as nitrogen source at a concentration of
5.0 g/L and phosphorus content of 5.0 g/L Thus, an
enzymatic activity of 2600.00 µmol/L/min was
obtained.

857



Res. J. Agric. & Biol. Sci., 6(6): 846-860, 2010

REFERENCES

1. Anonymous, 2006. Palmier dattier: Superficies et
productions. .In Statistiques agricoles, Eds.,
Ministère de l’Agriculture,  D.S.A.S.I. Série  B,
pp: 42-44.

2. Jørgensen, H., L. Olsson, B. Rønnow and E.A.
Palmqvist, 2002. Fed-batch cultivation of baker's
yeast followed by nitrogen or carbon starvation:
effects on fermentative capacity and content of
trehalose and glycogen. Applied Journal of
Microbiology and Biotechnology, 59: 310-317. 

3. Ejiofor, A.O., B.O. Solomon,  C. Posten, W.D.
Deckwer, 1994.  Analysis of the respiro-
fermentative growth of Saccharomyces cerevisiae
on glucose in a fed-batch fermentation strategy for
accurate parameter estimation. Applied Journal of
Microbiology and Biotechnology, 41: 664-669. 

4. Touzi, A., 1997.  Production d'éthanol à partir des
déchets de dattes. Revue de Recherche
Agronomique d’Algérie, 1: 53-58.

5. Ali, S., I. Haq and M.A. Qadeer, 2001. Effect of
mineral nutrient on the production of citric acid by
Aspergillus niger. Pakistan Journal of Biological
Science, 32:31-35.

6. Mattey,  M., 1992. The production of organic
acids. Critical Review of Biotechnology, 12: 87-
132.

7. Pazouki, M., P.A. Felse, J. Sinha and T. Panda,
2000. Comparative studies on citric acid
production by Aspergillus niger and Candida
lipolytica using molasses and glucose. Bioprocess
Enginineering, 22: 353-361.

8. Pandey, A., P. Nigam, C.R. Soccol, V.T. Soccol,
D. Singh and R. Mohan, 2000. Advances in 
microbial amylases, Applied Biotechnology and
Biochemistry, 31: 135-152.

9. Al-Obaidi, Z.S., G.M. Aziz, T.S. Al-Hakkah and
M.A. Al-Hilli, 1987. Optimization of propagation
medium for Baker’s Yeast using date extract and
molasses: Determination of the optimum
concentration of micro elements and vitamins. Date
Palm Journal, 5: 64-78.

10. Mohammed, N.A., Z.S. Al-Obaidi, N.A. Hassen
and M.A. Jassem, 1986. Semi-industrial production
of baker's yeast using date extract and molasses.
Journal of Agricultural Water Resource Research,
1: 20-45.

11. El-Holi, M.A., and K. Al-Delaimy, 2003. Citric
acid production from whey with sugars and
additives by Aspergillus niger. African Journal of
Biotechnology, 2: 356-359.

12. Djekrif-Dakhmouche, S., Z. Gheribi-Aoulmi, Z.
Meraihi and L. Bennamoun, 2006. Application of
a statistical design to the optimization of culture

medium for amylase production by Aspergillus
niger ATCC 16404 grown on orange waste
powder. Journal of Food Engineering, 73: 190.197.

13. Pocock, K.F. and B.C. Rankine, 1997.
Measurement of the alcohol content of wine by
gas chromatography. Review of Australian Wine
Brewery Spirit, 93: 32-34. 

14. Crolla, A. and K.J. Kennedy, 2001. Optimization
of citric acid production from Candida lipolytica
Y-1095 using paraffin. Journal of Biotechnology,
89: 27-40.

15. Bernfield, P., 1955. Amylase, α / β. In: Methods
in enzymology, Vol. 1. Eds., S.P. Colowick, N.O.
Kaplan, Academic Press., pp: 149-154.

16. Daramola, M.O. and L. Zampraka, 2008. 
Experimental study of the production of biomass
by Sacharomyces cerevisiae in fed batch fermentor.
Journal of Biotechnology, 7: 1107-1114.

