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Abstract

Sugar beet is considered the second source of sugar
production in the world, but it becomes the first
source in Egypt and several other countries all over
the world. The present study aimed to convert the
agro-industrial beet pulp that consists of cellulosic
material into fermentable sugars as a friendly source
of energy. The cellulases producing bacteria and
actinomycetes are associated with beets' pulps and
roots. The study also aimed to optimize the
conditions of cellulases production, e.g., incubation
time, temperature and pH. One hundred and two
isolates of bacteria and actinomycetes were isolated
from these samples and then screened to determine
their potency to produce cellulases. Seven
isolates were recorded as high producers (two from
rhizospheres, one from endophytes, and four from the
beet pulp). These seven isolates were classified
according to morphological and biochemical tests as
S11 (Streptomyces), S31 (Streptomyces), S45
(Bacillus), and S72 (Bacillus), S73 (Streptomyces),
S85 (Streptococcus) and S88 (Bacillus). Optimization
for the incubation period, temperature, and
pH showed that activities of the highest three tested
isolates S11, S45, and S88 were 0.73, 0.17, and 0.54
U/ml after two days of the incubation period. These
levels increased to 1.33, 0.24 and 0.76 U/ml on the
fourth incubation day at different temperatures and
pH degrees. According to the results, it is
recommended to use bacteria (Streptomyces), which
is sample No. S11 isolated from the rhizosphere soil
of beetroots was the high producer of cellulases at
50°C and pH 7.

Keywords: Bacteria; Rhizosphere; Endophytes;
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Introduction

Increasing environmental pollution and global
warming encourage bioengineers to find sources of
energy which are friendly to environment (Zhang et
al. 2016). Nearly 60 countries are cultivating sugar
beet in the world (Kumar and Pathak 2013). One ton
of sugar beet yields 160 kg of sugar and 500 kg
of wet pulp (about 88% moisture) (FAO 2009). More
than one million tons of dry beet pulp (about 10%
moisture) were produced in the US and nearly five
million tons were produced in EU countries
(Zieminski and Kowalska-Wentel 2017). Egypt is
one of the sugar beet producers in the world.
Egyptian production of sugar beet increased from 500
tons year 1961 and 2.890360 tons in the year 2000 up
to 13.043.612 tons harvested in 2020 (FAO 2022).
Conversion of agro-industrial beet pulp consisting of
cellulosic material into different products and energy
is the best promising scheme. On the other hand, the
high costs of forage production from beet pulp
through mechanical squeezing, natural
gas consumption during dehydration, mechanical
pelleting and the high maintenance expenses during
the beet pulp forage production.

The cellulolytic enzyme system is a complex system
of enzymes composed of endoglucanase,
exoglucanase, and B- glucosidase that acts
synergistically to degrade cellulosic substrate (Zhang
et al. 2006; Michelin et al. 2013). Cellulose with the
complex structure having a hydrolytic enzyme system
for the cleavage of bonds and its conversion into
simple sugar like D-glucose units (Hussain et
al. 2009). Due to the industrial importance of
cellulases, its biosynthesis from microbes has been
gaining interest (liming et al. 2004; Abdulhadi et al.
2021). Bacteria with a higher growth rate than fungi,
has much potential to be employed in the production
of cellulases (Thakkar et al. 2014). Cellulases are
produced by several microorganisms commonly
bacteria, actinomycetes, and fungi to hydrolyze
cellulose to its monomer glucose. Based on their
chemical composition, beetroots and beet pulps as
well as soil attached to the beetroots might be
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rich sources of actinomycetes were isolated from
inside the sugar beet root tissues during the sugar
beet growing campaign in the 2019 season from
different 12 sites in two governorates (Sharkia and
Dakahlia) in Egypt. Endophytic microbes enter
tissues via germinating radicles (Gagne et

al. 1987). The third source of isolation was beet
pulp, which was collected during the sugar
a lot of bacteria and actinomycetes that possess the
capability to produce cellulases.

