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ABSTRACT

The aim of this research was to study the utili-
zation ability of the salt whey and milk permeate to
produce exopolysaccharides (EPSs) from halo-
philic bacteria. Where cheese whey is simultane-
ously an effluent with nutritional value and a strong
organic and saline content. However, it is drained
in the sewers, the EPSs are highly heterogeneous
polymers produced by different species of bacteria
and have recently been attracting considerable
attention from biotechnologists because of their
potential applications in many fields. Thus, we
have isolated some halophilic bacteria that showed
the ability to produce EPS from whey and milk
permeate. A total of 46 strains of moderately halo-
philic bacteria were isolated from two types of
samples. The first type was dairy samples (Bar-
amily cheese whey and mish cheese), while the
second type was water samples (salty lake water
and its sediments) of Wadi El-Natrun Valley (lakes
Hamra, UmRisha, and Baida), Beheira Gover-
norate, Egypt. From isolated strains there are
twelve strains were having the ability to produce
exopolysaccharides but only seven strains can
produce EPS from whey and milk permeate. The
growth conditions i.e. concentrations of NaCl, pH
value and different incubation temperature, of iso-
lates were determined. The effect of these condi-
tions on the production of EPS was investigated.
The obtained results indicated that the optimum
conditions for the production of EPS by these
strains were 10 % NaCl, pH 7 and the optimum
incubation temperature was 37°C. Three strains
showed the highest production of exopolysaccha-
rides. These strains were identified using two
methods the first method was biolog system and

the second one was 16S rRNA sequence analysis
method. It could be identified as Alteribacillus bid-
golensis and Bacillus licheniformis. Alteribacillus
bidgolensis (strain P4B) produced the highest
amount of EPS (52 g/L) from whey followed by
Bacillus licheniformis (DSM 13) (42 g/L), while the
highest amount of EPS produced from milk perme-
ate was (43 g/L) by Alteribacillus bidgolensis
(strain P4B) followed by Bacillus licheniformis
(DSM 13) (36 g/L).

Keywords: Halophilic bacteria, Exopolysaccha-
rides, Whey, Milk permeate, Alteribacillus bidgo-
lensis, Bacillus licheniformis.

INTRODUCTION

Cheese whey is the most polluted byproduct
induced in the production of cheese. It can cause
an overabundance of oxygen utilization, toxicity,
impermeabilization, etc.., in the receiving environ-
ment conditions. The volume of effluents delivered
in the cheese production industry has expanded
with the expansion in cheese creation. World pro-
duction of whey is about 2 x 10 8 tons per annum,
containing ~9 x 10 ° tons of lactose and 1.4 x 10 °
tons of whey proteins (Fox et al 2017).

Milk permeate got from the ultrafiltration of milk
is free from proteins, however, contains the other
dissolvable constituents of milk. The dairy industry
is effectively looking for approaches to use this
byproduct which will help increment the estimation
of dairy industry. These byproducts still contain
valuable components, i.e. amino acids, lactose,
minerals and even little amounts of protein that
could be utilized for the production of some valua-
ble products such as fermented products, sports
drinks, snacks, infant's food etc.
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Several types of bacteria such Xanthomonas
campestris can produce extracellular polysaccha-
rides (EPS). EPS are bound to the cell surface
and after that release into the grown media. Micro-
bial EPS offer a potential new wellspring of useful
biopolymers for industrial, pharmaceutical medici-
nal applications and food. It can be used as thick-
eners, suspending operators, or gelling agents to
improve the quality and structure of food (Morris
and Harding 2009).

Halophilic and halotolerant organisms were
found in each of the three species of life: Archaea,
Bacteria, and Eukarya. Halophiles are classified
into three groups according to salt needs, slightly
halophiles (2— 5 % NacCl), moderately halophiles
(5—- 20 % NaCl) and extremely halophiles (20— 30
% NacCl) while strains live in 0— 5 % saltiness are
considered halotolerant microorganisms (Abd Sa-
mad et al 2017). Some halophilic microorganisms
can produce exopolysaccharides (Bejar et al
1998). Their EPS's are of extraordinary physical
properties, e.g. the capacity to emulsify at acidic
pH (Martinez-Checa et al 1996). Their chemical
and physical structures are valuable in different
industrial fields when using as thickening and bind-
ing agent (Tombs and Harding 1998).