17. Ejiofor., AO, Y. Chisti, and M. Moo-Young, 1996.
Fed-batch production of baker's yeast using millet
(Pennisetum typhoides) flour hydrolysate as the
carbon source. Journal of Industrial Microbiology
and Biotechnology, 16: 102-109.

18. Reed, G. and H.J. Peppler, 1973.  Baker' yeast
production. In: Yeast technology. Eds. Westport
AVI, pub.company, I.N.C, pp: 42-94.

19. Akinyeam, O.P., E. Betiku and B.O. Solomon,
2003. Substrate channelling and energetics of
Saccharomyces cerevisiae DSM 2155 grown on
glucose in Fed-Batch fermentation process. African
Journal of Biotechnolology, 2: 96-103.

20. Miskiewicz, T. and  D. Borowiak, 2005. A logistic
feeding profile for a Fed-Batch baker’s yeast
process. Electronic Journl of  Polish Agricultural
University, 8(4): 1-13.

21. Gueguim-Kana, E.B, J.K. Oloke and A. Lateef,
2007. Novel feeding strategies for Saccharomyces
cerevisiae DS2155, using glucose limited
exponential fed batch cultures with variable
specific growth rates. African Journal of
Biotechnology, 6: 1122-1127. 

22. Shashi, B. and V.K. Joshi, 2006. Baker's yeast
production under fed batch culture from apple
pomace. Indian Journal of Science Research, 65:
72-76.

23. Van-Hoek, P., E. De-Hulster, J. Van-Dijken and
J.T. Pronk, 2000. Fermentative capacity in high-
cell-density fed-batch cultures of baker's yeast.
Journal of Biotechnology and Bioengineering, 68:
517-523.

24. Cannizzaro, C., S. Valentinotti and U. Stockar,
2004. Control of yeast fed-batch process through
regulation of extracellular ethanol concentration.
Journal of Bioprocess and Biosystems Engineering,
26: 377-383.

858



Res. J. Agric. & Biol. Sci., 6(6): 846-860, 2010

25. Kongkiattikajorn, J., A. Rodmui and Y.
Dandusitapun, 2007. Effect of agitation rate on
batch fermentation of mixture culture of yeasts
during ethanol production from mixed glucose and
xylose. Thai Journal of Biotechnology, 5: 1-4.

26. Cazetta, M.L., M.A. Celligoi, J.B. Buzato and I.S.
Scarmino, 2007. Fermentation of molasses by
Zymomonas mobilis: Effects of temperature and
sugar concentration on ethanol production.
Bioresource Technology, 98: 2824-2828.

27. Pramanik, K., 2003. Parametric studies on Batch
alcohol fermentation using Saccharomyces yeast
extracted from toddy. Journal of China Institute of
Chemical Engineering, 34: 487-492. 

28. Caceres-Farfan, M., P. Lappe, A. Larque-Saavedra,
A. Magdub-Mendez and L. Barahona-Perez, 2008.
Ethanol production from henequen (Agave
fourcroydes Lem) juice and molasses by a mixture
of two yeasts. Bioresource Technology, 99: 9036-
9039.

29. Fadel, M. and M.S. Foda, 2001. A novel approach
for production of highly active Baker’s Yeast from
fodder yest, a by product from ethanol production
industry. Pakistan Journal of Biological Science, 1:
614-620.

30. Siva-Kissava, S., S.K. Rakshit and T. Panda, 1995.
Production of ethanol by Zymomona mobilis: The
effect of Batch step feeding of glucose and
relevant growth factors. Prococess Biochemistry,
30: 41-47.

31. Bohlscheid, J.C., J.K. Fellman, X.D. Wang, D.
Ansen and C.G. Edwards, 2007. The influence of
nitrogen and biotin interactions on the performance
of Saccharomyces cerevisiae in alcoholic
fermentations. Journal of Applied Microbiology,
102: 390-400.