Beet pulp is the by-product of the beet sugar industry.
It consists of cellulose (21-30%), hemicellulose (26-
36%), pectin (20-22%), protein (10-15%), and lignin
(1-2%) on a dry weight basis (Zheng et al. 2013;
Kamzon et al. 2016). Cellulases are highly specific,
and the enzymatic hydrolysis of cellulose usually was
carried out under mild conditions of pressure,
temperature, and pH. Unlike most the chemical and
physicochemical pretreatment methods,
biological pretreatment was preferred and offered
advantages of low energy consumption and no
chemical requirement, in addition to mild operational
conditions and likely ease of integration into a
consolidated bioprocessing setup. Bacteria
are emerging as hotspots of versatility and variety
genetically and functionally. They can degrade
lignocellulosic biomass involving complex system of
lignocellulolytic enzymes (L&pez-Mondéjar et al.
2019). There has been increasing interest in obtaining
new, stable and more specific enzymes using low-
cost carbon sources, such as the beet pulp, and in
searching for new and suitable microbial strains
for large-scale cultivation for biotechnological
processes (Parameswaran 2009). Therefore, the
current study was designed to explore the bacteria
and actinomycetes associated with beetroots, beet
pulp, and the soil attached to beetroots to determine
their efficiency in the production of cellulases.

Materials and Methods

Isolation of cellulolytic bacteria and
actinomycetes from different sources.

Isolation of bacteria and actinomycetes from different
sources understudy considered as possible sources for
collection of target isolates. Sugar beets' pulp and
roots as buried living organisms in soil considered as
trap for catching the desired microbes to hydrolyze
their contents. Helal (2005) wused isolation
trap technique for catching the desired microbes by
burring grinded rice straw as a substrate in different
cultivated soils this technique caught 47 species
belonging to 24 genera of fungi. The rhizosphere
bacteria and actinomycetes were isolated from sugar
beet root-free soil. In comparison to the root-free soil,
the rhizosphere forms a nutrient-rich niche for
microorganisms because of the exudation of organic

production campaign 2019 from Dakahlia Sugar
Company; Egypt. The main reason for different
sources of isolation is making diversity to have a
wide range of bacteria and actinomycetes that might
have economic feasibility in the production of
cellulases for bioconversion of beet pulp to
fermentable sugar in this investigation.

compounds by plants (Sorensen 1997). Additionally,
this microenvironment is described as a microbial hot
spot where various interactions between organisms,
beneficial as well as pathogenic take place (Whipps
2001). In addition, the endophyte bacteria and

Rhizosphere and endophytic cellulolytic
bacteria and actinomycetes

Rhizosphere and endophytic populations were
enumerated as average colony-forming units (CFU/g
soil) and (CFU/qg tissue), respectively. The results are
recorded in Tables (1,2). Seventy-one isolates were
collected from the two examined governorates. in the
SHARKIA governorate, the total number of isolates
was 43 (20 rhizospheres and 23 endophytes). The
mean count/plates of rhizosphere and endophytic
microbes ranged from 6 to 30 and 6 to 24
CFU, respectively. While, the total microbial counts
of rhizospheres and endophytes fluctuated between 6
X 104 to 30 x 104CFU/ g soil and 6 x 103 to 24 X
103CFU / g tissues, respectively Tables (1,2). On the
other hand, 28 isolates 16 rhizospheres and 12
endophytes) were isolated from the DAKAHLIA
governorate. The mean count/plates of rhizosphere
and endophytic microbes in this governorate
ranged from 5 to 28 and 3 to 30 CFU, respectively.
While, the total microbial counts of rhizospheres and
endophytes have fluctuated between 5 x 104 to 28 x
104CFU/ g soil and 3 x 103 to 30 x 103CFU/ ¢
tissues, respectively Tables (1,2). Irfan et al. (2017)
isolates thermophilic strain Bacillus subtilis from soil
and used for cellulase production in submerged
fermentation using potato peel as sole carbon source.
Bai et al. (2017) isolated cellulolytic bacterium from
soil and was identified as Cellulomonas sp. Microbial
endophytes can be isolated from surface-disinfected
plant tissue or extracted from internal plant tissue as
cited in the extensive review by Kobayashi and
Palumbo (2000).
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Table 1 Cellulolytic both bacteria and actinomycetes
isolated from rhizospheres (CFU/g soil) from 12 sites

in Sharkia and Dakahlia governorates.

Table 2 Cellulolytic both bacteria and actinomycetes
isolated from endophytes (CFU/g tissues) from 12
sites in Sharkia and Dakahlia governorates.

