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Abstract

The present study was an investigation on comparative L-glutamic acid production by wild-type and a mutant strain of
Corynebacterium glutamicum using rice bran pretreated with H,SO, and KOH. Owing to the high carbohydrate (Cellulose)
content of acid-treated and alkali-treated rice bran as determined (64.25% and 76.37% respectively), attempt was made to
utilize the rice bran for the production of glutamic acid by submerged fermentation. The acid-treated and alkali-treated rice
bran at concentration of 4% gave the highest glutamic acid yield of 27.84g/L and 15.72g/L respectively with the developed
mutant strain (CG"'™) under predetermined optimum fermentation conditions. In contrast, lower yields of 10.40g/L and
9.08g/L respectively were obtained with the wild-type strain under similar optimum culture conditions. Out of four parameters
optimized, substrate concentration and inoculum size were found to significantly (p<0.05) influence glutamate production by
CG™™, but only pH variation was found to be significant on the performance of the wild-type strain in glutamate production.
Acid-treated rice bran hydrolysate was determined to be a better substrate for L-glutamate production by the CGN™ mutant
than the wild-type strain of C. glutamicum. The mutant strain (CGN™) developed could therefore be useful in the industrial
production of glutamic acid using rice bran as substrate.
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containing mycolic acids and are widely distributed in the
1. Introduction natural world. A non-pathogenic species, such as the
Corynebacterium glutamicum was originally isolated as an
L-glutamate-producing bacterium. Corynebacterium
glutamicum 1is catalase positive and uses fermentative
metabolism to break down carbohydrates [12]. It is a biotin
auxotroph that secretes L-glutamic acid in response to biotin
limitation [26]. This process is employed in industrial L-
glutamic acid production. Fatty acid ester surfactants such as
Tween 40 and Tween 80[4] as well as penicillin also induce
L-glutamic acid secretion, even in the presence of biotin.
However, the mechanism of glutamic acid secretion remains
unclear. In addition to exploitation of wild type strains for

L-Glutamate is a non-essential acidic amino acid mainly used
as a flavouring agent or enhancer. It has a distinctive taste,
known as “umami” that neither is sweet, sour, salty nor bitter
[20]. Globally, about 1.8 million tons of monosodium
glutamate is produced annually by fermentation using
coryneform bacteria [20]. L-Glutamate is known as the major
excitatory neurotransmitter in the nervous system [14] and is
therefore widely used in food, pharmaceutical, medical,
biochemical and analytical industries. These coryneforms are
rod-shaped,  non-sporulating  Gram-positive  bacteria
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amino acid biosynthesis, different advanced techniques for
strain improvement such as mutagenesis, cloning and
protoplasm fusion are used [6]. Glucose and other carbon
sources such as beet molasses and cassava residues [17] are
used as substrates for glutamic acid production. These are
relatively expensive. Other cheap agricultural residues could
equally be used as alternative sources of carbon for the
production of glutamic acid as reported by [38].

2. Materials and Method

2.1. Experimental Design

The experimental design consisted of a completely
randomized block systems with two (2) substrate’s treatments
(Acidic and Alkaline), and four replicates, two (2) for each of
the regulatory mutants and the wild-type strains of
Corynebacterium glutamicum.

2.2. Collection of Samples

Four (4) distinctive locations of Samaru village were opted
for soil assortment to isolate Corynebacterium glutamicum. A
total of five (5) soil samples were collected from different
parts of flower bed around the Department of Microbiology,
Ahmadu Bello University, Zaria, and two (2) samples each
from paddock, chicken-run and sheep-pen were collected
from Samaru village at a depth of about 10cm. Each sample
was packaged in a clean polythene bag, labeled appropriately
and then transported to the Department of Microbiology,
Ahmadu Bello University, Zaria for analyses.

About 1kg of fresh and fine-textured rice bran was collected
from rice milling station at Samaru village, Sabon Gari Local
Government Area of Kaduna state. The rice bran sample was
packaged into polythene bag, labeled appropriately and then
transported to the Department of Microbiology, A.B.U. Zaria
for analyses.

2.3. Treatment of the Rice Bran (Substrate
Pre-treatment)

Lignocellulosic biomass holds remarkable potential for
conversion into commodity products presenting dual
advantage of sustainable resource supply and environmental
quality. Though their utilization does not compete with food
and feed demand, its bioconversion and utilization is
facilitated by pretreatment.