Wadi El Natrun, Beheira Governorate, Egypt, is
a valley consists of seven substantial, basic,
hypersaline, thalassic lakes and various fleeting
pools. Salinities extending from 1.5 to 5.0 M NaCl,
pH estimations of somewhere in the range of 8.5
and 11 and temperatures of up to 50 °C make Wa-
di El-Natrun lakes great environments for the con-
finement of extremophiles. A rich microbial assort-
ed variety exists in both the waters and sediments
of Wadi El Natrun lakes (Mesbah et al 2007).

The objective of this study was to isolate some
halophilic bacteria to select those that maximize
utilization of lactose as a substrate to produce ex-
opolysaccharides from salt whey and milk perme-
ate.

MATERIALS AND METHODS

Materials
1- Samples collection and handling

The halophilic strains were isolated from two
types of samples. The first type was dairy samples
(Baramily cheese whey and mish cheese), while
the second type was water samples (salty lake
water and its sediments) collected during July
2016 from three lakes, i.e Hamra, UmRisha, and
Baida, of Wadi El-Natrun.
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2- Whey and milk permeate

Sweet whey and milk permeate samples were
obtained from Arabian Food Industries Company
(Domty), 6™ October City, Giza, Egypt.

Methods
1- Determination of salt content

The salt content of the brine was determined
according to Mohr titration (James, 1995).

2- Screening test for exopolysaccharide pro-
duction

Screening test was carried out on Halobacteria
medium (372) was prepared according to (German
Collection of Microorganisms and Cell Cultures)
DSMZ GmbH catalog 2007, whey agar and milk
permeate agar media (with 10 % NaCl). The iso-
lated strains were plated and incubated under aer-
obic conditions at 37°C for 3- 4 days. At the end of
incubation period, mucoid of colonies was deter-
mined by visual appearance, while it's ropiness
was evaluated by touching them using a sterile
inoculation loop (Welman et al 2003) and con-
firmed by ethanol precipitation method (Ruas-
Madiedo and de los Reyes-Gavilan 2005).

3- Identification of selected strains

The strains were identified using physiological,
biochemical tests (Biolog, 2013). and 16S rRNA
sequence analysis methods as following:

e DNA (Deoxyribonucleic acid) was extracted
using protocol of GeneJet genomic DNA purifi-
cation Kit (Thermo K0721)

e PCR (Polymerase Chain Reaction) was made
using Maxima Hot Start PCR Master Mix
(Thermo K1051)

e PCR cleanup was made to the PCR product
using Gene JET™ PCR Purification Kit (Ther-
mo K0701)

e Finally sequencing to the PCR product was
made on GATC Company by use ABI 3730xl
DNA sequencer by using forward and reverse
primers.

RESULTS AND DISCUSSION
1- Characterization of isolated strains

Data presented in Table (1) indicate the sam-
pling sites, types, pH, sodium chloride concentra-

tions (%) and distribution of halophilic isolates. It
could be noticed that the water of lakes Baida and
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UmRisha are similar and they greatly differ from
that of Lake Hamra. This result agrees with those
obtained by Mesbah et al (2007). The distribution
of the isolated halophilic bacteria grown on halo-

bacteria medium (DSMZ M 372) using 15 and 20%
NaCl as well as those grown in whey and milk
permeate and production of exopolysaccharides is
illustrated in Fig. (1).

Table 1. Samples sites, types, pH, NaCl (%) and distribution of halophilic isolates

Sampling * NaCl (% Total number
site Sample type PH w/v) of isolates
Salty water 11
Hamra Salty sediments 8.5 10 13
UmRisha Salty water 9.8 29.1 2
Salt 9
. Salty water 0
B .
aida Salt 9.3 30 3
Whey Baramily whey 4.5 10.8 5
Mish Mish cheese 4.1 8.2 3
*pH was measured at 25° C
100 95.65
a0
80
69.57
70 67.39
S 60
E 50
i 40
E w0 30.43 26.09
i
2 20
10
0
15% NacCl 20% NadCl Growth on Growth on Production of
whey permeate polysaccharides

Characteristics of Strains

Fig. 1. Distribution of isolated strains at different growth conditions

The total number of isolated strains were 46
strains with identification numbers (1: 46). As
shown in Fig. (1) it could be noticed that there are
seven strains have the ability to grow on whey or
milk permeate producing polysaccharides. Those
strains were identified under numbers were 16, 36,
37, 39, 41, 44 and 45. The selected strains were
used for further research work while the other
strains that couldn't grow on salted whey and/or
permeate were discarded.