Governorate Site of sample

Rhizosphere soil

Mean

Endophyte in beet tissues

Isolate CFU/g Governorate Site of sample Mean
No count soil Isolate count CFU/g
Iplates No. Iplates tissues
1 18 18x10" 37 10 10x10°
2 6 6 x10* 38 8 8 x10°
4 39 6 6 x10°
B Ebrahimia (Site 1) )
Ebrahimia (Site 1) 4 12 12 x10* 40 6 6 x10
3
c 8 8 x10° 41 9 9 x10
. 42 10 10 x10°
6 8 §x10 43 7 7 x10°
4
! 5 15x10 44 12 12 x10°
8 30 30 x10* Zagazig (Site 2) 45 15 15 x10°
o 9 17 17 x10* 46 17 17 x10°
Zagazig (Site 2) .
) 10 15 15 x10* 47 12 12 x10
Sharkia 1 1 12 x10° Sharkia 48 14 14 x10°
12 9 9 x10* Aboukbir (Site 3) 49 18 18 x10°
. 50 9 9 x10°
Aboukbir (Site 3) 13 16 16 x10* X
X 51 8 8 x10°
14 23 23x10 » sie & 9 9 x10°
15 25 25 x10* ofornegm (>1te 3
Kofornegm (Site 4) s 53 6 6x10
16 9 9x10 54 13 13 x10°
17 23 23 x10* . . 55 24 24 x10°
Diarbnegm (Site 5) Diarbnegm (Site 5) 5
18 30 30 x10* 56 20 20 x10
_ 19 27 27 x10* 57 9 9 x10°
Kafrsagr (Site 6) 20 2 26 x10° Kafrsagr (Site 6) 58 16 16 x10°
X
. 59 10 10 x10°
Mansoura (Site 7) 21 28 28x10 Mansoura (Site 7) 60 18 18 x10°
22 20 20 x10°* Belkas (Site 8) 61 30 30x10°
) 23 27 27 x10* 62 7 7x10°
Belkas (Site 8) 3
24 20 20 x10* 63 15 15 x10
25 16 16 x10* . 64 5 5 x10°
Sherbin (Site 9) Sherbin (Site 9) o s 310
26 28 28 x10*
66 10 10 x10°
27 19 19 x10*
67 5 5 x10°
can Satamony (Site 10) 28 15 15 x10*
Dakahlia - 3
Dakahlia 68 16 16 x10
29 6 6 x10* ! Satamony (Site 10)
30 14 14 x10* 69 25 25 x10°
Miitghamr (Site 11) .
31 18 18 x10 Miitghamr (Site 11) 70 22 22 x10°
32 12 12 x10*
33 13 13 x10*
inbillawain (Site 12) 34 o 9x10° Sinbillawain (Site 12) 71 28 28x10°
35 5 5x10*
36 9 9x10*
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Cellulolytic bacteria and actinomycetes
from beet pulp samples.

Five samples of beet pulp were obtained during
the sugar beet production campaign of 2019
from Dakahlia Sugar Company, Egypt. The
samples were collected from the wet sugar beet
pulp that comes out from the extraction stage
after cutting beets into stripes (cossets) to make
the extraction of juice easy. The moisture
content of this wet pulp is about to 86 % and the
dry matter is about 14%. This water content in
the wet pulp makes it a good medium for the
isolation of different types of microbes that may
be hydrolyzed by the component of the pulp.
The results are recorded in Table 3. Thirty-one
isolates were collected from both bacteria and
actinomycetes in this experiment. The mean
count/plates of microbes ranged from one to 6
CFU, respectively. While their total counts
fluctuated between one x 10*and 6 x 10* CFU/ g
pulp Table 3. Schmidt and Walter (1978)
isolated 400 pure cultures of microorganisms
from 8 g bagasse during 6.5 days of storage.
These organisms consist of bacteria (74%),
yeasts (13%), actinomycetes (6%), and
filamentous fungi (7%). Accordingly, Lara et al.
(2014) isolated 198 and 160 yeast strains from
decayed wood and bagasse, respectively.

Medium for isolation and screening of
cellulases producing bacteria and
actinomycetes.

This medium was composed of (g/l):
carboxymethylcellulose (CMC), 10; tryptone, 2;
KH,PO,, 4; Na,HPO,, 4; MgSQO,.7H,0, 0.2;
CaCl, .2H,0, 0.001; FeSO,.7H,0, 0.004; agar,
15, supplemented to 1-liter distilled water and
pH adjusted to 7. This medium is considered a
selective medium for cellulolytic bacteria and
actinomycetes (Ray et al. 2007). The same
medium without agar is used as broth medium
for cellulases production.

Nutrient agar medium : This medium was
used for morphological characterization of
different isolates and it was composed of (g/l):
Beef extract, 3; Peptone, 5; Glucose, 5; NaCl, 5;
agar, 20 supplemented withl-liter distilled
water. (Difco 1994).