Substrate

Rice bran is a low cost source of cellulose [22], abundantly
available in northern parts of Nigeria and other parts of the
world where rice is being cultivated as a staple food crop.
Rice bran was separately pre-treated using sodium hydroxide
and sulphuric acid and was used as substrate for fermentation

to glutamic acid production.

2.3.1. Alkaline Pre-treatment

A weighed amount of 25g of the fresh rice bran was placed in
a 1000ml Erlenmeyer flask and 225 ml of 3% (w/v) NaOH
solution was added. The flask was cotton- plugged and
autoclaved at 121°C for 30 min. The material obtained after
treatment was then filtered through muslin cloth and washed
several times under running distilled water until no color is
visible in the wash water and the pH adjusted to
physiological value (7.2). The neutralized residue was then
pressed manually to remove excess water and used for the
enzymatic hydrolysis and fermentation to glutamic acid.
Small portion of the treated biomass was dried in an oven at
70°C for 24 h and was ground to fine particle size in a
laboratory mill for the compositional (Proximate) analysis
studies [22] at the Department of Food Science, Institute of
Agricultural Research, Ahmadu Bello University, Zaria.

2.3.2. Acidic Pre-treatment

The method described by [29] was adopted. About 25¢g of the
rice bran sample was added to a 1000ml flask and about
225ml of 3% sulphuric acid was added to the sample. The
mixture was autoclaved at 121°C for 30 min and the material
obtained after treatment was then filtered through muslin
cloth and washed several times under running distilled water
until no color is visible in the wash water and the pH adjusted
to physiological value (7.2) following calcium hydroxide
over-liming. The neutralized residue was then pressed
manually to remove excess water and used for the enzymatic
hydrolysis and fermentation to glutamic acid. Small portion
of the treated biomass was dried in an oven at 70°C for 24 h
and was ground to fine particle size in a laboratory mill for
the compositional (Proximate) analysis studies [29] at the
Department of Food Science, Institute of Agricultural
Research, Ahmadu Bello University, Zaria.

2.4. Proximate Analyses of the Sample

About 8g of each of the acid-treated and alkali-treated dried
unfermented rice bran samples were used to carry out
proximate analyses at the Department of Food Science,
Institute of Agricultural Research, Ahmadu Bello University,
Zaria in order to determine the total carbohydrate content, the
crude protein content, crude fat, crude fiber, ash content and
moisture content as the percentage compositions of the
substrate according to the methods adopted by [3].

2.5. Isolation and Characterization of
Corynebacterium glutamicum

2.5.1. Media Preparation
The following media used were of analytical grade (OXOID)
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and were prepared according to manufacturer’s instruction;
Loeftler’s Blood Serum Medium, Modified Hoyle’s Medium,
Sheep Blood Agar, Motility medium.

2.5.2. Isolation of Corynebacterium
glutamicum

A weighted amount of 25g of each of the five (5) soil
samples was separately added to 225ml of sterile distilled
water and a tenfold serial dilution was carried out to a
dilution of 10” using sterile normal saline as diluent. A
loopful (0.Iml) from each of the 1:10* diluted soil
suspensions was separately inoculated onto slants of
Loeftler’s medium which was the primary isolation medium
by streaking. The inoculated slants were then incubated at
35°C for 48 hr. Discrete; well isolated colonies were selected
and identified. These were sub-cultured on the selective
medium- modified Hoyle’s medium and also incubated at
35°C for 48 hr. The isolates were used as source of culture to
be screened for the production of L-glutamic acid [3]. The
isolates were sub-cultured onto nutrient agar slants for
subsequent identification and use.

2.5.3. Identification of Corynebacterium
glutamicum

Identification of Corynebacterium glutamicum was primarily
based on the taxonomic comparison. The characteristic
morphological, cultural and biochemical properties were
observed [8].

i. Cultural Characterization

All media inoculated for isolation of the organism were
observed for colonial morphology such as size, pigmentation,
form, margin and elevation.

ii. Morphological Characterization

Such morphological characteristics as the cell shape, cell
arrangement as well as the Gram’s reaction of the organism
were determined by Gram staining technique. Other staining
techniques such as spore-staining were also carried out to
morphologically characterize the isolates [19].