2- Characterization of selected strains

Fig. (2) indicates that the strains number 37,
39, 41 and 44 grown from 0 to 20 % of NaCl with
optimum concentration at concentration of 5 %
NaCl except strain No. 44 was 10 % NaCl its opti-
mum. The growth range of NaCl for the strains No.
16 and 36 were from 5 to 20 % with optimum con-
centration 10, 15 % NaCl, respectively. While the
optimum salt concentration for the strain No. 45
was 15 % and growth range was from 0 to 15 %
NacCl.
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Data illustrated on Fig. (3) shows that pH 7 The effect of the growth temperature was illus-
was optimum for growth of all strains except strains trated in Fig. (4) where the temperature range for
strain No. 36 and 44 where the optimum pH for all strains was from 25 °C to 45 °C and the opti-
them was 8 after 96 hr of incubation. The pH of mum growth temperature was 37 °C for the strains
the growth medium ranged from 5 to 9 for strains No. 16, 37 and 41, and 30 °C for the strains No.
No. 37, 39,41 and 44. While it was from pH 6 to 9 36, 39, 44 and 45.
for the other strains, i. e No. 16, 36 and 45.

4.00

log (cfu/ml)

3.00

2.00

1.00

0.00

16 36 37 39
Isolated Strains

m 0% NaCL m 5% NaCL = 10% NaCL m15% NaCL m20% NaCL m25% NaCL

Fig. 2. Viable bacterial count of selected isolates at different concentrations of NaCl
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Fig. 3. Viable bacterial count of selected isolates at different pH values
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Fig. 4. Viable bacterial count of selected isolates at different incubation temperatures

The obtained results showed that the different
concentrations of NaCl (0, 5, 10, 15 and 20%),
different ranges of pH (5, 6, 7, 8 and 9) and differ-
ent temperatures of incubation (25, 30, 37 and
45°C) could be used for the growth of the selected
strains and utilized whey and/or milk permeate for
the production of exopolysaccharides.

3- Effect of some growth conditions on EPS
production from selected isolates

Several studies have revealed that whey can
be used as a fermentation medium to produce
60

50

40

30

EPS(g/L)

20

10

16 36 37

EPS using different strains (Pantazaki et al 2009,
Mozzi, et al 2001).

Data presented in Figs. (5), (6) and (7) indicate
that the optimum concentration of NaCl was 10%
to all the selected strains except strains No. 36 and
39 was 15 %. While grown at pH 7 give the best
quantity of EPS for all the studied strains except
strains No. 36 and 45 was pH 8. The optimum in-
cubation temperature was 37° C for all the selected
strains except strain No. 36.

The previous result show that strains No. 16,
37 and 41 were the best strains in EPS production
from whey as it appears in Fig (8).

39 41 44 45

B NacCl 0%

Isolated Strains

B NacCl 5% NacCl 10% ™ NacCl 15%

m Nacl 20%

Fig. 5. Production of EPS from selected isolates grown on whey at different concentrations of NaCl.
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Fig. 6. Production of EPS from selected isolates grown on whey at different pH values
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Fig. 7. Production of EPS from selected isolates grown on whey at different incubation temperatures

Fig. 8. Mucous colonies of isolated strains on whey medium
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The effect of NaCl concentrations, pH and in- were also the best strains in the EPS production
cubation temperatures on the production of EPS when grown on milk permeate. Therefore, these
from selected isolates grown on milk permeate was three strains were selected to produce EPS from
illustrated in Figs. (9), (10) and (11). The obtained whey and milk permeate.
results show that the strains No. 16, 37 and 41

a0
35
30
25
20

EPS(g/L)

15
10

16 36 37 39 41 44 45
Isolated Strains

= NacCl 0% = NacCl 5% NacCl 10% = NacCl 15% = NacCl20%

Fig. 9. Production of EPS from selected isolates grown on milk permeate at different concentrations of
NacCl.