Lauri-Bertani agar: This medium was used for
the preservation of collected isolates, which
were composed of (g/l): (tryptone,10; yeast
extract,5;  sodium  chloride,10;  agar,15.
supplemented to 1-liter distilled water. The same

medium without agar was used as broth medium
for culture conditions optimization of
cellulases production.(Bertani 1951).

Table 3 Cellulolytic both bacteria and

actinomycetes (CFU/g pulp) isolated from beet pulp
collected from Dakahlia sugar and refining factory,

Egypt.

Mean count

Samples Isolate No. Iplates CFU/g pulp
72 5 5x 10*
73 5 5x 10*
Sample 1 74 1 1x10*
75 3 3x10*
76 2 2 x10*
77 1 1x10*
78 3 3x10*
79 3 3x10*
80 3 3x10*
sample 2 81 1 1x10*
82 1 1x10*
83 2 2 x10*
84 6 6 x 10*
85 1 1x10*
86 3 3x10*
sample 3 87 2 2x10*
88 2 2 x10*
89 3 3x10*
90 2 2 x 10*
91 3 3x10*
Sample 4 92 5 5x 10*
93 1 1x10*
94 3 3x10*
95 2 2 x10*
96 4 4 x10*
97 1 1x10*
Sample 5 98 1 1x10*
99 4 4 x10*
100 3 3x10*
101 4 4 x10*
102 2 2 x10*
Isolation of cellulolytic bacteria and

actinomycetes.

A selective medium specific for isolation of
cellulolytic bacteria and actinomycetes was used
as described by Ray et al. (2007). Bacteria and
actinomycetes were isolated from rhizosphere
soil and sugar beet pulp using the serial dilution
method as described by Shaikh et al. (2013).
Endophytic microbes were isolated by the
method described by Shi et al. (2009). Spore
suspension of each sample was prepared in
sterilized distilled water and 0.1 ml of the
diluted sample was spread on a CMC medium.
Plates (3 for each sample) were incubated at
40°C for 2-4 days until the visible colonies
formed. The purified colonies were preserved at
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4°C for further screening of cellulases
production.

Screening of cellulases producing bacteria
and actinomycetes.

Microorganisms capable of growing in the
cellulose medium were isolated and checked for
cellulolytic activity. Spore suspension of each
isolate was prepared in sterilized distilled water
and 0.1 ml of the suspension was injected inside
an 8 mm diameter pipe centered and suspended
on a CMC medium as described by Tagg and
McGiven (1971). Plates (3 for each isolate) were
incubated at 40°Cfor 2-4 days until clear zones
of cellulose hydrolysis (enzymatic hydrolysis)
can be visualized with 1% Congo red dye (15
min), followed by destining with 1 M NaCl
solution for 15 min. Clear zones could be
observed only around colonies of the active
cellulolytic isolates (Wood and Bhat 1988).

Morphological and biochemical characterization
of selected isolates.

Some morphological (shape & motility) and
biochemical (Gram staining, starch hydrolysis,
catalase & oxidase secretion) characteristics of
the highly seven cellulases producing isolates
were examined. Morphological characters were
observed on the Nutrient agar medium (Difco
1994). After 24 h of incubation at 30°C cell
morphology was determined using light
microscope observations of Gram-stained smear
preparations. Motility and shape were tested by
the hanging drop method (Priest et al. 1988).
Gram stain test was performed by the method of
Potter and Beth (2008). Starch hydrolysis test
achieved as the method described by Hemraj et
al. (2013). Catalase and oxidase secretion were
tested by methods described by Facklam and
Elliott (1995) and Winn et al. (2006),
respectively.

Optimization of culture conditions for
enzyme production.

Sterilized Lauri-Bertani broth inoculated with
1.3 x 10* CFU/ml of pure colonies of each
selected isolate (S11, S45, and S88), then
incubated statically at 40°C for 2-4 days. In
addition, the effect of different incubation
temperatures at 30 - 60°C and pH at 5 — 7 on the
enzyme activity was examined. At the end of the
incubation period, the cultures were filtrated
using Whatman No.1 filter paper. The culture

filtrate was used directly for enzyme activity
determination. Cellulase (CMCase) activity was
determined by mixing 0.5 g of CMC in 50 mM
acetate buffer pH 5 with 0.5 ml of suitably
diluted enzyme and incubating at 50°C for 20
min (Ghose 1987). The reaction was terminated
by the addition of 2 ml of 3,5dinitro salicylic
acid (DNS) and the contents were boiled for 10
min. The color developed read 520 nm (UV
spectrophotometer). The amount of reducing
sugar liberated was quantified using glucose as
standard. One unit of cellulases is defined as the
amount of enzyme that liberates 1 p mole of
glucose equivalents per minute under the assay
conditions. A blank was also prepared that
contains 1 ml of distilled water instead of the
enzyme.The proper statistical analyses of
variance according to Gomez and Gomez,
(1984). Mean comparison between treatments
and their interactions was determined using
Duncan’s multiple range tests at a 0.05
probability significance level .

