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Abstract
Phytase is an enzyme that can be breaking down the complex organic forms of phosphorous such

as phytate into simpler forms by sequential hydrolysis of phosphate ester bonds and liberate the
usable form of inorganic phosphates. Supplementation of feeds with microbial phytase enhances
the bioavailability of phosphorus and micronutrients. Hence, the aim of this study was to isolate
and characterize phytase producing bacteria from Rhizospheresoil, fresh poultry excreta, Cattle
shed in order to evaluate their potential in improving poultry feeds. Phytase producing bacterial
were isolated using Wheat Bran Extract Medium. A total of 169 bacterial isolates were purified
and screened for phytase activity. Out of which36 were found positive for the desired purpose.
The bacterial isolates were identified by cultural, morphological, and biochemical features.
Finally, the isolates were identified to species level by 16S RNA genes sequencing using
universal primers. The isolate (RS1, RS8, RS10 and RS15) correlated with shared the highest
similarity indices, Enterobacter asburiae, Klebsiella pneumonia, Pseudomonas aeruginosae and
Escherichia coli respectively. all isolates alone possible to increase the phytase production in
cultures medium (wheat bran extract medium) by supplementing with 1% galactose and
ammonium sulphate, temperature (50°C), pH (6), incubation time (72 hr) and size of inoculum
(at 800pl). Proximate composition analysis after supplementation of phytase released the bound
phytate phosphorus and improved bioavailability of phosphorus, calcium, potassium and sodium
in poultry feed. Overall, this study is to improve the nutritional value of poultry feed, reducing
the cost of diets and supplementation inorganic phosphate. Lastly, it will be maximizing poultry
products by supplementation of phytase with poultry feed.

Keywords: Phytase, rhizosphere soil, wheat bran, industries and poultry



1. Introduction

Poultry isan agricultural practice in which domesticated and commercialized types of birds kept
and managed forproduction of eggs andmeat for humans. It isthe second most widely eaten foods
globally.Poultry provides nutritionally beneficial foods (meat and eggs) that contain high-quality
protein accompanied by a low proportion of fat (Melkamu, 2013, FAO, 2010and Reta, 2009).In
Ethiopia poultry production is an important part of the mixed crop-livestock farming system
practiced by most households where it makes a vital function through the provision of meat and
eggs for home consumption and for the generation of income (Birhanu, et al., 2015) The sector
in the country can be characterized into three major production systems namely village, small
scale commercial and large scale commercial poultry production on the basis of the parameters
such as breed, flock size, housing, feed, health, technology, and bio-security (Tadelle, et al.,
2003).

In Ethiopia there is huge demand of poultry meat and eggs which has lead to an rising
establishment and expansion of modern and organized poultry farms in the entire country
particularly in per urban and urban areas (Dana,et al., 2010).These emerging farms contribute a
lot to improve the livelihood, food security and poverty reduction as well as providing a
handsome return in per-urban and urban areas in the tropics(pica and otte, 2010). The demand of
protein food is progressively growing with the improvements of society’s income and population
growth (FAO,2010).Therefore, Poultry meat and egg are important sources of edible animal
protein(FAO, 2010). Moreover, poultry production is considered as a fulfilling the nutritional
requirement of the poorest sections of the society(Reta,2009).Thus, if food self-sufficiency is to
be achieved and to combat malnutrition in developing countries particularly in Ethiopia, there is

a need to give due attention to poultry production (Melkamu, 2013).

Factors affecting chicken under intensive production systems are numerous, however feed,
marketing constraints, diseases and bio-security are the most important one (Matawork,
2016).Poultry feed is one of the most critical constraints to poultry production in the rural
smallholder and large-scale systems and account 60-70% of production costs under intensive

production systems(Yenesew, et al., 2015).The problem is mainly associated with lack of



processing facilities, inconsistent availability and distribution and sub-standard quality of
processed feeds when available(Haftu, 2016).Therefore, poultry production is seriously
constrained due to poor quality poultry nutrition among others in the case of a large quantity of
phosphorus in grain based poultry diet exists in phytate-bound form. As a result, poultry cannot
use bound form of phosphorus due to absence of phytase enzyme in their gastro-intestinal tract
(hailu et al., 2017).

Phytate is reduces bioavailability of some important cations and is known to reduce digestibility
of protein. In order to overcome this problem, food, and feed can be supplemented with phytase
for improving phosphorous bioavailability and reducing phosphorous excretion in the areas of

intensive livestock populations (Sasirekha, et al., 2012).

Phytase is widespread in nature and can be derived from plants, animals and
microorganisms.(Konietzny et al.,2002).Generally, isolating phytase producing microbes can
improve poultry feed, making the poultry farm economically useful. Some of the phytase
producing microorganisms contain bacteria such as Bacillus subtilis, Escherichia coli, fungi such
as Aspergillus niger,A.oryzae, A. flavus and Penicillium sp., and yeasts such as Saccharomyces
cerevisiae, and Schwannoiomyces castelii (Konietzny et al., 2002). Microbial sources are more
promising for the production of phytase on a commercial scale (Pandey et al., 2001). Because of
its potential biotechnological applications, interest in the isolation of new bacterial isolates,

producing novel and efficient phytase, is increasing (Shim and Oh, 2012).