32. Mendes-Ferreira, A., A. Mendes-Faia and C. Leao,
2004. Growth and fermentation patterns of
Saccharomyces cerevisiae under different
ammonium concentrations and its implications in
winemaking industry. Journal of Applied
Microbiology, 97: 540–545.

33. Monte-Alegre, R., M. Rigo and I. Joekes, 2003.
Ethanol fermentation of a diluted molasses medium
by Saccharomyces cerevisiae immobilized on
chrysotile. Brazilian Archives of Biology, and
Technology, 46: 29-37.

34. Arzumanov, T.E., N.V. Shishkanva and T.V.
Finogenova, 2000. Biosynthesis of citric acid by
Yarrowia lipolytica repeat-batch culture on ethanol.
Applied Journal of Microbiology and
Biotechnology, 53: 525-529.

35. Ali, S., H.Q. Ikram, M.A. Qadeer and I. Javed,
2002. Production of citric acid by Aspergillus
niger using cane molasses in a stirred fermentor. 
Journal of Biotechnology, 5: 114-125.

36. Ikram, U.H., S. Ali, M.A. Qadeer and I. Javed,
2002. Citric acid fermentation by mutant strain of
Aspergillus niger using molasses based medium.
Journal of Biotechnology, 5: 8-9.

37. Mazhar, R., S.Ali, U.H. Ikram and A. Waheed,
2004. Citric acid fermentation by Aspergillus niger
NG-110 in shake flask. Pakistan Journal of
Biological Science, 3: 360-370.

38. Papagianni, M., F. Frank-Wayman and M. Mattey,
2005. Fate and role of ammonium ions during
citric acid fermentation by Aspergillus niger.
Applied Environmental Microbiology, 71: 7178-
7186.

39. Ikram, U.H., S. Ali, M.A. Qadeer and and J. Iqbal,
2003. Stimulatory effect of alcohols on citric acid
productivity by D-glucose resistant culture of
Aspergillus niger GCB-47. Bioresource
Technology, 86: 227-233.

40. Demirel, G., K.O. Yaykasli A.and Yasar, 2005.
The production of citric acid by using immobilized
Aspergillus niger A-9 and investigation of its
various effects. Food Chemistry, 89: 393-6.

41. Papagianni, M., 2007. Advances in citric
fermentation by Aspergillus niger: Biochemical
aspects, membrane, transport and modelling.
Biotechnology Advances, 25: 244-263.

42. Abdulrahman, M., A. Al-Shehri and S. Yasseer,
2006. Citric acid production from date syrup using
immobilized cells of Aspergillus niger. Journal of
Biotechnology, 5: 461-465.

43. Walid, A.L.,  M.G. Khaled and R.H., 2006. Citric
acid production by a novel Aspergillus niger
isolate:  Optimization of process parameters
through statistical experimental designs.
Bioresource Technology, 19: 171-173.

44. Vandenberghe, L.P.S., C.R. Soccol, A. Pandey ans
J.M. Lebeault, 1999.  Microbial production of
citric acid. Brazilian Archives of Biology and
Technology, 42: 263-276.

45. Saima, K., U.R. Asad, S. Ambreen, A. Sikander,
S. Kiran and U.H. Ikram, 2003. Nitrogen limitation
for citrate accumulation by Yarrowia lipolytica
NRRL-143 in Shake Flask. Journal of Food
Technology, 1: 157-159.

46. Kathiresan, K. and S. Manivannan, 2006. Amylase
production by Penicillium fellutanum isolated from
mangrove rhizosphere soil. African Journal of
Biotechnology, 5: 829-832.

47. Kunamneni, A., K. Permaul and S. Singh, 2005.
Amylase production in solid state fermentation by
the thermophilic fungus Thermomyces lanuginosus.
Journal of Bioscence Bioengineering, 100: 168-
171.

48. Ramesh, M.V. and B.K. Lonsane, 1987. Solid-state
fermentation for production of alpha amylase by
Bacillus megaterium 16M, Biotechnology Letters,
9: 323-328.