Results and Discussion.

Sugar beet factories face high maintenance cost
in the beet pulp stations. Another high cost in
the forage production from beet pulp during the
industrial processes. So, our study aimed to
convert the high amount of agro-industrial beet
pulp into fermentable sugars as a friendly source
of energy. Cellulases can be produced by many
microbes, such as bacterial and fungal species of
various ecological backgrounds (Santhi et al
2014). Cellulases are very important enzymes
for the bioconversion of beet pulp into
fermentable sugars suitable for ethanol
production as clean biofuel as well as several
other fermentation products. The cellulose
content in sugar beet acts as trap for calling and
catching the cellulolytic  bacteria and
actinomycetes from the surrounded rhizosphere
soil during the sugar beet growth campaign.

Screening for cellulases production by
collected bacteria and actinomycetes.

One hundred and two isolates of bacteria and
actinomycetes were collected and screened for
their abilities to produce cellulases in this study.
Thirty— six isolates (No. 1 — 36 in Table 1
obtained from the rhizosphere soil (soil
samples), 35 isolates (No. 37 — 71 in Table 2
obtained from the endophytic samples and 31
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isolates (No. 72 — 102 in Table 3 obtained from
the beet pulp samples. The results were recorded
in Table 4 showed that the isolates under
examination were classified into five categories.
The first category (VH= very high cellulases
producers) formed a clear zone of more than 3
cm and was represented by 7 isolates (two from
rhizospheres, numbers 11 & 31; one from
endophytes, number 45; and four isolates from
the beet pulp samples, numbers 72, 73, 85 &
88). The second category (H= high cellulases

producers) formed a clear zone ranging from 2
to 3 cm and represented by 3 isolates.The third
category (M= moderate producers, formed a
clear zone between 1 and less than 2 cm. This
group is represented by 30 isolates. Nineteen
isolates showed a low production level of
cellulases (L= clear zone less than one cm)
representing the fourth category. The rest 43
isolates could not produce cellulases and
represented the fifth group.

Table 4 Screening of bacterial and actinomycete isolates obtained from rhizosphere soil, endophytes of
sugar beetroots, and sugar beet pulp samples for their abilities to produce cellulases.

Clear Clear Clear
Isolate zone activity Isolate zone activity Isolate zone activity
No. (cm) No. (cm) No. (cm)
1 0.00 VE 35 0.00 VE 69 0.00 VE
2 0.90 L 36 0.80 L 70 0.85 L
3 0.00 VE 37 0.00 VE 71 0.00 VE
4 0.00 VE 38 0.00 VE 72 3.05 VH
5 1.35 M 39 1.20 M 73 3.15 VH
6 1.60 M 40 0.00 VE 74 0.00 VE
7 1.15 M 41 1.75 M 75 0.00 VE
8 2.10 H 42 0.00 VE 76 1.85 M
9 1.35 M 43 1.10 M 7 0.00 VE
10 1.25 M 44 0.00 VE 78 1.25 M
11 3.75 VH 45 3.20 VH 79 0.00 VE
12 0.00 VE 46 1.60 M 80 0.00 VE
13 0.00 VE 47 0.85 L 81 1.70 M
14 0.00 VE 48 2.05 H 82 0.85 L
15 0.75 L 49 0.00 VE 83 0.85 L
16 0.00 VE 50 0.00 VE 84 1.85 M
17 0.75 L 51 0.00 VE 85 3.05 VH
18 1.25 M 52 0.00 VE 86 0.85 L
19 0.00 VE 53 1.25 M 87 1.25 M
20 0.00 VE 54 0.00 VE 88 3.25 VH
21 1.10 M 55 0.00 VE 89 1.25 M
22 1.10 M 56 0.00 VE 90 1.45 M
23 1.25 M 57 0.00 VE 91 0.90 L
24 0.00 VE 58 0.00 VE 92 0.80 L
25 0.00 VE 59 0.85 L 93 0.00 VE
26 0.00 VE 60 1.35 M 94 1.25 M
27 0.00 VE 61 1.45 M 95 1.25 M
28 0.00 VE 62 0.00 VE 96 0.95 L
29 1.40 M 63 1.60 M 97 0.00 VE
30 0.00 VE 64 0.85 L 98 0.50 L
31 3.05 VH 65 0.00 VE 99 1.40 M
32 1.60 M 66 0.00 VE 100 0.80 L
33 0.90 L 67 0.85 L 101 0.85 L
34 0.00 VE 68 1.75 M 102 2.05 H

CZ: clear zone diameter measured by cm.Activity: very high= VH (CZ:more than 3 cm), high=H (CZ:2-3cm), moderate=M (CZ:
1-2cm), low=L (CZ: less than 1cm) and Negative= VE (CZ = zero cm).
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Isolate no.73

Isolate no.85

isolate n0.31

Figure 1 The highly seven-cellulases producer
isolates during the study.

