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ABSTRACT 

 

Two amino acids producing strains of Bacillus(R22EG1 and R20EG2) were isolated from soil rhizosphere 

in Kalubia Governorate, Egypt. Identification of the isolates were carried out using phenotypic characteristics, 

phylogenetic positions based on 16S rRNA gene sequence analysis and base sequences (submitted to NCBI 

GenBank). 16S rRNA gene sequence analysis confirmed that these isolates belonged to the genus Bacillus. 

Strain Bacillus sp. R22EG1 was most closely related to Bacillus sp. B1, Bacillus sp. B3and Bacillus sp. 

D2.Strain Bacillus sp. R20EG2 was most closely related to Bacillus sp. CRRI-49, B. cereus strain 08001,B. 

cereus strain TCCC11307, B. cereus strain JY13, B.anthracis strain APT10 and Bacillus sp. 6042 (92 % 

similarity). For the production of amino acids, some agro-industrial residues were added as carbon and nitrogen 

sources to the medium. The strains gave the maximum concentration of amino acids onthe modified molasses 

medium as a low price productive medium composed of sugarcane molasses (50 ml.l
-1

) as carbon source and 

soybean husk (20 g.l
-1

) as nitrogen source and a mixture of mineral elements after 72 h at 30°C using shake 

flasks  as a batch culture. Concentrations of amino acids were; 2.28 g.l
-1 

(R
2
=0.873) and 2.49 g.l

-1
 (R

2
=0.737) for 

Bacillus sp. R22EG1 and Bacillus sp. R20EG2, respectively. The specific growth rates (µ) were; 0.0851 h
-1

& 

0.0776 h
-1

. The corresponding figures for doubling times (td) were; 8.14 h & 8.93 h for Bacillus sp. R22EG1 and 

Bacillus sp. R20EG2, respectively. 
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Introduction 

 

Bioconversion of the agro-industrial wastes such as molasses, starch, whey, gas oil, cellulose, sulfite liquor 

and corn steep liquor using microbial methods is a safe and ecomonic way to produce amino acids from some 

natural residues.  These microbial methods are broadly classified to fermentation and enzymatic synthesis. 

Nowadays, fermentation, the eco-friendly process, has become a common practical method for the commercial 

production of amino acids (Nadeem and Ahmad, 1999; Umerie et al., 2000; Odunfa et al., 2001). A broad-range 

of bacteria and fungi plays vital role in amino acid production. Several genera of bacteria, including 

Corynebacterium, Brevibacterium, Bacillus, Enterobacter and Escherichia, have been commercially to produce 

different amino acids (Auger et al., 2002; Ekwealor and Ebele, 2003; Hermann, 2003; Hwang et al., 2008; 

Nadeem et al., 2011; Shakoori et al., 2012). These amino acids have many variable properties in nutrition, taste 

of clinical uses and thus they have many commercial applications e.g., pharmaceutical, feed/food supplements 

and agricultural chemicals (Dougherty, 2000).  About 66% of commercially produced amino acids are used in 

the food industry, 31% as food additives, 4% in medicines, and 5 % as starting material in the chemical industry 

(Crueger and Crueger, 1990).  For instance, many amino acids such as lysine, phenylalanine, cystine, theronine 

and valine have been used in the synthesis of some essential antibiotics e.g., penicillin, actinomycin and 

tyrocidin (Caspiet al., 2008). Most prokaryotes have three rRNAs, namely, 5S, 16S and 23S rRNA (Woese, 

2007). Since the 1980s, sequencing of the 16S rRNA gene has been used as an important tool for phylogenetic 

analysis and bacterial classification (Cai et al., 2003). The rRNA gene is the most conserved DNAin all living 

cells. Portions of the rDNA sequence from distantly related organisms are remarkably similar. This means that 

sequences from distantly related organisms can be precisely aligned, making the true differences easy to 

measure. For this reason, genes that encode the rRNA (rDNA) have been used extensively to determine 

taxonomy, phylogeny (evolutionary relationships), and to estimate rates of species divergence among bacteria. 