859



Res. J. Agric. & Biol. Sci., 6(6): 846-860, 2010

49. Guillen Moreira, F., F. Arrias de Lima, S.R.
Fazzano Pedrinho, V. Lenartovicz, C. Giatti and
R.M. Peralta, 1999. Production of amylase by
Aspergillus tamarii, Review of Microbiology, 30:
1-9.

50. Alva, S., J. Anupama, J. Savla, Y.Y. Chiu, P.
Vyshali, M. Shruti, B.S. Yogeetha, D. Bhavya, J.
Purvi, K. Ruchi, B.S. Kumudini and K.N.
Varalakshmi, 2007. Production and characterization
of fungal amylase enzyme isolated from
Aspergillus sp. JGI 12 in solid state culture.
African Journal of Biotechnology, 6: 576-581.

51. Gangadharan, D., S. Sivaramakrishnan, K.M.
Nampoothiri and A. Pandey, 2006. Solid culturing
of Bacillus amyloliquefaciens for α-amylase
production. Food Technology and Biotechnology,
44: 269-274.

52. Duran-Paramo, E., O. Garcia -Kirchner, J.F.
Hervagault, D. Thomas and J.N. Barbotin, 2000. α-
Amylase production by free and immobilized
Bacillus subtilis. Applied Journal of Biochemistry
and Biotechnology, 84: 479-485.  

53. Hernandez, M.S., M.R. Rodrıguez, N. Perez-Guerra
and R. Perez-Roses, 2006. Amylase production by
Aspergillus niger in submerged cultivation on two
wastes from food industries. Journal of Food
Engineering, 73: 93-100.

54. Kaur, P., H.S. Grewal and G.S. Kocher, 2003.
Production of a-amylase by Aspergillus niger using
wheat bran in submerged and solid state
fermentations. Indian Journal of Microbiology, 43:
143-145.

55. Dharani-Aiyer, P.V., 2004. Effect of C:N ratio on
alpha amylase production by Bacillus licheniformis
SPT 27. African .Journal of Biotechnology, 3: 519-
522.

56. Lagzouli, M., R. Charouf, O. El-Yachioui, M.E.H.
Berny and M. Jadal, 2007. Optimisation de la
croissance et de la production de gluco amylase
extra cellulaire par Candida guilliermondii.
Bulletin  de la Société en Pharmacie, 146: 251-
270.

57. Anto, H., U.B. Trivedi and K.C. Patel, 2006.
Glucoamylase production by solid-state
fermentation using rice flake manufacturing waste
products as substrate. Bioresource Technology, 97:
1161-1166.

58. Teodoro, C.E. and M.L.L. Martins, 2000. Culture
conditions for the production of thermostable
amylase by Bacillus sp. Brazilian Journal of
Microbiology, 31: 298-302. 

59. Cherry, H.M., M.D. Towhid-Hossain and M.N.
Anwar, 2004. Extracellular glucoamylase from the
isolate Aspergillus fumigatus. Pakistan Journal of
Biological Sciences, 7: 1988-1992.

60. Zhu, LY., C.H. Nguyen, T. Sato and M. Takeuchi,
2004. Analysis of secreted proteins during conidial
germination of Aspergillus oryzae RIB40.
Bioscience Biotechnology and Biochemistry, 68:
2607-2612.

61. Zaldivar-Aguero, J.M., A.C. Badino, P.R. Vilaça,
M.C.R. Facciotti and W. Schmide, 1997. Influence
of phosphate concentration on Gluco-amylase
production by Aspergillus awamori in submerged
culture. Brazilian Journal of Chemistry
Engineering., 14: 104-108.

62. Bertolin, T.E., W. Schmidell, A.E. Maiorano, J.
Casara and J.A.V. Costa, 2003. Influence of
carbon, nitrogen and phosphorous sources on
Gluco-amylase production by Aspergillus awamori
in solid state fermentation. Zent Naturforsch, 58:
708-712.

860