The highest seven isolates for cellulases
enzyme production on CMC agar medium were
obtained during the study. Figure 1 shows clear
zones as evidence of cellulases enzyme
production.

Characterization of the highly seven
cellulases producing isolates.

The highly seven cellulases producing isolates
(11, 31, 45, 72, 73, 85 & 88) were characterized
through their morphological appearance,
motility, Gram staining, in addition to catalase,
starch hydrolysis, and oxidase tests. Data was
obtained from the cultural, morphological, and
biochemical studies compared with the standard
description given in Bergey’s Manual of
Determinative Bacteriology and the cellulolytic
actinomycetes and bacterial isolates identified
in Table 5 . From morphological and
biochemical tests, the 7 isolates were Gram-
positive and show no motility except isolate
No. 45, isolate No. 72 and isolate No. 88. All
isolates are positive in catalase except isolate
No. 45 and isolate No. 85. All isolates show
positive results in starch hydrolysis activity
except isolate No. 3land isolate No. 85. All
isolates show negative oxidase test except
isolate No. 31, isolate No. 45 and isolate No.
85. After staining isolate No. 45, isolate No. 72
and isolate No. 88 appears in rod shape and
isolate No. 85 appears cocci in pairs and few
ones’ cocci in single and isolate No. 11, isolate
No. 31 and isolate No. 73 appears in the
filamentous shape.

Table 5 Some morphological and biochemical
characteristics of the seven highly cellulases
producer isolates.

Characterization

Gram Starch

Shape Motile stain Catalase hvdrolvsis Oxidase
Isolates ydroly
S11, Streptomyces Filamentous Non + + + -
S31, Streptomyces Filamentous Non + + - +
S45, Bacillus Rod + + - + +
S72, Bacillus Rod + + + + -
S73, Streptomyces Filamentous Non + + + -
S85, Streptococcus Cocci in pairs Non + - - +
S88, Bacillus Rod + + + + -
46
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Bacteria and actinomycetes have a high growth
rate as compared to fungi because of their fast
growth rates. Therefore, they have good
potential to be used in cellulases production.
Celluloytic property of some bacterial genera
such as Bacillus, Cellulomonas, Cellovibrio,
Micrococcus, Pseudomonas, and
Sporosphytophaga spp., previously, recorded
by several researchers (Immanuel et al. 2006).
Cellulases vyields appear to depend on a
complex relationship involving a variety of
factors like inoculum size, pH value,
temperature and growth time, etc. (Immanuel et
al. 2006).

Optimization of culture conditions for
enzyme production.

Effect of incubation period on cellulases
activity.

Isolates S11, S45, and S85, which were
recorded in the screening experiment as the
highest cellulases producers and isolated from
rhizosphere soil, as endophytes from beetroot
and beet pulp, respectively, were selected for
guantitative determination for their cellulases
activities. The results in Table 6 indicated that
the activities of cellulases produced by the
tested isolates S11, S45, and S88 were 0.73,
0.17, and 0.54 U/ml after two days of
incubation period, respectively. These levels of
cellulases activity were increased to 1.33, 0.24,
and 0.76 U/ml on the fourth incubation day,
respectively. Based on the obtained results, it
was found that isolate S11 is the highest
CMCase producer and the second one is isolate
$88.Sethi et al. (2013) found that the cellulases
activity of E. coli and Bacillus sp. were 0.6 and
0.5 U/ml, respectively when grown on agro-
based waste sources. Somkidet al. (2015) found
that the enzyme activities of both Bacteria PD6-
1 and Actinomyces PD2A2 were 0.001 U/ml.

Table 6 Cellulases activity by the promising
isolates after 2 and 4 days of incubation.

The experiments were done on the tested
isolates to measure the effect of different
temperature and pH degrees on the rate of
cellulases activity produced after two and four
days.

The effect of temperature and pH degrees on
the rate of cellulases activity produced after
two days.