PCR is a sensitive technique widely used for rapid detection of specific DNA sequences, with numerous 

applications in basic research, clinical diagnosis, and microbial identification. This technique can amplify a 

single copy of template DNA 106- to 107-fold. The highly conserved bacterial 16S rRNA genes with expected 

size of approximately 1.5 kb are among the widely used PCR targets for identification and detection of 

microorganisms (Newsome et al., 2004). The objective of this study was to investigate the agro-industrial 

residues as alternative substrates to produce free amino acids by Egyptian local bacterial isolates identified by 

using Bergey's Manual of Systematic Bacteriology and 16S rRNA sequence similarity and to optimize the 

fermentation condition. 
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Materials and Methods 

 

Isolation of microorganisms, media and fermentation conditions:  

 

All of bacterial isolates were collected from Egyptian local soils: precisely from Kalubia Governorate 

located in Delta, using pour plate method onto skim milk agar medium (Victoria and Jahng, 2005) and incubated 

at 30°C for 24 h. The secretion of proteases, proteolysis enzymes hydrolyzing peptide bonds that link amino 

acids, was indicated by the formation of a clear zone of hydrolysis. Colonies were picked up, purified then 

maintained on nutrient agar slants which were incubated at 30°C for 24 h and then stored at 4°C. The purified 

isolates were identified to the genus level according to Bergey's Manual of Systematic Bacteriology (Niall & 

Paul, 2009). For the production of amino acids, the bacterial isolates were grown in molasses medium (Khan et 

al., 2006), composed of (g/100 ml):cane molasses, 10.0; CaCO3, 2.0; KH2PO4, 0.05; K2HPO4, 0.05; 

MgSO4.7H2O, 0.025; (NH4)2SO4, 2.0, and adjusted to pH 7.2.CaCO3 was added after sterilization of the 

medium. The inoculum was prepared by adding a loopful of cells from a slant of both isolates, transferred 

individually to 50 ml of the nutrient broth medium in a 100 ml conical flask, and incubated at 30°C with shaking 

at 150 rpm for 24 h.  Fermentation was carried out in 250 ml Erlenmeyer flasks, each containing 50 ml of the 

sterile production medium. The medium was inoculated with 1% (v/v) of standard inoculum containing 4.8 x 

10
6
 and 4.1 x 10

6 
viable cells/ml for Bacillus sp.R22EG1 and Bacillus sp. R20EG2, respectively. The flasks 

were incubated for 96 h on a rotary shaker at 30°C and 150 rpm.  All the experiments were carried out at least in 

triplicates. Samples of 10 ml were taken periodically to determine cell dry weight and amino acid concentration. 

 

16s rRNA gene sequencing and phylogenetic relationship analysis: 

 

Pure cultures of the target bacteria was grown in nutrient broth medium on a rotary shaker (150 rpm) at 

30°C for 24 h for the isolation of genomic DNA using the method described by Hiney and colleagues (Yadavet 

al., 2009). The universal primers F1 5’ AGAGTTT (G/C) ATCCTGGCTCAG 3’ (sense) and R1 5’ ACGG 

(A/C) TACCTTGTTACGACTT 3’ (antisense) described by Weisburget al.,(1991) were used for the 

amplification of the 16S rDNA gene fragment. The reaction mixture of 50 μl consisted of 10 ng of genomic 

DNA, 2.5 U of Taq DNA polymerase, 5 μl of 10 X PCR amplification buffer (100 mMTris-HCl, , 500 mMKCl 

pH-8.3), 200μM dNTP, 10 p moles each of the two universal primers and 1.5mM MgCl2. Amplification was 

done by initial denaturation at 94
o
C for 5 minutes, followed by 35 cycles of denaturation at 94

o
C for 30 seconds, 

annealing temperature of primers was 55
o
C for 1 minute and extension at 72

o
C for 2 minutes. The final 

extension was conducted at 72
o
C for 10 minutes. PCR reaction was performed in a gradient thermal cycler 

(Eppendorf, Germany). Amplification product was analyzed with submarine gel electrophoresis using 1.2 % 

agarose and ethidium bromide at 8V/cm and the reaction product was visualized under Gel Doc/UV trans-

illuminator. The DNA fragments were gel purified using AxyPrep DNA Gel Extraction Kit according to 

manufacturer's instruction. The 16S rDNA amplified product (100 ng concentration) was used for the 

sequencing with the single reverse primer 16S rDNA: R1 5’ ACGG (A/C) TACCTTGTTACGACTT 3’ by 

MACROGEN (Advancing through Genomics). The obtained sequences of 16S rDNA were compared with the 

data base at the NCBI site by alignment with nucleotide collection database and Bacilli (taxid: 91061) for the 

organism. Then multiple sequence alignment was developed for these homologous sequences using the 

algorithm described in Clustal Omega. A phylogenetic tree was then drawn using the Neighbour joining method. 

