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ABSTRACT

Production of palm dates in the Kingdom of Saudi Arabia (KSA) is estimated to be over 1 million metric tons annually,
which in turn produce a 20% of dates residue annually. In accordance to that, this study aimed at making use of the
wasted date to produce lactic acid through the fermentation process, using single culture Lactobacillus casei (ATCC393)
and Lactobacillus acidophilus (CICC 6088) and mixed culture of both strains. To investigate the effect of single and mixed
culture on the productivity of lactic acid, the fermentation was carried out by using date syrup of 41g/L of sugar (glucose
and fructose) for 72 hr of fermentation at a 37° C, within a pH between 5 to 7, where 34, 36 and 33 g/l were produced at
the highest concentrations of lactic acid at 60hr,with productivities of 0.56, 0.60 and 0.55 g/lhr, respectively. It was
found that the single culture CICC 6088 achieved the highest productivity (0.6 g/Lhr) of lactic acid comparing with ATCC
393 and Mixed culture.
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INTRODUCTION

The Kingdom of Saudi Arabia is one of the leading countries in dates’ production worldwide. In various
regions of the kingdom, about 28 million trees are planted that produce more than 450 kinds of dates [1,
2]. The Kingdom of Saudi Arabia is the world’s third largest date’s producer [3], with a cultivated area
estimated as 156901ha, and a total production of over 1 million Metric Tons (MT) in 2013 [4].
Kaavessina, [5] reported that less than 60% of dates produced in the kingdom have been used, thus,
leaving large quantities of unused dates behind. Thus, there is an urgent need to find suitable means and
processes to add value to this wasted date. Date and their products have many uses, they are consumed,
as additives and sweeteners in many industries. Their syrup, can be used as a sweetener for human
consumption and microbial fermentation to ethanol, vinegar and single cell protein production [6].
Chemical and biological methods are used to open new opportunities for date producers. In Saudi Arabia,
management of agricultural wastes, most of which comes from date’s production is a major problem; this
waste provides a renewable source for many applications. It has been suggested to use low quality date to
produce ethanol [7]. Algeria and Tunisia produced ethanol, citric acid and lactic acid from date waste [8,
9]. Lactic acid has significant applications in the pharmaceutical, cosmetics and food industries [10]. In
addition to its use in the synthesis of biodegradable polymers, lactic acid can be regarded as a feedstock
for the green chemistry of the future [11]. The continuous demand for lactic acid has been increasingdue
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to its increased applications in preparation of biodegradable polymers, medical sutures, and green
solvents [12, 13]. The market capacity has reached around 800,000 tons in 2013, also the global polylactic
acid capacity increased to around 320,000 tons [14]. Currently, research efforts are focused on
discovering new and effective nutritional sources. New fermentation techniques provide a practical
means of achieving both high substrate conversion and high productivity. Lactic acid production has been
studied with various raw materials, such as barley, wheat and corn, and media plays a vital role in the
improvement of such process [15]. Although several substrates were used for lactic acid production by
bacterial fermentation, wasted dates are minimally explored. Due to limited studies on wasted date in
Saudi Arabia (compared to the high international demand for lactic acid). This study aimed to produce
lactic acid from wasted dates in Saudi Arabia using single culture Lactobacillus casei (ATCC393) and
Lactobacillus acidophilus (CICC 6088) and mixed culture of both strains, and their effect in lactic acid
productivity.

MATERIALS AND METHODS

Preparation of date syrup

The wasted dates were supplied from a date factory belongs to college of food and agriculture sciences,
King Saud University Riyadh, Saudi Arabia. Dates were thoroughly cleaned manually to remove dust and
foreign materials. Date fruit is composed of the fleshy part and the seed. The seeds were separated by
manual splitting, and a mill was used for cutting dates to small parts. Two litters of distilled water were
added to one kilogram of dates (V/W=2/1). The mixture was heated at 80°C for 2 hr with continuous
stirring. The date syrup was centrifuged at 3000 rpm for 15 min to separate the cellulosic debris. After
filtration, the date juice was observed to have mainly fructose 59% and glucose 40% with accordance to
HPLC analysis .Then the syrup was sterilized for 15 min at 121° C, and kept in refrigerator at 5° C.