iii. Biochemical Characterization

Several different biochemical tests were carried out
according to manufacturer’s instructions. These include;
carbohydrate  (Glucose, Fructose, Sucrose, Lactose,
Arabinose, Galactose and Maltose) fermentation tests,
catalase test, nitrate reduction test, aesculin hydrolysis,

gelatin liquefaction and urease tests.
2.6. Preliminary Screening

2.6.1. Screening Medium

The compositions of the screening medium used for L-

glutamate production per 1000 ml of dH,O is as follows;
Glucose, 5gm; Calcium carbonate, lgm; Ammonium
sulphate, 1gm; Potassium di-hydrogen phosphate, 0.3gm; Di-
potassium hydrogen phosphate, 0.7gm; Magnesium sulphate
hepta-hydrate, 0.01gm; Ferrous sulphate hepta-hydrate,
0.2mg; Magnesium chloride tetra hydrate, 0.2mg; Thymine
hydro chloride, 20ug; and d-Biotin, 10pg.

2.6.2. Culture Procedure

Screening medium (100 ml) was taken in each 250 ml
sterilized flask and inoculated with 24 hours old bacterial
broth culture. After inoculation, the flasks were incubated on
a shaker incubator at 37°C for 96h at 180 rpm. Samples were
taken after 96h and centrifuged at 5000rpm for 10 min.
Supernatants were then examined for L- glutamic acid.

2.6.3. Qualitative Estimation

Qualitative analysis for L-Glutamate was done by paper
chromatographic technique [13]. For paper chromatography,
Whatman No. 1 filter paper having dimensions 19x10 was
used, spotted with standard glutamate solution and solution
from the supernatant of the samples, 3cm above from the
bottom by means of micro capillary tube. At room
temperature, spots were air-dried. The paper was then dipped
up to 1.5cm in solvent system having 30ml Butanol, 5ml
acetic acid and 5ml dH,O (6:1:1). By using ascending
method, chromatograms were developed by allowing the
solvent to run for three hours, up to 12cm from the bottom.
After air-drying, the paper was sprayed uniformly with 0.5%
ninhydrin in (95%) acetone. The paper was then placed in an
oven set at 65°C for five minutes after air-drying. Colored
zones of amino acids were produced which indicated the
position of amino acids present in the sample(s). Through
these well-defined colored zones, the retention factor (RF)
was also calculated and the glutamic acid present in the
unknown samples was identified by comparing with the
standard glutamic acid colored zone based on their RF.

2.6.4. Quantitative Estimation of Glutamate

For quantitative estimation of the amino acid produced, 2 ml
of the supernatant from each of the fermented screening
medium was taken separately in test tubes and 2 ml of 5%
ninhydrin in acetone was added and heated for 15 min in
boiling water bath. The tubes were then cooled to room
temperature and glutamate was quantitatively estimated by
taking readings at 570 nm using spectrophotometer with
reference to the standard curve.

2.7. Mutagenesis

2.7.1. Mutation with Nitrous Acid

The isolates were grown in biotin-supplemented nutrient
broth for 24 h. Acetate buffer (0.2 M, pH 4.4) was prepared
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in accordance with the procedure adopted by [2]. To fifty
milliliters of 50:50 organism: acetate buffer suspension in a
150 ml flask, about 1.5 ml of membrane filter (0.2 um pore
size) - sterilized aqueous solution of 2.0 M sodium nitrate
was added. This was allowed to stand at room temperature
(30 £ 2°C) for twenty minutes. The reaction was then
terminated by serial dilution with TrisHCl prepared in
accordance with the procedure of [2]; 121 g of Tris base was
dissolved in 800 ml of distilled water. The pH value was
adjusted to 7.4 by adding 84 ml of 0.1 M HCI to 100 ml of
0.1 M Tris base. The volume was made up to 1 L with
distilled water. The treated organisms were inoculated, using
pour plate technique on biotin-supplemented nutrient agar
and incubated at 37°C. Survivals were further subjected to
mutant selection medium containing 4-Fluoroglutamic acid
as toxic analogue of L-glutamic acid and screened out for
their potential to produce L- glutamate.