Despite the recognized importance in biotechnology information on bacterial phytase and
phytase-producing bacteria is clearly limited and major efforts are required to improve the
knowledge of phytase present in bacteria and their use in Ethiopian. This investigation is
important to isolate a phytase producing bacteria to improve the production of poultry feed. In
the present study, selected Rhizospheresoil samples, fresh poultry excreta and Cattle shed
samples were collected from locations for isolation of phytase producing bacteria.

1. 1.Significance of the study
Phytate are anti- nutritional factors that in feed reduce its quality by chelating proteins and

essential minerals (phosphorous, calcium, iron, zinc, magnesium, manganese, copper and

molybdenum) and prevent their absorption. Significance of the study is to improve the nutritional
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value of poultry feed, to reducing the cost of feeds reducing the supplementation of inorganic
phosphate and increases the bioavailability of phosphorous in poultry and to maximize the
poultry products by the supplementation of phytase with poultry feed. Phytase hydrolyzes the
phosphate esters bond in phytic acid releasing phosphorus and removing the anti-nutritional
chelating effects of phytic acid. Therefore, isolating and enriching phytase producing bacteria in
the poultry feed in addition of enhancing the nutritional qualities and bioavailability of nutrients

and mineral of the feed

1. 2. Objectives’ of the study

1. 2. 1. General objective

» The main objective of this study was isolation and characterization of some phytase
producing bacteria, purify the enzyme and identify the nutritional quality in the

improvement of feeds of monogastric animals.

1. 2.2. Specific objective

% The specific objectives of this study were to isolate (separate), screen and characterize
potential phytase producing bacteria from Rhizospheresoil, fresh poultry excreta and

cattle shed samples.

% To extract and purify crude phytase enzyme from the potential bacterial isolates using

wheat bran fermentation medium.

%+ To optimize cultivation conditions (carbon sources, nitrogen sources, temperature, pH,
incubation period, and inoculums size) for phytase-producing isolates using OVAT (One

Variable at a Time).

% To analyze proximate composition of poultry feed before and after addition of

experimental phytase enzyme.



2. Literature Review
2. 1. Phytase

Phytase (myo-inositol 1, 2, 3, 4, 5, 6-hexakisphosphate phosphohydrolase, EC: 3.1.3.8) is a
special group of enzyme which catalyzes the stepwise exclusion of phosphates from salt
phytate(phytic acid) (Lei et al. 2013). Phytase is an enzyme that can be breaking down the
complex organic forms of phosphorous such as phytate into simpler forms by sequential
hydrolysis of phosphate ester bonds and liberate the usable form of inorganic phosphates it is a
natural enzyme frequently used for hydrolyze and increasing the food quality of phytate free

containing minerals and nutrients compounds (Shivange et al., 2010).

Phytase have potential applications in the food and feed industries (Alves et al., 2016). In recent
years, phytase have paying attention of researchers and entrepreneurs in the areas of nutrition,
environmental defense and biotechnology (Alves et al., 2016). Microorganisms are the main
sources of phytase that is mainly used in animal feed industry to eliminate the anti-nutritional
properties of phytate (Kim et al., 2006).

Supplementation of diets with microbial phytase enhances the bioavailability of phosphorus and
micronutrients in addition reducing the aquatic phosphorus pollution in the areas of intensive
livestock production and thereby combating environmental phosphorus pollution (Kumar et al.
2015). Phytase has great economic impact in animal feed market and according to the report of
first phytase (summit in 2010) phytase share 60% of total feed enzyme market with a global
phytase market of $350 million annually (Reddy et al., 2015).

2.2. Phytic acid (Phytate) and it’s the anti-nutritional function
Phytate (myo-inositol 1, 2, 3, 4, 5, 6-hexa-kishydrogenphosphate)is a common compound of
plant-derived foods and constitute 1-5% of edible cornflakes, pollen, cereals, legumes, oil seeds
and nuts in weight and plays an anti-nutritive role (Vohra, et. al., 2003 and Singh, et.al., 2013).It
is the mainstorage space form of phosphorus in cereals, legumes, oil seeds and nuts(Chunshan et
al., 2001) and also phytic acid is the mixture of calcium —magnesium salts of inositol hexa

phosphophoric acid considered to be an anti-nutritional part of human and animal diet because:



1. Negatively charged phytic acid chelates with positively charged divalent cations as Fe*?,
Ca*?, Mg*?, and Zn*? and thus interferes with the assimilation of important trace metals.
This is partially attributed to the wide spreading human nutritional deficiencies of
calcium, iron and zinc in developing countries, where the staple foods of plant origin.