 

Preparation of agro-industrial residues: 

 

Sugar cane molasses, corn steep liquor, potato starchy waste, sawdust, and sweet whey were prepared as 

recommended by Pyke (1958); Blanchard (1992); Rusendi & Sheppard (1995); Aguiar (2001); Guerra and 

Pastrana (2002), respectively. 

 

Experimental Design: 

 

Two successive experimental designs were used to assess sources and concentrations of both carbon and 

nitrogen as well as fermentation time. The first experimental design was carried out to optimize thecarbon 

sources from sugar cane molasses, glucose syrup, sawdust, potato starchy waste and sweet whey, as well as 

nitrogen sources from ammoniumsulphate, corn steep liquor (CSL), soybean husk and wheat bran. Different 

carbon and nitrogen sources were replaced by equivalent original carbon and nitrogen amounts in molasses 

medium. The second experiment was designed to investigate the effects of different sugar cane molasses 

concentrations (25, 50, 75,100 &125 ml.l
-1

), soybean husk concentrations (15, 20 & 25 g.l
-1

) and fermentation 

period (24, 48, 72 & 96 h) for production of amino acids. 

 

http://en.wikipedia.org/wiki/Proteolysis
http://en.wikipedia.org/wiki/Peptide_bond
http://en.wikipedia.org/wiki/Amino_acid
http://en.wikipedia.org/wiki/Amino_acid
http://en.wikipedia.org/wiki/Amino_acid
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Analytical methods: 

 

Cell dry weight was determined by centrifuging 10 ml of cell suspension in pre weighed tubes, washing 

with distilled water and drying at 80°C to a constant weight. The contents of extra-cellular amino acids 

accumulated in the culture medium were extracted according to the method of Yang et al., (2008). Intra-cellular 

amino acids were extracted following the method described by Komatsuzaki et al., (2005). The total amount of 

free amino acids was determined by acidic ninhydrin assay, a colorimetric method that was used for quantitative 

analysis and described by (Chinard, 1952). Specific growth rate (μ) (h
-1

) and doubling time (td) (h) were 

calculated using the following formulas according to Doelle (1975). Amino acids productivity (g.l
-1

.h
-1

) and 

amino acids yield coefficient relative to biomass were calculated according to Lee (1996) and Grothe et al., 

(1999), respectively. The following formulas were used to calculate these parameters: Specific growth rate (μ) 

(h
-1

) = (ln X –ln X0) (t - t0)
-1

,Doubling time (td) (h) = ln2 (μ)
-1

, Productivity (P) (g.l
-1

.h
-1

) = (Amino acids g.l
-1

) 

(fermentation time h)
-1

, Amino acids yield coefficient relative to biomass (Yp/x) (g.g.l
-1

) = Amino acids conc. g.l
-

1
/ gram biomass dry weight, g.l

-1
.  

 

Statistical analysis: 

 

 The data were statistically analyzed using IBM
®
 SPSS

®
Statistics software (2011). 

 

Results and Discussion 

 

Isolation and screening of amino acids producing bacteria: 

 

Only two out of 45 domestic bacterial isolates collected from rhizosphere of pea plant (Pisumsativum) in 

Kalubia Governorate, Egypt, gave the largest clear zone diameter which ranged from 3.90 to 4.30 cm for 24 h 

on skim milk agar plate. Whereas the other isolates (43 isolates) recorded that clear zone diameter which ranged 

from 0.63 to 3.40 cm as shown in Fig. 1. The morphological and physiological characteristics of the most 

efficient isolates were compared with the data from Bergey's Manual of Systematic Bacteriology. The two 

isolates, namely, Bacillus sp. R22EG1 and Bacillus sp. R20EG2, have long-rod shaped, single or chains, 

sporulating with central endospores located in the middle of the cells, Gr
+ve

, aerobic and motile according to 

Niall and Paul (2009). These results indicated that casein as protein in skim milk agar was hydrolysed by the 

proteolytic enzymes into amino acids. These results were in agreement with those of Victoria and Jahng (2005) 

who stated that the appearance of clearing zones formed by hydrolysis of skim milk could be used as indication 

of protease producer.  