2.7.2. Isolation of Regulatory Mutants
Using a Toxic analogue
(4-Fluoroglutamic Acid-Resistant
Mutants)

Suspected mutant agar
supplemented with biotin were inoculated directly onto
modified Hoyle’s medium supplemented with 2.0mg/ml of 4-
Fluoroglutamic acid. Colonies that appear on the surface of
the agar plate within two to seven days of incubation were
picked up as the regulatory mutants resistant to 4-
Fluoroglutamic acid [21].

isolates from the nutrient

2.8. Glutamic Acid Production from Rice
Bran by Submerged Fermentation

2.8.1. Inoculum Preparation

For the preparation of inoculum, loop full of the refreshed
culture of C. glutamicumwas aseptically transferred to
sterilized inoculum medium (25 ml) in 250 ml Erlenmeyer
flask. The inoculum medium contained 0.8 % nutrient broth
(pH= 7.0+ 0.2) and was kept for 18 hours on an orbital
shaker at 30°C and 120 rpm (Nasab et al., 2007). The optical
density of the culture was adjusted to 0.6 at 600 nm by
diluting the culture with sterilized distilled water [7].

2.8.2. Basal Medium

For L-glutamic acid production by C. glutamicum through
submerged fermentation, optimization of such parameters
like substrate-water ratio, temperature, pH and inoculum size,
cells were cultured in basal salt (BS) medium per liter. The
basal salt medium contained the following per litre: 5 g,
(NH4),SOy; 5 g, urea; 2 g, KH,PO4; 2 g, K,HPOy; 0.25 g,
MgSO,- 7H,0; 0.01 g, FeSO47H,0; 0.01 g, MnSO, 5H,0;
0.01 g, CaCl,2H,0; 0.03 mg, ZnSO, 7H,0; 0.1 mg, H;BOy;
0.07 mg, CoCl,6H,0; 0.03 mg, CuCl,2H,0; 0.01 mg, NiCl,;

0.1 mg of NaMo0,0,2H,0;200ng of biotin (pH 7.0). The
initial pH was adjusted at 7+ 0.2 with IN NaOH and medium
having different concentrations (1-5%) of substrate (Rice
bran) was autoclaved for 15 min. [12]. The growth medium
was inoculated by fresh inoculum of 18hrs old of C.
glutamicum. The fermentation was carried out at specific
optimum conditions on orbital shaker at 180 rpm and at
37°C.

2.8.3. Shake Flask Fermentation

About 50ml of the basal medium was mixed separately with
13g each of the acid-pre-treated and alkali-pre-treated
substrate (4:1 v/v) in 250ml Erlenmeyer flasks and labelled
appropriately. Four (4) ml each of the 18hours-old culture of
the wild-type and the regulatory mutants were added
appropriately and incubated on a rotary flask shaker at (180
rpm) at 37°C for 96hrs [3]. The qualitative and quantitative
analyses of the glutamic acid produced were carried out and
results were recorded accordingly.

2.8.4. Parameters Optimized for
L-glutamate Production

i. Effects of Substrate Concentration of
Glutamic Acid Production

Acid and alkali pre-treated rice bran substrates were used to
optimize different levels of substrate-water ratio with one to
five percent (1-5%). The different concentrations were used
to find the best concentration that would produce the highest
yield of L-Glutamic acid. The fermentation medium
contained all the basal nutrients as mentioned in basal
medium. It was monitored after 96hrs for glutamic acid
production.

ii. Effects of Temperature on Glutamic Acid
Production

To find the metabolically favorable temperature of C.
glutamicum to optimally secrete glutamic acid, different
degrees of temperature like 25°C, 30°C, 35°C and 40°C were
studied. At the termination of the fermentation period, the
produced glutamic acid was estimated to find the optimum
temperature for maximum glutamic acid production.

iii. Effect of pH on Glutamic Acid Production

Among the different physical parameters that drastically
affect fermented product, pH is very important. Therefore,
various ranges; 6.6, 6.8, 7.0, 7.2 and 7.4 of pH were used to
determine the optimum pH for L-glutamate hyper
production.

iv. Effects of Inoculum Size on Glutamic
Acid Production

The size of seed culture medium (inoculum) is a deciding
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parameter that utilize fermentation medium and confirm its
conversion into required product completely. Different
percentages of inoculum (1, 3, 5, 7 and 5%) were used to
optimize the size of inoculum to get high titre of glutamic
acid.