2. It binds to proteins and makes them more resistant to proteolysis digestion.

3. Phytate phosphorus is poorly available to monogastric (because the absence of phytase).
Monogastric animals are unable to utilize phytate phosphorus either due to lack of or insufficient
amount of phytate degrading enzyme for example chickens, swine and humans are monogastric,
thus inorganic phosphorus is supplemented in feed for poultry, fish and swine to meet their
nutritional requirement for phosphorus, after digestion the unutilized phytate phosphorus from
plant feeds is excreted, becoming an environmental pollutants in areas of intensive animal
livestock (Soni,et al 2009).

Phosphorous is present in the form of phytic acid in cereals and legumes of animal feeds (Soni,
et al 2009). In order to enhance the phosphate assimilation ability of simple-stomached animal,
the significant metals such as calcium, zinc, and magnesium and iron reducing their

bioavailability, phytase were added in animal feeds (Avinashtungala, 2013).

In addition to making the phosphorous unavailable, phytate binds to divalent cations (Ca*?, Cu*?,
Mg+2, Fe*?, Mn*? and Zn*?) preventing the absorption of these nutrients in the animal guts (Zuo
et al., 2010).In animal feed industries, the feed is usually supplemented with inorganic phosphate
to meet the phosphorous needs for proper growth and development of animals. However, the
anti-nutritional effects of phytate remain unaffected (Sandberg et al., 2002). Excretion of
indigestible phytate, resulting in a large amount of phosphorous in manure, leads to
redistribution of phosphorous in the soil (Turneret al., 2004).

2. 3Phytase producing microbes

Recent research has shown that microbial phytase are most promising for a biotechnological
application (Pandey, et al., 2001) although phytase from bacteria, yeast and fungi have been
characterized (Konietzny, et al., 2002 and Pandey, et al., 2001). Commercial production
currently focuses on the soil fungus and bacteria because to be paid to some properties, such as
substrate specificity, resistance to proteolysis and catalytic efficiency (Kim et al., 2003). Phytase
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detected from bacteria, such as Pseudomonas sp. (Lim et al., 2007), Bacillus sp. (Sajidan, et al.,
2004), Citrobacter braakii(Kim et al., 2003),Enterobacter(Lim et al., 2007).

Commercial phytase from bacteria and fungi are E. coli and Peniphora lycii,Aspergillus niger
and Aspergillus ficum respectively (Selle and Ravindran, 2007). Furthermore, phytase from
several sources may have various characteristics, such as resistance to degradation in GIT (gastro
intestinal track), thermal stability and the suitable pH of the optimal enzymatic activity (Onyango
et al., 2004). These characteristics can influence the phosphorus release, so it is important to
indicate its effects in the enzyme efficacy (Onyango et al., 2004). Bacterial phytase are a real
alternative to the fungal enzymes (Kim et al., 2003).Bacterial phytase that able to put down
phytic acid can be isolated from a range of terrestrial and aquatic environments (Lim et al.,
2007).

2.4. Regulation of phytase production
Phytase is an inducible biological catalyst and its appearance is subjected to a complex parameter

but phytase formation is not controlled uniformly in different bacteria (Liu, et al., 1998). Phytase
production was studied in detail only in Escherichia coli (Touati, et al., 1987) and Raoultella
terrigena (Zamudio, et al., 2002).In non-limiting media the arrangement of the Escherichia coli
and the Raoultella terrigena bacteria phytase were turned off in exponentially growing and in
progress as soon as the cultures entered the stationary phase. Because the synthesis of the
phytase happening immediately the growth time began to decrease, it was optional that either a
nutrient or an energy constraint occur in the stationary phase at the origin of its instruction. A
regulatory inhibition of phytase arrangement by inorganic phosphate levels was normally
observed in all microbial phytase producers, together with moulds and yeast with the exclusion
of Raoultella terrigena and the rumen bacteria (Yanke, et at., 1998).

In Escherichia coli, the main response to the constraint of a specific nutrient was shown to be an
activation of a sureset of genes that permit a better uptake of the nutrient present in low
concentration or the use of other substances that fit into the similar class of nutrients (Konietzny,
et al., 2004).These nutrient-specific systems include the cyclic activator metabolism protein
(cAMP) and its receptor the catabolism activator protein for the use of option carbon sources, the

NtrB/NtrC/c54 area that is induced below nitrogen constraint, and the PhoB/PhoR area that is in



duce under phosphorus restraint (Hengge, 1996). However, the environment is completely weary
for an essential nutrient; the cells go in to the stationary phase. The configuration of more than a
few dozen proteins is enthused throughout change into stationary phase and a center set of
proteins is induced in spite of the class of nutrient for which the cells are starved (Konietzny, et
al., 2004).

The expression of the phytase-encoding gene (appA) was shown to be strongly dependent on the
rpoS-encoded sigma factor (cS) (Konietzny, et al., 2004).Especially sigma factor reliant genes
are keeping pace by several promoters and simply one of them is controlled by sigma factor
(6S).Thus, not all genes identified as sigma factor controlled are completely dependent on sigma

factor for expression.