 

 
Fig. 1: Hydrolysis zone diameter of different bacterial isolates on skim milk agar medium incubated at 30ºC 

for 24 h. 

 

R-Bacterial isolates were isolated from rhizosphere of pea plant & S- Bacterial isolates were isolated from 

soil. 
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16S rRNA Identification of the Isolates and Phylogenetic Tree: 

 

The analysis of the 16S rRNA gene was more important tool for correct identification of microbial species; 

Four μl of the amplified reaction mixture was separated on 1.2 % agarose gel electrophoresis and the obtained 

fragments size were determined according to the DNA ladder. A fragment of 1480 bp for the isolate Bacillus sp. 

R22EG1 and 1582 bp for the isolate Bacillus sp. R20EG2 (Fig. 2). On the basis of cultural, morphological and 

biochemical characteristics of the isolate Bacillus sp. R22EG1 and isolate Bacillus sp. R20EG2, preliminary 

classified to be Bacillus genus. The analysis of 16S rRNA gene of isolate Bacillus sp. R22EG1 sequenced with 

R1 primer at the reverse directions produced 988 bp was compared with the database at the NCBIsite showing 

the highest percentage of similarity of 92% with Bacillus sp. B1 (2007) (with  

 

 
 

Fig. 2: Agarose gel 12% showing thePCR products for 16S gene. 
M: 1kbp DNA ladder, Lane 1; isolate R22EG1 and Lane 2; isolate R20EG2. 
 

Accession number EU281627.1), also 92% with Bacillus sp. B3 (2007) (EU281629.1), 92% with Bacillus sp. 

D2 (2007b) (EU281633.1), 90% with Bacillus pumilus strain HNSQ1 (JQ821376.1), 90% with Paenibacillus 

sp. XWS-34 (JQ617906.1), 90% with Bacillus flexus strain BWA6 (KC595865.1), 90% with Bacillus sp. 2BSG-

PDA-20 (AB533704.1), 89% with Bacillus sp. B2 (2007b) (EU281628.1), 88% with Bacillus sp. HB01085 

(EF489025.1) and 87% with Paenibacillus sp. 27-9 (EU571199.1) respectively. Multiple sequence alignment 

was developed using sequences of the isolate Bacillus sp. EG1_rev 988bp with the sequences of highest 10 

previous homologous sequences, then phylogenetic tree was drawn using Clustal Omega as shown in Fig. 3.The 

analysis of 16S rRNA gene of isolate Bacillus sp. R20EG2 sequenced with R1 primer at the reverse directions 

produces 793 bp was compared with the data base at the NCBI site showing the highest percentage of similarity 

was 92% with Bacillus sp. CRRI-49 (with accession number JN592466.1), also 92% with Bacillus cereus strain 

08001 (FJ883017.1), 92% with Bacillus cereus strain TCCC11307 (FJ393308.1), 92% with Bacillus cereus 

strain JY13 (KC679054.1), 92% with Bacillus anthracis strain APT10 (KC439345.1), 92% with Bacillus sp. 

6042 (KC236680.1), 92% with Bacillus sp. 3103 (KC236565.1), 92% with Bacillus sp. CMJ3-3 (KC119111.1), 

92% with Bacillus sp. G1-18 (KC153269.1) and 92% with Bacillus sp. AB358d (FR821128.1), respectively. 

Multiple sequence alignment was developed using sequences of the isolate Bacillus sp. EG2_rev 793 bp with 

the sequences of highest 10 previous homologous sequences, then phylogenetic tree was drawn using Clustal 

Omega as shown in Fig. 4. 
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Fig. 3: Neighbour-joining tree based on 16S rRNA gene sequences of the genus Bacillus obtained from BLAST 

search showing the position of Isolate_R22EG1 and related strains. 

 

 
 

Fig. 4:Neighbour-joining tree based on 16S rRNA gene sequences of the genus Bacillus obtained from BLAST 

search showing the position of Isolate_R20EG2 and related strains.  