2.8.5. Analytical Methods

L-glutamate estimation

The fermented broth was autoclaved and cell mass was
separated by centrifugation (10,000 rpm) for 10 minutes.
Then qualitative and quantitative estimation of produced
glutamatefrom the supernatant was done [13] by following
the methods given below;

i. Qualitative Method

The qualitative analysis for L-Glutamate was done by paper
chromatographic technique [13]. For paper chromatography,
Whatman No. 1 filter paper having dimensions of 19x10 was
used, spotted with standard glutamate solution and solutions
from the supernatant of each sample about 3cm above from
the bottom by means of micro-capillary tube. At room
temperature, spots were air-dried and the paper was dipped
up to 1.5cm in solvent system having 30ml Butanol, 5ml
acetic acid and 5ml dH,O (6:1:1). By using ascending
method, chromatograms were developed by allowing the
solvent to run for three hours, up to 12cm from the bottom
(solvent front). After air-drying, the paper was sprayed
uniformly with 0.5% ninhydrin in (95%) acetone. The paper
was then placed in an oven set at 65°C for Smin after air-
drying. Colored zones of amino acids were produced which
indicated the position of amino acids present in the
sample(s). Through these well-defined colored zones, the
retention factor (RF) was calculated and the glutamic acid
present in the unknown samples was identified by comparing
with the standard glutamic acid colored zone based on their
RF values.

ii. Quantitative Estimation of L-glutamate

For quantitative estimation of the amino acid produced, 2
ml of the supernatant from each of the fermented
production medium was taken separately in test tubes and
2 ml of 0.5% ninhydrin in acetone was added and heated
for 15 min in boiling water bath. The tubes were then
cooled to room temperature and glutamate
quantitatively estimated by taking readings at 570 nm
using spectrophotometer with reference to the standard
curve of L- glutamic acid.

was

Standard curve of L-glutamic acid

To estimate glutamic acid quantitatively by spectrophometer
method as described by [34], the standard curve was firstly
plotted between various diluted concentrations (100mg/L-

500mg/L) of standard glutamic acid and their respective
optical densities (OD) at 570 nm. The trend in Figure 1
represented the increasing OD with increasing standard
glutamic acid concentrations. The maximum OD (0.9) at
570nm was corresponding with the highest standard
glutamate concentration of 400mg/L.

0.8
0.6

0.4

Absorbance (570nm)

100 200 300 400 500
Conc. of L-glutamic acid (mg/L)

Figure 1. Standard curve of L-glutamic acid.

2.9. Identification of the Glutamic Acid
Produced by Crystallization Technique

Fermented broth (10ml) collected from contents of shaking
medium was centrifuged at 10,000 rpm for 10 min, and the
supernatant was partially evaporated in a shaker water bath.
The concentrated medium was then acidified to a pH of 3.22
which is the iso-electric point of glutamic acid using 1N HCl
and allowed to stand still in a refrigerator until the glutamic
acid crystals were precipitated there from [3].

2.10. Purity Determination

The Thin Layer Chromatographic (TLC) technique was
used to detect the purity of the L-glutamate produced as
described by [34]. About 0.1g of the clear crystals
obtained was dissolved in 10ml of distilled water and was
used as the sample solution. Standard and test sample
solutions were (5.0ul each) spotted on an aluminium TLC
plate of 0.2mm thickness and developed with a mixture of
n-propanol and strong ammonia: water (67:33) solution to
the distance of about 10cm and dried in air. After spraying
a solution of ninhydrin in acetone (0.5g of ninhydrin in
100ml acetone), the plate was dried at 65°C for Smin to
observe for the spots. Purity of the product was detected
by the presence of only one purple spot of the same
retention factor (RF) value as that of the standard L-
glutamate (RF=0.3).

2.11. Statistical Analysis

Data processing was carried out through a statistical method
using SPSS 13.0 software [18]. All the optimization
parameters were analyzed by comparison of means through



21 Musa B. et al.: Comparative Study on Glutamic Acid Production by Mutant and Wild-Type Strains of
Corynebacterium glutamicum Isolated from Soil Using Rice Bran as Substrate

One-Way ANOVA. Table 3. Comparative Glutamic Acid Production (g/L) by Mutant and Wild
Strains of C. gutamicum from Acid-treated Rice Bran Hydrolysates under
Optimum Fermentation Conditions.