In minimum media, starvation for phosphate, but not for glucose or ammonia, resulted in a
physically powerful inspiration (stimulation) of rpoS expression followed by an increase in
phytase activity. Moreover phytase expression depends on the nature of the carbon source used
for growth, Glucose has widely used for improve phytase production in cause of catabolism
repression. Combination of the phytase in Escherichia coli and Raoultella terrigena has been

reported to be negatively keeping up by cCAMP (Zamudio, et al., 2002; Konietzny, et al., 2004).

2. 5 Application of phytase

2. 5.1 Application of bacterial phytase in food and feed additives

Monogastric animal that include swine, pig, fish and poultry are incapable to humiliate phytate in
food. They have no phytase in their digestive tract. Undigested phytate in the small intestine
negatively affects the absorption of zinc, calcium, magnesium and iron. It also reduces the digest
ability of dietary protein and inhibits digestive enzymes (Jorquera et al., 2008).Thus, inorganic
phosphate is frequently add to the feed to improve the growth of these animals however
phosphorous up take by mono gastric animals is inefficient (Tumer, et al., 2002). Of this, 70% of

the total phosphorous in feed is released in excreta (Tumer, etal., 2002).

Bacterial phytase can be exacting interest as feed additives. Phytase from E. coil and Citrobacter

braakii are extra resistance to pepsin and pancreatic than marketable Aspergillus phytase



(Konietzny and Greine, 2004).Several studies have desired the effectiveness of supplemental E.
coil-derived phytase, highly stable under acidic conditions, even at pH 2.0 and in improving use
of phosphors by poultry and swine consequence in better feed intake and body mass increase
(Anandham, et al., 2007).

Currently phytase are used mainly in animal feed additives for the diets of monogastric
animals(Sandberg and Andlid, 2002).There is great potential application area of phytase in
processing and manufacturing of food for human and animal consumption (Sandberg and
Andlid, 2002Investigations in this area paying attention on better mineral absorption or technical
improvement of food processing. The high phytic acid (salt phytate) content in cereal and
legume-base diets contributes to inhibition of mineral incorporation (Sandberg and Andlid,
2002).

2.5.2 In vivo function of bacterial phytase
The complex mode of regulation does not shed much light on the role of bacterial phytase. The

stationary phase induction suggests that phytase is not required for balanced growth, and that this
enzyme may be synthesized in response to a nutrient or energy limitation (Konietzny, et al.,
2004).Contrast to different other bacteria; anaerobic rumen bacteria are capable of tolerating a
high level of phosphate without any negative impact on phytase production. This unique ability
leads to a more efficient phytate hydrolysis in the rumen, even under the high phosphate levels in
the rumen fluid of ruminants fed concentrated feed (Konietzny, et al., 2004).The phosphate
generated by splitting of phytate is utilized by both the microbial flora and ruminant host.
Because phytase formation was observed when bacterial cells had to adapt to environmental
fluctuations imposed before the onset of growth or when actively growing cells are stressed, it
was suggests that phytase could be involved in a signal transduction mechanism of metabolic
regulation (Zamudio,et al., 2002).Lactic acid bacteria are adapted to environments rich in
nutrients and energy, explain why there is, with the exception of sourdough bacteria, give clear
evidence for lactic acid bacteria with phytase-producing ability and Raises the issue of a possible

role in providing the cell by means of phosphate hydrolyzed from phytate (Ireland,et al., 2002).



Table 1 Application of phytas in poultry

No.

Application

Reference

Enhance broiler body weight gain

and performance

Scholey et al., 2018; Broch et al., 2018 Hamdi et al., 2018

2 improve egg production Gao et al., 2013; Cabuk et al., 2004
3 Enhance egg quality Gao et al., 2013; Cabuk et al., 2004
4 fillet(bone) mineralization Scholey et al., 2018; Hamdi et al., 2018; Li et al., 2018
5 Improve illegal digestibility Moss et al., 2018; Kim et al., 2017; Hamdi et al., 2018
performance of phosphorous,
Calcium, magnesium, zinc or sodium
in broiler chicken diets
6 Reduce liver weight Viveros et al., 2002
7 Improve digestibility of protein and | Moss et al., 2018; Sa et al., 2013
amino acid (Val, lle, nonessential
amino acid and total amino acid
8 Enhance apparent metabolize energy | Moss et al, 2017
(AME)
9 Improve immunity against new castle | Ghosh et al., 2016
virus
10 | Decrease E.coli count and enhanced | Roofchaei et al., 2017
villous length
11 | Improved feed conversion ratio | Bradbury et al.,2017; Moss et al., 2017;Lee et al, 2017

(FCR) or feed intake

2.6. Factors Affecting Phytase Production in microorganisms

2.6.1Temperatures
For an organism temperature is one of the important factors that affect the growth of

microorganism and produce desired metabolites (Pandey et al., 2001 and Spier et al., 2008).