 

Effect of carbon sources, nitrogen sources and fermentation time on biomass and production of amino acids: 

Kinetic studies on biosynthesis of biomass and amino acids were performed using different domestic agro-

industrial residues as carbon and nitrogen sources by Bacillus sp. R22EG1strainand Bacillus sp. R20EG2 strain 

for different fermentation periods using shake flasks as a batch culture. Data presented in Tables1, 2clearly 

show that the production of amino acids was increased when using agro-industrial residues as compared with 

that produced by the basal medium. The yield of amino acids by using different by-products and wastes ranged 

from 0.30 – 1.69 g.l
-1

by Bacillus sp.R22EG1strainand ranged from 0.26 – 2.08 g.l
-1

 by Bacillus sp. R20EG2 

strain after 72 h of incubation. The highest production of amino acids was recorded when using medium 

containing both sugar cane molasses (10 %) as carbon source with soybean husk (2 %) as nitrogen source at 

30°C for 72h being 1.69 g.l
-1

 with a positive correlation coefficient of 0.562 and 2.08 g.l
-1

 with a positive 

correlation coefficient of 0.766 by Bacillus sp. R22EG1strain and Bacillus sp. R20EG2 strain respectively, 

followed by potato starchy waste, glucose syrup, sweet whey and sawdust as a carbon sources. The results were 

in partial agreement with those of Hassan et al.,(2003) and Moosavi-Nasab et al.,(2007) who reported that 

Corynebacterium glutamicum (PTCC 1532)gave better amino acid production when molasses was used as 

carbon source. Khan et al., (2006) found that molasses was capable of up-gradation into amino acids (alanine, as 

particacid, valine and glutamic acid) by bacterial fermentation. The same trend was reported by Hassan et al., 

(2003, 2011) who observed that more amino acids were produced with molasses than with glucose. The 

favorable effect of sugar cane molasses in increasing concentration of amino acids for the tested microorganisms 

could be interpreted on the basis that molasses serve not only as a carbon source, but also as providing growth 

factors which play an important role in enhancing the bacterial growth and biosynthesis of amino acids. 
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 The highest values of amino acids were recorded on the medium contain soybean husk, followed by wheat 

bran and corn steep liquor as a nitrogen sources at 30°C for 72 h. On the other hand, both strains gave low 

amounts of amino acids on medium containing ammonium sulphate as a nitrogen source. Similar results were 

obtained by Hassan et al., (2011) who  

 
Table 1:Effect of carbon sources, nitrogen sources and fermentation period on cell dry weight and production of amino acids by Bacillus sp. 

R22EG1strain at 30°C using shake flasks as a batch culture. 

Agro-industrial 

residues as 
carbon sources 

Agro-industrial 

residues as 
nitrogen sources 

Cell dry weight (g.l-1)   Concentration  of amino acids (g.l-1) 

                     Time (h)                         Time (h)   