3. Results Parameter Wild-Type  Mutant “Fold
(Optimum value) A B Increment®
Table 1. Occurrence of Corynebacterium glutamicum in VariousSoil Substrate
Samples Collected fromSamaruVillage, Zaria. Concentration (4%) 6.37 25.38 3.98
Incubation
INSH Temperature (300C) 10,10 26.43 262
Location Numberiof Nuimiiss ] Initial pH (7.0) 16.06 25.60 1.59
syl positive (%) negative (%) Inoculum size (7%) 10.40 27.84 2.68
Flower bed 5 1(20.0) 4(80.0)
Paddock 2 2(100) 0(0.00) “Data are approximated to 2 decimal places
Chicken-pen 2 2(100) 0(0.00) "Fold-increment = B/A
Sheep-pen 2 2(100) 0(0.00)
Table 4. Comparative Glutamic Acid Production (g/L) by Mutant and Wild
Table 2. Screening for L-GlutamicAcid Productionby the C. glutamicum® Strains of C. gutamicum from Alkali-treated Rice Bran Hydrolysates under
Isolates. Optimum Fermentation Conditions.
Isolate’s Code Glutamic Acid (g/L) ° Parameter Wild-Type Mutant "Fold
HLS1 0.20 (Optimum value) A B Increment”
SFC D1 0.23 Substrate
SFCD2¢ 0.25 Concentration (4%) 4.30 14.15 3.29
SFSDI 0.12 Incubation
SFSD2 021 Temperature (30°C) 8.35 15.46 1.85
SFHD1 0.19 Initial pH (7.0) 9.64 18.28 1.89
SFHD?2 0.23 Inoculum size (7%) 9.08 15.72 1.73
KEY: “Data are approximated to 2 decimal places
*Shake flask fermentation at pH 7.0, Temperature: 37°C for 96h. "Fold-increment = B/A

"Data are approximated to 2 decimal places
‘Designation of the best L-Glutamic acid- producing isolate

RF=0.3

RF=0.27

Figure 2. Phenotypic appearance of the wild-type strain of C. glutamicum on
modified nutrient agar medium.

Figure 4. Chromatogram of Glutamic acid on TLC plate for purity
determination.

Glu = Standard Glutamic Acid
S1 = Test Fermentation Product

4. Discussion

In this study, a total of eleven (11) samples from four
different locations were used for the isolation of C.
glutamicum, of which a prevalence rate of (100%) was

Figure 3. Phenotypic appearance of the regulatory mutant strain of C.
glutamicum on modified nutrient agar medium.
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obtained with soil from paddock, chicken-pen and sheep-pen
whereas soil from flower bed have the least prevalence of
20%. This might be due to the richness in the nutritional
composition of the humus soil from the animal houses,
whereas, the flower bed might have little organic matter as
nutrient to the organism. This agrees with the findings of [40]
who reported a higher isolation rate (15.6%) from
organically-rich soil than from nutrient poor soil with 5.74%.
Out of seven (7) isolates confirmed to be C. glutamicum and
screened for L-glutamic acid production, the isolate from
chicken-pen (SFCD2) produced the highest quantity of
glutamic acid (0.25g/L) whereas, the lowest glutamic acid
production (0.12g/L) was observed with isolate named
SFSD2 from sheep-pen. This might be due to the variability
and adaptability in terms of the nutritional diversity of C.
glutamicum as it is not unconnected with the nature of the
environment from which they were isolated. Glutamic acid
concentration obtained with SFCD2 in this study, is much
lower than that obtained by [12] who reported a
concentration of 1.5g/L after screening. This difference may
be accounted for by the higher biotin concentration (200ug)
used in this study as opposed to the lower concentration of
50ug used by [12]. This is likely because the activity of 2-
oxoglutarate dehydrogenase complex (ODHC) reportedly
decreases during L-glutamate production in response to
biotin limitation as reported by [21]. Since ODHC links the
tricarboxylic acid (TCA) cycle and L-glutamate biosynthesis,
a decrease in ODHC activity could switch the metabolic flow
from the TCA cycle to L-glutamate synthesis.