Temperature is a vital environmental factor which controls the growth and production of

metabolites by microorganisms and this is usually varied from one organism to another




(Banargee and Bhattacharya, 1992; Kumar and Takagi, 1999).So, optimal temperature for the
production of phytase from various sources varies, the production of phytase increased with
increase the fermentation temperature level between 30 to 80°C (Wang et al., 2004).The highest
productions of phytase by Klebsiella spp.at 37°C has also been reported by more than a few
researchers as the optimum temperature (Aziz et al., 2015;Wang et al., 2004). The cell free
supernatant of culture has the phytase activity that exhibited temperature optimal at 37°C (Wang
et al., 2004) and constant at broad variety of temperature (30 up to 80°C). Phytase from some
other microbes has found at 37°C to the best function (Aly, 2015 and El-Toukhy, 2013). As the
main future application of phytase is the digestive aid in animal feed, it needs to be thermo
tolerant, so that phytase can resist high temperature during pelleting process of food especially
for monogastric animals (Arpana et al., 2011). Low and high temperatures may affect the
metabolism of the microorganism and hence the enzyme production. At higher temperature the
enzyme production decreases which might be due to growth reduction and enzyme inactivation
or suppression of cell viability (Ellaiah et al., 2002). In contrast, low temperature values may
reduce the metabolism of the microorganism and consequently the enzyme synthesis (Mazutti et
al., 2007).

2.6. 2pH
Another most important factor is pH of the medium for enzyme production and fermentation

process as it affects growth rates and production rate (Demirkan, 2014). Both effects are
influenced by the breakdown of substrates and the transport of both substrate and product
through cell wall. (Demirkan, 2014). Increased un-dissociated phytase production in agreement
with decreasing pH due to phytase production is considered to inhibit the fermentation of several
enzyme producers (Wang et al., 2004) the nature of pH environment importance for requirement
ofthe culture media for the grown of organism (Demirkan, 2014). Various researchers studied the
effect of pH in the range of 4.0-8.0 for their effect of phytase production by the selected isolate
grown in the production medium, at least 80% of phytase activity residual (Demirkan, 2014). At
pH 4.0 highest activity it indicates acidic in nature. Thus, the pH stability profile of phytase from
Klebsiella sp. and this is used for monogastric animals feeds in the digestive aid (Elkhalil et al.,
2007; Escobin-Mopera et al., 2012 and Sajidan et al., 2004). The Maximum phytase production
was reported at pH 6.0 from Klebsiella pneumoniae SCTbh2 (Das et al., 2013).
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2.6. 3 Carbon source
A number of different substrates have been used to fermentative production of phytase by

phytase producing bacteria (Kumar, et al., 2013). A wide variety of carbon sources including
glucose, sucrose, fructose, starch and lactose are capable of supporting the production of phytase
bacteria (Demirkan, 2014). The Bacillus megaterium has produced higher quantity of phytase
from fructose, but in many other phytase enzymes in the production medium is glucose as a

general carbon source for the better growth and production (Kumar, et al., 2013).

2.6.4 Nitrogen source
Different sources of nitrogen including yeast extract, peptone, urea, and ammonium sulphate,

sodium nitrate ammonium nitrate, and urea are used for maximum phytase production in bacteria
(Demirkan, 2014). Supplementation with a nitrogen source resulted in a better phytase
production compared to the control without supplementation (Demirkan, 2014). Supplementation
with sodium nitrate and ammonium sulphate also resulted in a significant increase in phytase
production compared to the un supplemented controls this is in agreement with previous studies
using A. niger van Tieghem as the fermentation organism and Sporotrichum thermophile Apinis
(Vats, 2002; and Bijender & Satyanarayana,2008).

2.6.5 Incubation time
Incubation period has great effect on the enzyme production and its activity, the enzyme

production from microorganism is directly correlated to the period of incubation (Smitt et al.,
1996).The Incubation time varies from 12 hrs to 80 hrs of the fermentation medium(Kumar, et
al., 2013).The cells may reach at the optimum Fermentation time or stationary phase increases
the enzyme production but beyond the optimum or the cells may reach the decline phase and
displayed low phytase synthesis(Kumar, et al., 2013).

2.6.6 Inoculum size

Inoculums size plays an important role in fermentation process, a suitable inoculums size
sufficient amount of nutrient and oxygen accessible for growth of bacterial (Demirkan, 2014).
Size of inoculums is an important biological factor for the production of enzyme. Hence, a
balance between the biomass and available materials should be for maximum enzyme production
(Demirkan, 2014).the size of inoculums varies from 2-10% (v/v) of the fermentation medium.