EPS(g/L)
[*]
th

16 36 37 39 41 44 45
Isolated Strains

mpHS mpH®6 pH7 mpHS mpH?9

Fig. 10. Production of EPS from selected isolates grown on milk permeate at different pH values

45
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16 36 37 39 41 44 45
Isolated Srains

m25°C m30°C m37°C m45°C

Fig. 11. Production of EPS from selected isolates grown on milk permeate at different incubation tempera-
tures.
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4- |dentification of selected isolates (No. 16, 37 Fig's (12, 13 and 14) represent the molecular

and 41)

identification of the isolated strains 16, 37 and 41
respectively, based on the partial sequence of 16S

Table (2) shows the taxonomical characteris- rRNA

tics of the strains 16, 37 and 41.

While gene.

Table 2. Taxonomical characteristics of the strains No. 16, 37 and 41

P ¢ Characterization

ropery 16 37 41
Gram stain G* Gt Gt
Shape Rod Rod Rod
Sporulation + + +
Motility - + +
Nitrate reduction + + +
VP (Voges-Proskauer) test + + +
Citrate utilization + + +
Acid from D-glucose + + +
Acid from D-xylose + + +
Acid from mannitol + + +
Urease production - + +
Indole formation + + +
Catalase test + + +
Oxidase test + + +
Lysine decarboxylase - + +
Ornithine decarboxylase - - -
H>S Production - - -
ONPG (hydrolysis of B-nitrophenyl-3-d-galactopyranoside) + + +
TDA (production of indolpyruvate) + + +

+: positive =

negative

95 _ Atteribacillus persepolensis strain HS136 16S ribosomal RNA gene, partial sequence

96 _ atteribacilus alkaliphilus strain JC229 16S ribosomal RNA, partial sequence
= Bacilus iranensis sirain X5B 165 ribosomal RNA gene, partial sequence

24 _ Bacillus piscicola strain NR1-3-2 165 ribosomal RNA, partial sequence
,L Bacillus salarius strain DSM 16461 16S ribosomal RNA gene, partial sequence

99

123 _ Bacillus salarius strain BH169 16 ribosomal RNA gene, partial sequence
93 Bacillus halochares strain MSS4 165 ribosomal RNA gene, partial sequence

—22_ Salibacterium halotolerans strain S7 165 ribosomal RNA, partial sequence
{ Bacillus gingdaonensis strain JCM 14087 16S ribosomal RNA gene, partial sequence

Bacillus gingdaonensis strain CM1 16S ribosomal RNA gene, partial sequence
93 Bacillus aidingensis strain 17-5 165 ribosomal RNA, partial sequence

22_ Bacillus polygoni strain YN-1 165 ribosomal RNA gene, partial sequence
9

W Salipaludibacillus aurantiacus 16S ribosomal RNA, partial sequence
ﬁ{: Bacillus neizhouensis strain JSM 071004 16S ribosomal RNA gene, partial sequence

agaradhaerens strain DSM 8721 16S ribosomal RNA gene, partial sequence
— IcliQuery_77123

Fig. 12. Phylogenetic tree based on 16S
closely related organisms

l—Nmmwgobtmm P4B 16S ribosomal RNA gene, partial sequence

rRNA sequences showing the position of strain 16 among its
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lci|Query_162683
Bacillus licheniformis strain BCRC 11702 165 ribosomal RNA gene, partial sequence

Bacillus licheniformis strain DSM 13 183 ribosomal RNA, partial sequence

Bacillus licheniformis strain ATCC 14580 185 nbosomal RNA, partial sequence
Bacillus aerius strain 24K 185 ribosomal RNA gene, partial sequence

Bacillus licheniformis strain NBRC 12200 165 ribosomal RNA gene, partial sequence