MRS medium and Inoculum preparation microorganism

The composition of the MRS (Man, Rogosa and Sharpe) medium used for each bacteria strainas shown in
Table 1. Sterilization of the medium components was performed by autoclaving at 121°C for 15
minutes.Numerous microorganisms either bacteria or fungi are capable of producing a large amount of
lactic acid from carbohydrates and sugar. Lactobacillus casei (ATCC 393) and Lactobacillus Acidophilus
(CICC 6088) are homofermentative bacteria strains that produce lactic acid. The pre-mentionedbacteria
strains were purchased fromtwo locations, ATCC 393 from (ATCC Company, USA)and CICC 6088 from
(CICC Company, China). To activate the bacteria, the entire pellet was dissolved with 1ml of MRS media
which was then divided equally into two tubes. Each of the divided mixture was then added to two tubes
already containing 4.5ml of MRS. Finally, each tube contains 5ml of the mixture. Both tubes were
incubated and shacked for 24 hours at 37°C and 200rpm. For inoculum preparation, five tubes of MRS
media were prepared and inoculated with 1ml of the prepared mixture. The tubes were incubated and
shacked for 24 hours at 37°C and 200rpm. The stock (parent culture) was kept in the refrigerator at 8°C.

Table1l; MRS media composition for each strain (ATCC and CICC companies)

MRS for ATCC 393 MRS for CICC 6088
10 g/1 Peptone 10 g/1 Peptone

10 g/1 Beef extract 10 g/1 Beef extract

5 g/l Yeast extract 5 g/l Yeast extract

5 g/1 Sodium Acetate 5 g/1 Sodium Acetate
2 g/1 Na;HPO, 2 g/1 K2HPO4

0.1 g/1 MgS04.7H,0 2 g/1 MgS04.7H20
0.05 g/1 MnS04.H,0 0.05 g/1 MnS04.H,0

1 g/1 Tween-80 1 g/1 Tween-80

20 g/1 Dextrose 20 /1 Dextrose

Production medium and Experiment set-up

A date syrup of 41g/l of sugar (glucose and fructose) was used as the substrate. The medium was
sterilized at 121 °C for 15 min, and supplemented with salt solution (containing 0.2 g/1 MgS04, 0.03 g/1
MnSO04, 0.3 g/1 K2HPO4, 0.3 g/1 KH2PO4, 0.02 g/1 FeSO4 and 1 ml/] tween 80), yeast extract (as a nitrogen
source to supplement about 20 g/1).All Lactic acid fermentations were performed as batch culture. The
fermentation experiments were performed in 250 ml Erlenmeyer flasks with 100 ml working volume.
Then, flasks containing the production medium of sugar concentration was inoculated with a portion of
the microorganism culture of (Lactobacullus casei (ATCC 393), Lactobacullus acidophilus (CICC 6088) and

ABR Vol 9 [2] March 2018 100|Page ©2018 Society of Education, India



Bushara et al

mixed culture of both. The mixed culture was obtained as a 50% of (ATCC 393) and 50% of (CICC 6088).
A 20% inoculum grown in the MRS medium of lactobacillus (ATCC 393, CICC 6088 and mixed culture) was
used in all fermentation processes. The fermentation was conducted between pH 5 to 7 by using pH
meter. The pH was maintained manually by adding 5 N NH4OH solution each 6hours. The production of
lactic acid was carried out at a fixed temperature of shaker at 37°C. The agitation rate was 200 rpm, for 60
hr. Three replicates of each experiment were done.