Table 7 shows the significant differences
between isolates and temperature degrees
except for pH degrees where there were no
significant differences in studying the isolates,
where the isolate S11 exceeded the other
isolates where it recorded 0.662, during the
studying of temperature we found that the
temperature  40°C  exceeded the other
temperatures than the temperature 50°C and the
last one was 30°C, and there are no significant
differences among the different pH degrees
where the highest degrees were 5,6,7 pH.

Table 7 Cellulases activity produced was
affected by the main factors after two days.

Tcr'liiarﬁiiﬁ Cellulases activity (U/ml) 2 days
A- Isolates
s11 0.662"
S45 0.163¢
88 0.455°
F-test -
B- Temperature
30°C 0.352°
40°C 0.462"
50°C 0.461*
60°C 0.431°
F-test -
C-PH
5 pH 0.443"
6 pH 0.421%
7 pH 0.411%
F-test n.s

Isolates Cellulases activity (U/ml)
2 days 4 days
S11 0.73+£0.1 1.33+0.1
S45 017+£0.1 024+0.1
S88 0.54+0.2 0.76 £0.2

*, ** ns: significant at 5%, 1% level« and not
significant, respectively. Sharing a letter in common
within a column does not differ significantly
(p<0.05).
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Table 8 shows the bilateral interaction between
isolates and temperature degrees where the
differences were highly significant and the
highest value of cellulases activity produced
was at 50°C in isolate S11, and the lowest value
was in isolate S45 at 30°C.

Table 8 Effect of temperature on cellulases
activity produced by the three tested isolates
after two days.

Table 10 Cellulases activity produced is affected by
the interaction between temperature and pH after

two days.
Temperature pH
5 6 7
30°C .

0.367 0.347° 0.343¢
40°C 0.500*°  0.447°  0.440%®
50°C 0.480°  0.460° 0.443°
60°C 0.443° 0.437% 0.413°
F_test *%* *%* *%

A- Temperature
Isolates

30°C 40°C 50°C 60°C
S11  0.527% 0.650° 0.760° 0.710°
S45  0.130' 0.200" 0.160" 0.163"
S88  0.400° 0.537% 0.463° 0.420
F_test *%* *% ** **

Table 9 shows the binary interaction between
the isolates and the pH degrees where there
were highly significant differences and the
highest value of cellulases activity produced
was at pH7 in the first isolate S11, and the
lowest one was in S45 at the pH degree pH?7.

Table 9 Effect of pH on cellulases activity
produced by the three tested isolates after two days.

Table 11 shows the triple interaction among the
isolates’ temperature and pH degrees and the
difference was highly significant, the isolate
S11 exceeded the other isolates and the highest
value of cellulases activity produced was at
50°Cand pH degree pH 7 where it was recorded
0.800 according to EI-Naggar and Abdelwahed
(2012); Alam et al. (2011)., the lowest isolates
of cellulases activity produced S45 which
recorded 0.100 at 30°C and pH degree pH 7
where was found that the isolates S45 and S88
preferred the temperature 40°C and the pH 5
according to Tiwari et al. (2015). Irfan et al.
(2017) obtained CMCase enzyme 3.5 U/mi
from Bacillus subtilis K-18 at pH 7.0 and
incubation temperature of 50 °C under
submerged fermentation. Bai et al. (2017)
found the optimum CMCase enzyme activity at
pH 7.0 and incubation temperature 50 °C.

Table 11 Cellulases activity produced was
affected by the interaction between different
isolates, temperature, and pH after two days.

A- Isolates pH
5 6 7

S11 0.625° 0.663°
0.698°
h .
S45 0.200° 0.158" (33

d e
588 0.518° 0.448 0.400"

F_test *% *% *%

Table 10 shows the bilateral relationship
between temperature and pH degrees where the
relationship was highly significant and the
highest ratio was at 40°C, and pH 5, and the
temperature was 50°C, and pH 5 where the
lowest value of cellulases activity produced
was at the temperature 30°C, and pH7.

Isolates  Temperature pH
5 6 7
30°C 0.480° 0.530® 0.570°
40°C 0.610° 0.640° 0.700™
s11 50°C 0.730° 0.750° 0.800°
60°C 0.680°° 0.730° 0.720°
30°C 0.170" 0.120' 0.100'
40°C 0.2609 0.180" 0.160"
S45 50°C 0.190" 0.160" 0.130'
60°C 0.180" 0.170" 0.140'
30°C 0.450° 0.390" 0.360"
40°C 0.630° 0.520" 0.460°
s88 50°C 0.520% 0.470°  0.400'
60°C 0.470° 0.410" 0.380"
F_test — *%* ** ** **
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The effect of temperature and pH degrees on
the rate of cellulases activity produced after
four days.