Bacillus subtiis subsp. inaquosorum strain BGSC 3A28 165 ribosomal RNA gene, partial sequence
Bacillus subtilis strain 1AM 12118 185 ribosomal RNA, complete sequence

Bacillus subtilis strain JCM 1485 185 ribosomal RNA gene, partial sequence

Bacillus subfiis strain NBRC 13718 185 ribosomal RNA pene, partial sequence

Bacillus subfilis strain BCRC 10255 185 ribosomal RNA gene, partial sequence

Bacillus subtilis strain DSM 10 185 ribosomal RNA gene, partial sequence

Bacillus mojavensis strain NBRC 15718 165 ribosomal RNA gene, partial sequence

Bacillus subtilis subsp. spizizenii strain NBRC 101238 185 ribosomal RNA gene, partial sequence

Bacillus atrophaeus strain NBRC 15538 165 nbosomal RNA gene, partial sequence
90 ,—Eacilus sonorensis strain NBRC 101234 165 ribosomal RNA gene, partial sequence

L Bacillus sonorensis strain NRRL B-23154 185 nbosomal RNA gene, partial sequence

Fig. 13. Phylogenetic tree based on 16S rRNA sequences showing the position of strain 37 among its

closely related organisms

IcllQuery_23883
96

Bacillus aerius strain 24K 185 ribosomal RNA gene, partial sequence
97

Bacillus licheniformis strain NBRC 12200 165 ribosomal RNA gene, partial sequence
97

Bacillus licheniformis strain BCRC 11702 18S ribosomal RNA gene, partial sequence
- Bacillus licheniformis strain ATCC 14580 165 ribosomal RNA, partial sequence
L Bacillus licheniformis strain DSM 13 165 ribosomal RNA, partial sequence

97

;

Bacillus sonorensis strain NBRC 101234 185 ribosomal RNA gene, partial sequence

Bacillus sonorensis strain NRRL B-23154 165 ribosomal RNA gene, partial sequence

Bacillus sonorensis strain NRRL B-23154 185 ribosomal RNA gene, partial sequence

Bacillus glycinifermentans strain GO-13 185 ribosomal RNA, partial sequence

Bacillus subtilis subsp. inaquosorum strain BGSC 3A28 185 ribosomal RNA gene, partial sequence
Bacillus subtilis strain |AM 12118 165 ribosomal RNA, complete sequence
il Bacillus subtilis strain JCM 1485 165 ribosomal RNA gene, partial sequence

Bacillus subtilis strain NBRC 13718 185 ribosomal RNA gene, partial sequence

Bacillus subtilis strain BCRC 10255 16S ribosomal RNA gene, partial sequence

Bacillus mojavensis strain NBRC 15718 165 ribosomal RNA gene, partial sequence

o

-1
O e |ve | o | o
O\G\‘a\|a\‘ \o\ag‘ ‘ \

Bacillus subtilis subsp. spzizenii strain NBRC 101238 185 ribosomal RNA gene, partial sequence

Fig. 14. Phylogenetic tree based on 16S rRNA sequences showing the position of strain 41 among its

closely related organism
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In conclusion, the isolated strains are identified as
follow:

e 16: Alteribacillus bidgolensis strain P4B 16S
ribosomal RNA gene, partial sequence

e 37: Bacillus licheniformis strain DSM 13 16S
ribosomal RNA, partial sequence

e 41: Bacillus licheniformis strain DSM 13 16S
ribosomal RNA, partial sequence

These results are in a contrast with those re-
ported by (Song et al 2011) for B. licheniforms
which produced large amounts of EPS.

The genus Alteribacillus belongs to the family
Bacillaceae within the phylum firmicutes. The ge-
nus includes two species with validly published
names at the time of writing. The genus Alteribacil-
lus was first proposed by Didari et al (2012) with
Alteribacillus bidgolensis as the type species. The
other species of the genus, Alteribacillus persepo-
lensis (Didari et al 2012), was previously classified
as Bacillus persepolensis. The common character-
istics of members of the genus Alteribacillus are:
Gram-stain-positive, aerobic, rod shaped, endo-
spore-forming, oxidase- and catalase-positive,
chemo-organotrophic,  moderately  halophilic.
Members of the genus Alteribacillus were isolated
from sediment/water samples of hypersaline habi-
tats (Didari et al 2012; Amoozegar et al 2009).