The best glutamic acid producer (SFCD2) was observed to
possess some novel characteristics such as white colonies
characterized by increased viscosity and resistance to 4-
Fluoroglutamic acid (4FGA) - a toxic analogue of L-glutamic
acid, all of which were not observed with the wild type
strain. These differences may be due to disruption of the
likely present pigment-producing gene in the mutant strain
which may account for the variation in coloration and
increased secretion of complex polysaccharides which may
be connected with the increased viscosity observed. While
the phenotypic resistance to 4FGA might be due to disruption
of the NCgll1221 gene which codes for an L-glutamate
exporter, reducing the entry of 4FGA into the mutant cell and
hence become resistant to the 4FGA and ultimately to
feedback inhibition. Thus these characteristics result in
hypersecretion of glutamic acid as explained by [21]. This
corroborates with the findings of [27] who reported a
remarkable phenotypic variation between the mutant and the
wild type strain of C. glutamicum.

Substrate is the most important and basic requirement for
microbial biosynthesis. A cheap substrate with multiple
nutrients is ideal for industrial biotechnological processes.

Acid-treated rice bran hydrolysate proved to be a better
substrate used in present study as a good carbon source. Out
of the various concentrations of both acid-treated and alkali-
treated hydrolysates used in this study, 4% was found to be
the optimum for the production of glutamic acid using the
wild type and mutant strains of C. glutamicum. At 4%, the
yield of glutamate produced by CGN'™ from acid-treated
hydrolysate (25.38g/L) was found to be significantly higher
(P< 0.05) than that produced from the alkali-treated
hydrolyaste (14.15g/L). Whereas, the difference between the
yield obtained with the wild type from acid-treated
hydrolysate (6.37g/L) and alkali treated hydrolysate
(4.30g/L) was statistically insignificant (p>0.05). The
observed variations in the amount of glutamate produced
with substrate concentrations could be explained by the fact
that at lower concentration (higher water to substrate ratio),
the medium might be too diluted and therefore contained
relatively very low nutrients where the organism had to
employ energy from the hydrolysis of ATP in order to take up
the nutrients by active transport mechanism. Similarly, at
higher concentrations of the substrate (higher substrate to
water ratio), characterized by low water activity (a,,), the
fermentation medium might become hypertonic to the
fermenting organism, thereby causing the cell to shrink
leading to cell death and eventually reduces the inoculum
size that ultimately leads to low glutamic acid production.
Hence an average concentration is needed for optimum
glutamate production. The results of these findings are
therefore arguing in favour of the works carried out by [10].

Metabolic activity of an organism is greatly affected by
change in temperature. Therefore to optimize suitable
temperature, fermentation was carried out with 4% treated
hydrolysates as substrates for 96 hours of incubation with
various ranges of temperature. The results showed that
glutamate production was higher at 30°C as compared to all
other temperatures. Further increase in temperature resulted
in decreased glutamate production. This is because
cardinality of temperature plays a very important role in the
growth and metabolism of an organism. Thus, growth and
metabolic functions at extreme temperatures are greatly
inhibited and sometimes become almost impossible. This is
simply because; at low temperatures, enzymes get inactivated
while membrane lipoproteins which are important in
glutamate excretion become hardened. Whereas at extreme
temperatures, enzymes and membrane proteins get denatured,
this ultimately results in loss of their activities. The results of
present study are in line with the work of [36], who observed
a maximum glutamate production at 30°C during the study
with three strains of coryneformbacteria as fermenting
agents. The results of [35]; [25] and [30], showed that at
30°C, the metabolism of coryneform bacteria are highly
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active for the production of enzymes and amino acids.
Temperature used by [15] was 32°C with mutated strain of B.
flavum using glucose (3%), 8% inoculum size and pH of 7.5
and reported glutamate production of about 17.8g/L in shake
flask. [24] reported a maximum glutamate (21.48 g/L)
production by C. glutamicum at 37°C, in contrast to present
findings. This is also similar to the work of [28] who reported
that the effect of temperature shift-up from 30 to 39°C
through incubation, the mutant strain and wild strain show
that the specific production rate of glutamic acid at 30°C
increased apparently by 2 and 1.5 fold respectively on
average from other temperatures. Contrary results were
obtained by [11] who reported enhanced glutamic acid
production by Brevibacterium sp. with temperature shift-up
from 30 to 38°C. The mutant produced higher glutamate than
their wild type bacterial strains at a temperature of 30°C.
This disagrees with the work of [3] who reported that at
temperature above 30°C, the glutamate was actively
produced, meanwhile the activities of ODHC and pyruvate
dehydrogenase (PDH) were found to have 35% reduced
activity.