Bio-cell growth and Lactic acid and sugar concentration measurement

Using a spectrophotometer (UV-1201, Japan) at a wavelength of 620nm to determine cell growth. One
millilitre of culture was centrifuged at 7000 rpm for 5 min using (Centrifuge 5415 D, USA). The product of
fermentation was a mixture containing Lactic acid, unconverted substrate, broth and salts. Lactic acid and
sugar concentration were determined using a High-Performance Liquid Chromatography system (HPLC
Agilent model 1260 infinity, USA, equipped with RI, UV detector at 210nm), in which an injection volume
of sample was set at 5 pl. Analytical guard column (4 x 80 mm), and the column temperature that adjusted
at 40°C was diluted with 1mM H,SO4 as a mobile phase at a flow rate of 0.8 ml/min.

RESULTS AND DISCUSSION

Bio-cells growth

The cultivation of Lactobacillus. casei (ATCC 393), Lactobacillus. acidophilus (CICC 6088) and Mixed
culture (L. ATCC 393 L. CICC 6088) were performed to investigate the kinetics of cell growth in
fermentation process as it is shown in Figure 1. The cells grew exponentially until it reached its maximum
growth,the maximum density was achieved after 24 hrfor the three cultures, and therewas no significant
difference between them in the growth.

Sugar Utilization and Lactic acid production

To study the feasibility of using wasted dates as carbon source for lactic acid production, the main sugar
in the date syrups were glucose and fructose according to the HPLC analysis. Figures 2 and 3 show the
utilization of glucose and fructose, respectively for the three bacteria strains. The case of glucose in Figure
2 displays the utilization of glucose from 16 g/l of initial concentration by the single culture ATCC 393
and CICC 6088 and the mixed culture at 24 hr. Also, fructose (of 25 g/l initial concentration) was 100%
utilized by, ATCC 393, CICC 6088 and mixed culture at 60, 66 and 66 hr, respectively as shown in Figure 3.
It is obvious that in sugar utilization, the glucose was consumed easily and quickly by the three bacteria
strains comparing with fructose. This reveals that our all selected bacteria strains (ATCC 393, CICC 6088
and mixed culture)prefer glucose than fructose within our specific conditions that prepared for
fermentation processes.

Figure 4 shows the variation of lactic acid production with time during the fermentation process. The
highest concentration of lactic acid was observed to be 36 g/l,obtained by CICC 6088. While ATCC 393
and mixed culture obtained 34 and 33 g/1 of lactic acid concentrations,respectively.From Figure 4, it was
noted that after 60 hr the concentration of lactic acid production of the three strains started declining,
due to absence of sugar.Productivity (expressed as product concentration divided by fermentation time),
is shown in Table 2. These results showed that the mixed culture system was ineffective comparedto
single culture regarding the productionof lactic acid. The results in this study agrees with other reports,
such asSerna et al, [16] who reported that the Highproduction of lactic acid was obtained at 14 and 32
g/1 during 48 hr, using a strain of Lactococcuslactis subs lactis and glucose concentrations of 20 and 60 g/I,
respectively. Also, Jacob et al,, [17] Used mixed culture from low value dates syrup at initial total sugar
concentration of 56.8 g/1 and achieved lactic acid of 49 g/1.

Table2; Production and productivity of lactic acid by single culture ATCC 393 and CICC 6088 and Mixed
culture at 60 hr.

Kinetic Parameters ATCC 393 | CICC 6088 | Mixed Culture
Maximal Lactic acid concentration, (g/1) | 34 36 33
Maximal Lactic acid productivity, (g/Lhr) | 0.56 0.60 0.55
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Figurel. Cells growth during fermentation.
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Figure. 2. Variation of glucose utilization with time.
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Figure 3. Variation of fructose utilization with time.
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Figure 4. Concentration of lactic acid production for three bacteria with time during fermentation

CONCLUSION

In this study,lactic acid was produce from wasted dates using single culture Lactobacillus casei (ATCC
393) and Lactobacillus acidophilus (CICC 6088) and mixed culture.The investigations achieved 34, 36 and
33 g/l of lactic acid, respectively from 41 g/1 of sugar (date juice). The study findings demonstrated that
wasted dates are possible to substitute most of the new dates without a decrease in lactic acid production.
Also from this study, it appears that the valuation of date’s syrup by biological means (fermentation) to
produce lactic acid has certainly huge advantages.
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