REFERENCES

Amoozegar M. A., Sanchez-Porro C., Rohban
R., Hajighasemi M. and Ventosa A. 2009.
Bacillus persepolensis sp. nov., a moderately
halophilic bacterium from a hypersaline lake.
Int. J. Syst. Evol. Microbiol. 59, 2352-2358.

Bejar V., Llamas I., Calvo C. and Quesada E.
1998. Characterization of exopolysaccharides
produced by 19 halophilic strains included in
the species Halomonas eurihalina. J. Biotech-
nol. 61, 135-141.

Biolog D.B. 2009. MicroStaton™  Sys-
tem/MicroLog. Hayward, CA 94545, U.S.A.
Fox P.F., Guinee T.P.,, Cogan T.M. and
McSweeney P.L.H. 2017. Whey and Whey
Products, In: Fundamentals of Cheese Sci-
ence. 2" Ed. pp. 755-767, Springer, New York,

U.S.A.

James C.S. 1995. General food studies, In Analyt-
ical Chemistry of Foods, 1% Ed. pp. 137-170,
Springer — Science + Business Media, B.V. UK.

Martinez-Checa E., Calvo C., Caba M.A., Ferrer
M.R., Bejar V. and Quesada E. 1996. Efecto
de las condiciones nutricionales en la capaci-

AUJASCI, Arab Univ. J.

Amal Hegazi; EI-Nawawy; Ali and El-Samragy

dad viscosizante y emulgente del biopolimero
V2-7. Microbiologia SEM. 12, 55-60.

Maryam Didari, Amoozegar M.A., Maryam
Bagheri, Schumann P., Cathrin Spréer, Cris-
tina Sanchez-Porro and Ventosa A. 2012. Al-
teribacillus bidgolensis gen. nov., sp. nov., a
moderately halophilic bacterium from a hyper-
saline lake, and reclassification of Bacillus per-
sepolensis as Alteribacillus persepolensis
comb. nov. Int. J. Syst. Evol. Microbiol. 62,
2691-2697.

Mesbah N.M., Abou-El-Ela S.H. and Wiegel J.
2007. Novel and unexpected prokaryotic
diversity in water and sediments of the alkaline,
hypersaline lakes of the Wadi El Natrun, Egypt.
Microb Ecol. 54, 598-617.

Morris G.A. and Harding S.E. 2009. Polysaccha-
rides, Microbial. In: Encyclopedia of Microbiol-
ogy 3" Ed. pp. 482-494, Elsevier, Amsterdam.

Mozzi F., Torino Maria Inés and Font De Valdez
G. 2001. Identification of exopolysaccharide-
producing lactic acid bacteria. in: food microbi-
ology protocols, Spencer, John F.T., Ragout
de Spencer and Alicia I. (eds.), pp. 183-190,
Humana Press Inc. Totowa, New Jersey,
US.A.

Nadiah S. Abd Samad, Amid A., Jimat D.N. and
Ab. Shukor, N.A. 2017. Isolation and identifi-
cation of halophilic bacteria producing halotol-
erant protease. Sci. Heritage J. 1(1), 7-9.

Pantazaki A.A., Papaneophytou C.P., Pritsa
A.G., Kyriakides M.L. and Kyriakidis D.A.
2009. Production of polyhydroxyalkanoates
from whey by Thermus thermophilus HBS.
Process Biochemistry. 44, 847-853.

Ruas-Madiedo P. and de los Reyes-Gavilan
C.G. 2005. Methods for the screening, isolation
and characterization of exopolysaccharides
produced by lactic acid bacteria. J. Dairy Sci.
88, 843-856.

Song Y.R., Song N.E., Kim J.H., Nho Y.C. and
Baik S.H. 2011. Exopolysaccharide produced
by bacillus licheniformis strains from kimchi. J.
Gen. Appl. Microbiol. 57, 169-175.

Tombs M. and Harding S.E. 1998. An introduction
to polysaccharide biotechnology. pp. 329-332,
Taylor and Francis, London, UK.