Table 12 shows the differences were
significant between isolates and temperature
degrees except for the pH degrees where there
were no significant differences in studying the
differences between the isolates, where isolate
S11 exceeded the other isolates where it
recorded 1.202 in the studying of temperature
degrees, the 50°C exceeded, then 40°C, and in
the last rank was 30°C, and there were no
significant differences between the different pH
degrees and the highest were 5, then 6, then pH
7.

Table 12 Cellulases activity produced was
affected by the main factors after four days.

Table 13 Effect of temperature on cellulases
activity produced by the three tested isolates
after four days.

A- Temperature
Isolates

30°C  40°C 50°C 60°C

S11 0.944° 1.192° 1.392° 1.281°
S45 0.185" 0.280¢ 0.224f 0.230f
S88 0.562

0.755% 0.652°  0.591

F_test *%* *%* *%* *%*

Characters Treatments Cellulase activity
(U/ml) 4 days
A- Isolates
sli 1.202%
S45 0.230°
S88 0.640°
F-test wx
B- Temperature
30°C 0.564°
40°C 0.742%
50°C 0.756"
60°C 0.701°
F-test *
C-pH

5 pH 0.714%

6 pH 0.689°

7 pH 0.680°
F-test n.s

sharing a letter in common within a column does not
differ significantly (p<0.05).

Table 13  shows the bilateral interaction
between the isolates and temperature degrees
and the differences were highly significant the
highest value of cellulases activity produced
was at 50°C in isolate S11 and the lowest value
was in isolate S45 at 30°C.

Table 14 shows the bilateral interaction between the
isolates and the pH degrees. There was a highly
significant and the highest value of cellulases
activity produced at pH7 in the isolate S11 and the
lowest at S45 at pH7.

Table 14 Effect of pH on cellulases activity
produced by the three tested isolates after four
days.

A- Isolates pH
5 6 7

S11 1.135¢c 1.205b 1.267a
S45 0.281g 0.222h 0.187i
S88 0.727d 0.630e 0.563f

F_test ** ** *%*
Table 15 shows the bilateral relation between
temperature and pH degrees where the
relationship was highly significant and the
highest ratio was at 40°C and pH 5, then 50°C,
and pH 5, and the lowest value of cellulases
activity produced was at 30°C, and pH 6.

Table 15 Cellulases activity produced is
affected by the interaction between temperature
and pH after four days.

Temperature pH
5 5 7
30°C 0.579° 0.554° 0557°
40°C 0.790° 0.718 0.719°
50°C 0.773a 0.756b 0.739b
60°C 0.716c 0.713¢ 0.673d
F-test el ** *k
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Table 16 shows the triple interaction between the
isolates, temperature, and pH degrees, and the
differences were highly significant, where the isolate
S11 exceeded the other isolates, and the highest value
of cellulases activity produced was at 50°C, and pH 7
and recorded 1.472 according to Alam et al. (2011)
and the lowest one was S45 which recorded 0.142 at
30°C and pH 7 where the isolates S45 And S88
preferred the temperature 40°C and pH degree 5
according to Tiwari et al. (2015).

Table 16 Cellulases activity produced was affected
by the interaction between different isolates,
temperature, and pH after four days.

Isolates Temperature pH
5 6 7

30°C 0.863" 0.945% 0239
40°C 11239 11717 1.283¢
Sll . . .

50°C 1.321° 1.382° 1.472°

60°C 1.234° 1.320° 1.290°
30°C 0241™ 0171" 0.142°
a5 40°C 0362 0251" 0.227"
50°C  268™ 0223" 0.182"
60°C 0.253" 0.241" 0.196"
30°C 0.632)  0.547% 0.507"
40°C 0.885" 0.732' 0.648
88 | , )
50°C 0.730' 0.663' 0.563
60°C 0.662' 0.577% 0.534%
F-test *k *k *k **
Conclusion

The results which were achieved in this
investigation demonstrated the suitable habitats
for cellulolytic bacteria and actinomycetes, the
optimum conditions (time, temperature, and pH)
for cellulases enzymes production, and
interaction among these conditions. In this
study, we recommended with the use of bacteria
(Streptomyces) sample No. S11 that was isolated
from the rhizosphere soil of sugar beet. This
isolate recorded the maximum value of
cellulases production at 50°C and pH 7.
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