24 48 72 96 24 48 72 96 

Glucose syrup Amm.sulphate 

CSL 
Soybean husk 

Wheat bran 

0.67A 0.73y 0.82uv 0.81uv 0.37G 0.40EF 0.45D 0.42E 

0.84u 1.02l 1.12g 1.08i 0.67y 1.04p 1.40e 1.15m 

0.97n 1.13g 1.23e 1.17f 0.82w 1.32h 1.53b 1.40e 

0.87s 0.95o 1.03l 0.98n 0.59zA 0.89u 1.22k 0.87v 

Poato starchy 

waste 

Amm.sulphate 

CSL 

Soybean husk 
Wheat bran 

0.05LM 0.07JK 0.07JK 0.06JKL 0.25LM 0.31K 0.30K 0.27L 

0.54D 0.91pq 1.05ijk 0.92p 0.66y 0.81w 1.04p 0.89u 

0.89r 1.08i 1.13g 1.08ij 0.89u 1.05p 1.25ij 1.08o 

0.31G 0.91pq 0.95o 0.97n 0.45D 0.82w 0.93s 0.91t 

Sawdust Amm.sulphate 
CSL 

Soybean husk 

Wheat bran 

0.03N 0.36F 0.37F 0.25H 0.19N 0.39FG 0.43E 0.38FG 

0.53D 0.74y 0.76x 0.72yz 0.52B 0.60z 0.67y 0.62z 

0.82uv 0.79w 0.88r 0.83u 0.74x 0.81w 0.96r 0.82w 

0.44E 0.52D 0.74y 0.59B 0.45C 0.56AB 0.63z 0.59zA 

Sugar cane 

molasses 

Amm.sulphate 

CSL 
Soybean husk 

Wheat bran 

0.07JK 0.08IJ 0.09I 0.09I 0.34J 0.52B 0.59zA 0.58zA 

0.93p 1.11gh 1.27d 1.00m 0.74x 1.12n 1.25ij 1.00q 

0.98n 1.25d 1.47a 1.30bc 0.89u 1.26i 1.69a 1.35fg 

0.86st 0.99mn 1.32b 1.17f 0.52B 0.99q 1.48d 1.12n 

Sweet whey Amm.sulphate 

CSL 

Soybean husk 
Wheat bran 

0.05LM 0.08IJ 0.07JK 0.06JKL 0.30K 0.47C 0.41EF 0.36H 

0.92p 1.03l 1.09i 1.07ij 0.88u 1.07o 1.25ij 1.24ij 

0.95o 1.06ij 1.12g 1.18f 1.11n 1.52bc 1.47d 1.37f 

0.57C 0.96no 1.06ijk 0.95o 0.60z 0.97r 1.18l 0.96r 

*CSL- Corn steep liquor 
Values in the same column followed by the same letter do not significantly differ from each other, according to Duncan’s at 5 % level. 

 

Table 2:Effect of carbon sources, nitrogen sources and fermentation period on cell dry weight and production of amino acids by Bacillus sp. 
R20EG2 strain at 30°C using shake flasks as a batch culture. 

Agro-industrial 

residues as  

carbon sources 

Agro-industrial 

residues as 

nitrogen sources 

Cell dry weight (g.l-1)   Concentration  of amino acids (g.l-1) 

Time (h)   Time (h)   

24 48 72 96 24 48 72 96 

Glucose 
syrup 

Amm.sulphate 
CSL 

Soybean husk 

Wheat bran 

0.56A 0.65y 0.92r 0.86s 0.23O 0.38J 0.31M 0.26N 

1.04m 1.13i 1.13i 1.11j 0.45F 0.60D 0.37J 0.33L 

1.11j 1.22d 1.34a 1.16f 0.88y 1.33i 1.86c 1.75d 

0.95q 1.01n 1.07l 1.03m 0.74B 0.96u 1.11p 1.08q 

Potato starchy 

waste 

Amm.sulphate 

CSL 
Soybean husk 

Wheat bran 

0.16F 0.13G 0.19E 0.18E 0.31M 0.30M 0.38J 0.35K 

1.00n 1.11j 1.13i 1.09k 0.40H 1.25l 1.70e 1.54g 

1.04m 1.11j 1.26c 1.14h 0.45F 1.23m 1.85c 1.68f 

0.69w 0.97p 1.08k 1.03m 0.27N 0.97u 1.34i 1.28k 

Sawdust Amm.sulphate 

CSL 

Soybean husk 
Wheat bran 

0.07H 0.13G 0.45C 0.82t 0.19P 0.27N 0.26N 0.25N 

0.67x 0.82t 0.80u 1.08k 0.42G 0.53E 0.90x 0.74B 

0.82t 1.08k 0.69w 1.00n 0.89x 0.94v 1.02r 1.00s 

0.45C 0.80u 0.70w 1.03m 0.53E 0.79A 0.99s 0.94v 

Sugar cane 

molasses 

Amm.sulphate 

CSL 

Soybean husk 
Wheat bran 

0.68x 0.79u 0.13G 0.12G 0.27N 0.43G 0.67C 0.54E 

1.06l 1.13i 0.66x 0.63z 0.60D 0.91w 1.16n 1.13o 

1.18e 1.30b 1.03m 1.00n 0.92w 1.56g 2.08a 1.90b 

1.08k 1.10j 0.70w 0.69w 0.82z 1.07q 1.68f 1.55g 

Sweet whey Amm.sulphate 
CSL 

Soybean husk 

Wheat bran 

0.22D 0.46C 0.55A 0.51B 0.38J 0.42G 0.52E 0.43G 

0.57A 0.66x 1.02n 0.97p 0.60D 0.87y 1.17n 0.96u 

0.78v 0.99o 1.17g 1.15g 0.81z 0.98t 1.55g 1.39h 

0.86s 1.00n 1.13i 1.12i 0.67C 1.10p 1.32j 1.29k 

* CSL= Corn steep liquor 

Values in the same column followed by the same letter do not significantly differ from each other, according to Duncan’s at 5 % level.  