Normally for bacterial fermentations inoculums size varies from 2-5% (Demirkan, 2014). Lower
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inoculums level results in a lower number of cells in the production medium. This requires a
longer time to grow to an optimum number to utilize the substrate and form the desired product
(Kashyap et al., 2002). Phytase yield and biomass formation had parallel however, phytase
activity decreased at lower and higher inoculums size (Gulati, 2007). In contrast, higher
inoculums sizes produce a high amount of biomass which rapidly depletes the nutrients

necessary for growth and product synthesis (Baysal et al., 2003).

3. Materials and Methods

3. 1 Description of study area

The study was conducted to characterize phytase producing bacteria from May 20, 2018 up to
March 8. 2019. The experiment was conducted in Microbial Biotechnology Laboratory at Addis
Ababa Science and Technology University (AASTU).

3.2 Sample collection
Samples used as basis of phytase producing bacteria were collected randomly block design (X-

fashion) from different sites within the premises of Addis Ababa Science and Technology
University(AASTU) parameter, Total 60 samples were gathered. Those are: 20 rhizospheric soil
samples from common cereal crops (Maize, Wheat, Teff, and Sorghum) and 30 samples from
legumes (Chickpea, Cowpea, Field pea, Grass pea, Faba bean, and Lentil). 5 fresh poultry
excreta samples were obtained from the area of Addis Ababa. 5 Cattle shed samples were
gathered from around Debre Zeit. In this study, sample collection was performed aseptically
usi444ng sterile spatula and plastic bottle. Then it was transported in Ice box to a Microbial
Biotechnology Laboratory, AASTU. After arrival to the laboratory, samples were stored at 4°C

until used.

3.3 Preparationofawheat bran extracts medium

Twenty five kilo gram (25kg) wheat bran was collected from Charily Feed Factory Addis Ababa,
Ethiopia. A mass of 1 kg of oven dried and milled wheat bran was suspended in a solution
containing 10 L of distilled water and 50 mL of H,SO, and then autoclaved at 121°C for 20
minutes. The liquid fractions were separated by filtration (47 mm pore size), and pH was

adjusted to 6.5 using 1IN of NaOH solution and/or HCL. Finally the wheat bran extract was
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obtained by the removal of water at 50°C under reduced pressure as in indicated by Gao and
Xiao (2009).

3.4 Isolation and screening of phytase producing bacteria
Ten gram of each sample was separately suspended in 90 ml of sterile distilled water and each

samples suspension was serially diluted (10™up to 10 fold). Luria agar medium (yeast extract
5¢/L, peptone 10g/L, NaCl 10g/L, Agar 20g/L; distilled water 1000 ml) was prepared. The pH
value of the medium was adjusted at pH 7 using 1N of HCI and 1N NaOH.100pul of each sample
suspension was inoculated and spread over it. Plates were cultured aerobically at 28°Cfor 72

hours. Suspected isolates were picked up and sub-cultured to purify all isolates (Powar and
Jagannathan, 1982).

All isolates were screened by re-culturing each of the single colonies on Wheat Bran Extract
Agar Medium(0.04% of NH4),SO4, 0.02% of MgS0O,4.7H,0, 0.1% of casein, 0.05% of KH,PO,,
0.04% of K;HPO, and 2% of agar with 1000 ml of Wheat Bran Extract) for phytase production.
The pH was adjusted to 6.5 and incubated at 37°C for72 hours aerobically. Colonies which form
a clear zone was considered as potential phytase producer (Stephen and Jisha, 2008). The halo
(2) diameters and colony (C) diameters were measured using ruler. The hydrolysis efficiency of
all the isolates was determined by the formula Z-C/ C (Stephen and Jisha, 208). Isolates above
50% efficiency were selected and transferred into nutrient agar slants, and stored at 4°C for
further activities (Stephen and Jisha, 2008).

3.5. Characterization and ldentification of the Selected Isolates

3.5.1Cultural and morphological characteristics

Colony characteristics such as size, color, shape, margin, texture, and elevation were studied
after growing the isolates on phytase screening agar medium containing 1% starch for 24 hrs at
37°C (Ashwini et al., 2011; Tom-Sinoy et al., 2011); Identification of the selected bacterial
isolates were done using data obtained from morphological, biochemical characterization and the
isolates were further identified to the genus level according to Bergey’s Manual of Determinative

Bacteriology.
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3.5.2. Gram stain

Gram staining method was performed using fresh cultures of 24 hrs old culture following
standard procedures (Abeba Haile, 2004). It is the study of microscopic look of the isolates. A
small portion of colonies smeared on microscopic slide and heat fixed. Heat fixed slide was
flooded with crystal violet for about 60 seconds. The slide was rinsed several times under gently
running tap water and stained with iodine solution for a minute. The slide was rinsed under
gently running tap water and air dried. The air dried slide was immersed in 95% ethanol for 5
second and rinsed under tap water several times. Thereafter, the rinsed slide was counter stained
with saffranin for about a minute and rinsed under gently running tap water. The slide was either
air or blot dried to be observed under the bright field compound microscope (Brand and origin)
using 100x (oil immersion) objective. Gram positive cells appeared as blue violet but Gram
negative bacteria took the appearance of the counter-stain.