The growth of bacteria is sensitive to changes in pH which
also influences membrane potential for secretion of glutamic
acid [34]. Therefore, to get the highest growth with good
secretion of glutamate, various ranges (6.6, 6.8, 7.0, 7.2 &
7.4) of initial pH of fermentation medium were investigated
to get optimum titre of glutamic acid. At pH 7.0, the yield of
glutamate produced by CGN™ from acid-treated hydrolysate
(25.60g/L) was found to be insignificantly higher (P>0.05)
than that produced from the alkali-treated hydrolyaste
(18.28g/L). Whereas, the difference between the yield
obtained with the wild type from acid-treated hydrolysate
(16.06g/L) and alkali treated hydrolysate (9.64g/L) was
statistically significant (p<0.05). The reason might be due to
the physiological nature of the pH 7.0 at which best
metabolic functions are carried out. Extreme pH of the
fermentation media might have negatively affected the
membrane stability (membrane fluidity), enzymatic activities
as well as transport of nutrients for growth and development,
hence low yield of glutamate recorded. The results of present
studies are in line with that of [16] who reported a maximum
glutamate production of 38.5 g/L at pH 7 in growth medium
as compared to 28.3, 25.7 and 14.6 g/L glutamate at pH 6.5,
7.5 and 8.0 respectively. Similar results were reported by [33]
who obtained high yield of glutamate (27mg/ 100mL) at pH
7 after 48 hours of incubation. The results of [24] were also
in agreement with the present findings. On the other hand,
[32] obtained 12.5 g/L of glutamate at optimum pH 7.6 after
incubation 60 hours.

Vegetative growth of bacterium may be promoted at the cost
of glutamate production due to competition for available

nutrient [31]. Therefore, a number of inoculum
concentrations (1, 3, 5, 7 and 9%) were used to find the
optimum inoculum size for hyper production of glutamate
from mutant and wild type C. glutamicum with 4% acid-
treated and alkali-treated rice bran hydrolysates as substrate
for 96hours of fermentation period at 30°C and pH 7.0. The
trend of glutamic acid production showed that significantly
(P< 0.05) higher titres (27.84 g/L) of glutamic acid was
produced from acid treated substrate than the alkali treated
substrate (15.72g/L) by the CGN™ with 7% of inoculum.
This might not be unconnected with the density-dependent
bacterial communication (Quorum sensing) based on which
metabolic functions of a microbial entity are determined.
This result is in agreement with that of [15] and [32] reported
maximum glutamic acid production at 8% and 10% inoculum
size respectively.

In the present study, the total amount of glutamic acid
produced at optimum conditions from acid-treated and alkali-
treated rice bran hydrolysates by CN""" were 27.84 g/L and
15.72g/L respectively. Whereas, 10.40g/L and 9.08g/L were
respectively produced by the wild type strain of C.
glutamicum from acid-treated and alkali-treated rice bran
hydrolysates. This shows that agricultural wastes such as rice
bran are a good substrate for the production of glutamic acid.
The results agrees with the findings of [S]who reported that
17.8g/L of glutamate was produced from 15g/L of barley
through heterogenous expression of Corynebacterium
thermocellum endoglucanase in C. glutamicum suggesting
that direct utilization of cellulosic materials for glutamate
production is possible. [39] also revealed that a maximum
yield of L-glutamic acid was obtained with C. glutamicum
free cells under optimum parameters. However, [4] reported
that only 73g/L of glutamate was produced by C. glutamicum
ATCC 13022 from 75.7% of rice bran hydrolysate.
Maximum of 39.32mg/ml glutamate was reported to be
produced by C. glutamicumCECT 690 strain from date waste
juice as reported by [37].

The purified glutamic acid produced was found to appear as a
spot with a retention factor (RF) of 0.27 which is nearly the
same as 0.3 of the standard L-Glutamic acid. The slight
difference observed in the RF values might be due to the
difference in the efficiency of the purification methods used.

This research therefore presents the potentials of acid-treated
rice bran in the production of L-glutamate under optimized
conditions from which some economic and environmental
benefits may be derived.

5. Conclusion

The use of rice bran as a locally available and nutrient-rich
raw material when treated with acid could enhance glutamic
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and this would be of economic and

environmental benefits through the establishment of cost-
effective local glutamic acid industry in Nigeria as well as
cleaning the environment of agricultural wastes.
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