Welman A.D., Maddox |.S. and Archer R.H.
2003. Screening and selection of exopolysac-
charide-producing strains of lactobacillus del-
brueckii subsp. bulgaricus. J. Appl. Microbiol.
95, 1200-1206.

Agric. Sci., 27(2), 2019


http://www.nottingham.ac.uk/ncmh/documents/papers/Paper322.pdf
http://www.nottingham.ac.uk/ncmh/documents/papers/Paper322.pdf

M‘Sﬁw\cwwhgea&b}‘?ﬁﬂ @ﬂ‘&mt.ﬂ\dw\uﬂ
2019 <1501-1491 ¢(2)= ‘(27)-\5@a
Website: http://ajs.journals.ekb.eg

T ) Saamt) il St Aaiial) daglall daal) LSSl iy iy e
Ol iy ) e

[123]

Al alinll 3o pay - e Sl we e gl @b e deaa —glaa A ae
e 5aldl)l =11241 had Gilaa —68 o a — e (e dasla —de )il LI ~20eY) oo aud

*Corresponding author: amal_hegazy@agr.asu.edu.eg

Received 10 May, 2019

Accepted 9 June, 2019

il U Bl Cagylall o ) bl ol
A T Fmanedl Bl cassa 2<% 10
3 el a5 2737 culS Guaatll (B 5yl
Cagpad i bayaed) CilyySall daly) el @O
Aphll Cupell gyl aadiul YL ol
AghaSoul)l  cblady) Al dadiab 5
aladinly cwlS 2l 44,k ((Biolog System)
e Ao <) cée a5 .16S rRNA LU
Bacillus s Alteribacillus  bidgolensis
Alteribacillus D cx\S 2y . ficheniformis
sl Sl zlw) 4 Y1 bidgolensis
Ll Gl e 1 [ 52 ) Leal) Jemy
Ja> 42 dnlly Bacillus licheniformis i
Alteribacillus Dl @l Lay L
odll mil) (e 4yl JeY) Laf bidgolensis
Dl el 1 fon 43 ) Ll demy Cum
- Al Jax 36 aaWl Bacillus licheniformis
LSyl el ) dplSely duhll oag Gl
g Alteribacillus bidgolensis aDs alaasiuly
delial Al clladl dplady) deal aa)

i) foaad) il

Al Kl ddagldll Al Lyl A clalsl

‘u.dl\ C._&b ‘L):a‘)ﬁd\ "éA:\A,J\
bidgolensis, Bacillus licheniformis.

Alteribacillus

a5l

Gl aladin) Al sae Al Gl e Cangl)
e Gl S w0 (ajny Gl =l mlaall clll
) Al Gady G cAaslall Al LS e
e gsines Alle 4313 Al ) delia e
Calktl Sl aay Sy Lpmall Ssdl (e
GlapSull Al Jepae Jiag saldia) (50 4k
ilaie pe ol dilatie Ghiads oo Ble sual)
O Adlide gl leain Agpasll Clagll
Dlai le alaa¥) oy adly dsdall Aall cululy
Sl il cVlae G saaial) gl
N iy Jie i) 138 56 1AL ¢ Sl
sl Gyl ) e sl L L)
e ADL 46 Jie &8 das cnlll =85 () e
Go s e Aasllll dadll LSl YO
G U)W Glie s V) gl Ll
slaal) (e e (S8 B gl Wl o (e o Jaaly
Osobill gals Adhie e calglly dagldl e
Asilae & (sloanlls Ady) ol shaad) g cilpa)
HAll Al Hde o ang o eae sl
L) VL da Lo Baal) Kl ) e
s Gl (e sl Sl 2l e 30l
ClapSadl iy Bl Coglall aaas 5 il el
Al dafs agsall 2SS s Ge )
Cun LAl Cpiandll Bl Glagas Sunugd

SUSI sy Chgy ) rausad
Cie BT ne jalial



mailto:amal_hegazy@agr.asu.edu.eg

	EFFECT OF GIBBERELLIC ACID (GA3) ON ENHANCING FLOWERING AND FRUIT SETTING IN SELECTED