3.5.3. Biochemical characterization of the selected isolates

The biochemical characterization of the selected isolate were performed using test for catalase
production, casein hydrolysis, urease production, starch hydrolysis, H,S production and

carbohydrate fermentation patterns for 12 different sugars (Avinash et al., 2013).

3.5. 3. 1.Catalase test
Catalase production was detected by adding 1 ml of 3% H,0; to 24 hrs old starch agar slant

culture using un-inoculated medium as a negative control. Formation of bubbles confirms a

positive test for catalase while its absence indicates negative result (Abeba Haile, 2004).

3. 5. 3. 2. Casein hydrolysis test

For the Casein hydrolysis test the potent isolates from24 hrs old cultures were streaked on casein
containing medium (1% casein and 2.8% nutrient agar) and incubated for 24 hrs and at 37°C,
after 24 hrs incubation, trichloro acetic acid (TCA) was added over the cultures. If observe the
clear hydrolysis zone formed by the colony the organism is positive for casein hydrolysis
(Vishwanatha et al. 2010).
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3. 5. 3. 3. Urease production test

From overnight culture each isolate 200 ml of culture broth was inoculated into 10 ml of urea
broth media with pH indicator phenol red (0.1g Yeast extract, 0.09g mono-potassium phosphate,
0.095¢g Disodium phosphate, 20.0g Urea and 0.01g phenol red in 1000ml distilled water, pH 6.9)
and incubated at 37°C for twenty four hours up to forty eighty hours. After twenty four hours of
incubation the observation was complete if urea was hydrolyzed, ammonia accumulates in the
medium and makes it alkaline. The color of indicator to change from orange-red to deep pink or
purplish red and it was a positive test for urea hydrolysis. Failure to developing of a deep pink

color was a negative test (Abeba Haile, 2004).

3. 5.3. 4. Starch hydrolysis test

Culture of each isolate taken from 24 hrs old growth was streaked on starch agar media and
incubated for twenty four hours at 37°C. After 24 hrs, each of the line streaks on the starch agar
plate was flooded with Gram’s iodine reagent if the Presence of a clear surrounding area in the

streaked line indicated the hydrolysis of starch, and so positive for the test (Abeba Haile, 2004).

3. 5. 3. 5.Hydrogen sulfide (H2S) production test

Triple Sugar Iron (TSI) agar slants containing (1% lactose, 1% sucrose, 0.1% glucose, 2%
peptone,0.5% NaCl, 0.3% beef extract, 0.03% ferric citrate, 0.03% Sodium thiosulfate, 0.0024%
phenol red, and 1.2 % agar) with pH 6.5 was inoculated with 10 ml culture broth by streaking the
slant surface using a zig-zag line model and stabbing the butt using inoculating needle. The tubes
were incubated for 24 hrs at 37°C. H,Sproduction was detected by blackening of the agar slant

3. 5. 3. 6. Carbohydrate fermentation tests

For a carbohydrate fermentation test 10 ml of basal medium (0.1% peptone, 0.02% yeast extract,
0.3% NaCl, 0.05% KH,POy4, 0.01% MgS04 and 0.01% CaCl) containing 0.1% of one of the 12
carbohydrates (glucose, galactose, sucrose, maltose, manitol, cellulose, dextrose, lactose,
Arabinose, sorbitol, xylose, inositole,) and 0.0025% phenol red as pH indicator. 200 ul culture
broths were inoculated at 37°C for 48 hrs. The observation after 48 hrs of incubation, change in
the color of the medium from red to yellow indicates a positive result for the test (a positive test

for acid production from the fermentation of the carbohydrate tested)
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3. 5.4 Molecular characterization and sequencing

DNA was extracted by proteinase K digestion in a lysis buffer via phenol-chloroform extraction
method (Janarthanan and Vincent, 2007).To extract Genomic DNA the putative bacterial
isolates, RS1, RS8, RS10 and RS15 were cultured in Wheat Bran Extract broth and incubated at
37°C for 24 hrs in an orbital shaker at 200 rpm. From each culture grown 2 ml was centrifuged at
10,000 rpm for 10 min at 4°Cand the supernatant were transfer to in1.5ml Eppendorf tube and
added 600ullyses solution (100mM NaCl, 10mM Tris HCland 0.5 SDS at pH 8) and 40ul of
proteinase K incubate at 60°C for 1hrs. Add an equal volume of buffer —saturated phenol to the
DNA solution and centrifuged. Carefully remove the aqueous layer from each sample and place
in to anew tube. Add an equal volume of a buffer —saturated phenol: chloroform (1:1) mixture to
the aqueous layer. Centrifuged and add an equal volume of chloroform the aqueous layer to
remove traces of the phenol. Repeat the chloroform steps twice. finally add an equal volume of
isopropyl alcohol, 70% ethanol to the aqueous layer, centrifuged as above, discard supernatant
and wash the pellet with 70% ethanol, genomic DNA was extracted and Later on, bands of tested

isolates were visualized using 0.8% (w/v) agarose gel electrophoresis.