 

observed that the excessive amount of NH4
+
 inhibited the microbial growth as well as the production of the 

amino acids. Therefore, enough attention was paid to improving not only the choice of suitable nitrogen source 

but also towards its concentration in the medium. These results are not compatible with Hassan et al., (2003) 

who stated that NH4NO3 was selected as a better nitrogen sources for production of amino acids by tested 

bacterial strains. Nadeem et al.,(1997) used molasses and corn steep liquor for the production of amino acids by 

Escherichia coli in the extracellular medium through fermentation process. 

The time scale was also studied and it was observed that maximum production of amino acids was observed 

at 72 h of fermentation period and least production was observed after 24 h of fermentation. Our results are 

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=amino+acid
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compatible with those of Hassan et al.,(2003 and 2011) who found that very low production of amino acids was 

observed during initial 24 h of fermentation period and the maximum production of amino acidswas observed 

within 48-72 h. However, Moosavi-Nasab et al., (2007) showed the maximum production of L-lysine was 

reached after 5 days. 

 

Effect of different carbon and nitrogen concentrations: 

 

Among the various carbon and nitrogen sources evaluated, sugarcane molasses and soybean husk supported 

maximum production of amino acids. Therefore, enough attention was paid to enhance not only the selection of 

suitable carbon and nitrogen sources, but also towards their concentrations in the medium. Data illustrated by 

Figs. 5, 6 obviously indicated that modified molasses medium containing 50 ml.l
-1

 sugar cane molasses and 20 

g.l
-1

 soybean husk gave the highest concentration of amino acids being 2.28 g.l
-1

 with a positive correlation 

coefficient of 0.873 and 2.49 g.l
-1

 with a positive correlation coefficient of 0.737 by Bacillus sp. R22EG1 strain 

and Bacillus sp. R20EG2 strain, respectively after 72 h incubation period using shake flasks as a batch culture. It 

was found that sugarcane molasses 50-100 ml.l
-1

 were more suitable to be optimized the production of amino 

acids by Bacillus sp.R22EG1 strain and Bacillus sp. R20EG2, strain. The growth and concentration of amino 

acids for Bacillus sp. R22EG1 strain and Bacillus sp. R20EG2 strain were increased gradually during the 24 h of 

incubation, then increased sharply to reach the maximum at 72 h of fermentation period. These  

 
Fig. 5: Effect of sugar cane molasses conc., soybean conc. and fermentation time on cell dry weight and 

production of amino acids from Bacillus sp. R22EG1strain at 30°C using shake flasks as a batch 

culture.(conc.= concentration) 

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=amino+acid
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=amino+acid
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Fig. 6:Effect of sugar cane molasses conc., soybean conc. and fermentation time on cell dry weight and 

production of amino acids from Bacillus sp. R20EG2strain at 30°C using shake flasks as a batch 

culture.(conc.= concentration) 

 

results were in line with Bashir (2000) who reported that 7-10 percent molasses concentration were suitable for 

production of amino acids. Hassan et al., (2003) found that 10% molasses concentration was found suitable. 

When molasses media were used, the major amino acids produced were aspartic, alanine, valine and glutamic 

acids. In most fermentation processes of amino acids, very high amounts of sugar, usually 20% or more in total, 

are used in one run of cultivation to obtain high batch yields. High concentrations of sugar in the medium 

sometimes inhibit the growth of microorganisms or reduce the production yield accompanied by formation of 

by-products such as acetate and lactate (Ikeda, 2003). 

 

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=amino+acid
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Study of growth and production of amino acids Profile: 

 

Both strains of Bacillus sp.R22EG1 and Bacillus sp. R20EG2 were grown on modified molasses (Khan et 

al., 2006) medium to produce amino acids incubated at 30°C.The results illustrated by Fig. 7-A,B clearly 

showed that the highest concentration of intra-cellular amino acids (0.127 & 0.138 g.l
-1

) was achieved after 66 h 

of cultivation. While the highest concentration of extra-cellular amino acids (2.15 and 2.36 g.l
-1

) was attained 

after 72 h of cultivation. Total production of amino acids (intra- and extra-cellular amino acids) was found to 

reach its maximum of 2.28 & 2.49 g.l
-1

 at 72 h of cultivation by Bacillus sp. R22EG1 strain and Bacillus sp. 

R20EG2 strain, respectively.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7:Production of amino acids from Bacillus sp. R22EG1strain and Bacillus sp. R20EG2strain in modified 

molasses medium at 30ºC using shake flasks as batch culture. 

(A): Cell dry weight (g.l
-1

), total conc. of amino acids (g.l
-1

), conc. of extra-cellular amino acids (g.l
-1

), 

conc. of intra-cellular amino acids (g.l
-1

), amino acids productivity (g.l
-1

.h
-1

) and Y P/X (g.g.l
-1

) of Bacillus 

sp. R22EG1 strain. 

(B): Cell dry weight (g.l
-1

), total conc. of amino acids (g.l
-1

), conc. of extra-cellular amino acids (g.l
-1

), 

conc. of intra-cellular amino acids (g.l
-1

), amino acids productivity (g.l
-1

.h
-1

) and Y P/X (g.g.l
-1

) of Bacillus 

sp. R20EG2 strain. (conc.= concentration) 

 

 The amino acids yield coefficient relative to biomass during the first 72 h of fermentation increased to 1.43 

and 1.48 ggl
-1

 for Bacillus sp. R22EG1 strain and Bacillus sp. R20EG2 strain, respectively. The highest amino 

acids productivity was obtained after 48 & 60 h (0.0320 and 0.0322g.l
-1

.h
-1

) for Bacillus sp. R22EG1 strain, 

respectively, and 0.053 g.l
-1

.h
-1

 for Bacillus sp. R20EG2 strain after 24 h. 

Results revealed that both isolates of Bacillus sp. R22EG1 and Bacillus sp. R20EG2 grew exponentially 

during the first 18 – 66 h (Fig. 8-A) of incubation periods. The growth parameters for the two strains were 

calculated at the log phase of growth curves. The specific growth rate (µ) and doubling times (td) were 0.0851 h
-

1
 and 8.14 h for Bacillus sp. R22EG1 strain, respectively. Whereas Bacillus sp. R20EG2 strain recorded the 

specific growth rate (µ) and doubling time (td) of0.0776 h
-1 

and 8.93 h, respectively. Statistical analysis revealed 
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a high positive correlation coefficient (R
2
) between incubation periods and cell dry weight. The highest R

2
 

values were 0.967 and 0.965 for Bacillus sp. R22EG1 strain and Bacillus sp. R20EG2 strain, respectively (Fig. 

8-B).In this study, the increasing production of amino acids was achieved during the log phase of the bacterial 

growth profile. A similar result was also found in a study by Nakamura et al., (2007) and Zareian et al., (2012) 

found that the production of amino acids for Corynebacterium glutamicum and lactic acid bacteria (LAB) were 

excreted in broth and accumulated in the medium.  Khan et al., (2006) isolated different amino acids from the 

bacterial culture broth. 

 

 
 

Fig. 8: Growth patterns of Bacillus sp. R22EG1strain and Bacillus sp. R20EG2strain on modified molasses 

medium at 30ºC using shake flasks as batch culture. 

(A): Sigmoidal growth curves of Bacillus sp. R22EG1 strain and Bacillus sp. R20EG2 strain. 

(B): Correlation coefficient between the optical density of the growth and incubation timein log phase.  

 

Conclusions: 

 

Amino acids producing strains of Bacillus isolated from Egyptian soil were identified as Bacillus 

sp.R22EG1 and Bacillus sp. R20EG2 according to phenotypic tests and were confirmed by molecular genetic 

(16S rRNA gene sequencing). Sugar cane  molasses (50 ml.l
-1

) as carbon source and soybean husk (20 g.l
-1

) as 

nitrogen source were found to be the most effective agro-industrial residues for increasing the production of 

amino acids by bacterial strains after 72 h at 30°C using shake flasks as a batch culture. Estimating contents of 

intra- and extra-cellular amino acids were indicated that the amino acids were obtained when both tested strains 

were combined in broth media. 
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