PCR amplification was carried out using 16S rDNA with universal primers 8f[(Forward primer:
5AGAGTTTGATCCTGGCTCAG3)1492r(Reverseprimer:5'GGTTACCTTGTTACGACTT3)]i
n an Eppendorf Thermo cycler. The PCR product was checked by agarose gel electrophoresis.
The gel was visualized under UV transilluminat or and photographed. The PCR amplification
was carried out in a PCR thermal cycler. The PCR reaction mixtures(Master mix 10ul,nuclease
free water 7ul, 1pl template DNA, 1 pl forward primers and 1 pl reverse primers to bring the
total volume to 20 ul).PCR was performed in a thermal cycler (Eppendorf) using cycling
conditions that consisted of an initial denaturation at 95°C for 10 min. and then 35 cycles with
denaturation at 95°C for 30 s, annealing at 56°C for 30 s and primer extension at 72°C for 60 s
followed by a final extension at 72°C for 7 min. A negative control was also loaded to eliminate
the possibility of reagent contamination. PCR products stained with ethidium bromide were
analyzed using agarose (0.8%) gel electrophoresis and visualized under gel documentation

system.
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The quality PCR products were sentto Leibiz institute DSMZ (Deutsche Sammlung von mikro
organismen zellkulturen) Braunschweig, Germany for sequencing. Sequenced data were edited
using Bio Edit Sequence Alignment Editor (Version 7.0.5.3) and Mega x version 10.1.5 software
used for sequences alignments analysis aligned and analyzed pylogentices tree construction
respectively for finding the closest homolog using National Centre for Biotechnology

Information (NCBI) Gen Bank database (Kumar, et al 2018). (http:// www.ncni.nlm.nih.gov).

3.6. Crude phytase enzyme extraction (Phytase Recovery)

To obtain crude enzyme the potent isolates were subjected to fermentation in a Wheat Bran
Extract Broth Medium as ¢/l (NH4),S040.04%, MgSQO,.7H,0-0.02%, casein-0.1%,
KH,P040.05%, K;HPO,4-0.04%).The pH of the medium was adjusted at 6.5 before sterilization.
The inoculated medium was incubated on an orbital shaker incubator (200 rpm) at 37°C for 3
days. After 3 days of fermentation, the fermented broths from the flasks50 ml was transferred in
to centrifuge tubes and centrifuged at 6000 rpm for 30 minutes at room temperature. The
supernatants were transferred into clean test tubes and used as crude enzyme solution (Sreedevi
and Reddy, 2013).

3.7. Phytase enzyme purification
Purification of extracted crud phytase enzyme was done by ammonium sulphate precipitation

followed by dialysis. Cell free extract of 50 ml from each isolate was saturated with ammonium
sulphate up to 20-60%. The content was incubated overnight and centrifuged at 10,000 rpm for
10 min. Supernatant from each isolates was collected and checked for enzyme activity; pellet
were collected for further analysis. The enzyme mixture (pellet) from each isolate was
transferred to dialysis tube and immersed in 2mM Tris-HCI buffer at pH- 7 at 4°C for 24 hrs for

phytase purify.

3. 8. Phytase enzyme activity

Ferrous sulphate molybdenum blue technique was used to measured Phytase enzyme activity it
was quantification of enzyme activity (Selvamohan et al., 2012).To get cell free supernatant
(CFS) from each culture grown in wheat bran a culture of 2 ml was centrifuged at 10,000 rpm for
10 min at 4°C . From each isolate0.2 ml (200ul) of the CFS was mixed with 0.16 ml(160pul) of

substrate solution contain 0.1 M tris-HCI, 2 mM sodium phytate and 2mM CaCl,. The mix was

incubated at 37°C for 30 minutes. Reactions were stopped by the addition of 2 ml (2000ul) from
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freshly prepared 5% of tri chloro acetic acid (TCA) followed by the addition of 2000 pl of
coloring reagent. Coloring reagent was freshly prepared by mixing 4 volumes of 1.5% (w/v)
ammonium molybdate with 5.5 % (v/v) sulfuric acid and 1 volume of 2.7% (w/v) ferrous sulfate
solution (Supreethet al, .2015). After the addition of coloring reagent, absorbance was taken at
700 nm. To determine the quantity of inorganic phosphorous released the absorbance were
compared to the standard curve, prepared by using different concentrations of di potassium
hydrogen phosphate (K;HPO,) as a source of inorganic phosphorous. Standard curve used to
estimate the conce44ntration of known phytase sample. Phytase activities were measured in
terms of enzyme units from the amount of inorganic phosphorous released. The phytase activities
(IU/ml of CFS) were defined because the micromoles of inorganic phosphate liberated in one
minute.

Phytase activity IlU/ml = K*OD *f /S*M*30

K is slope of standard curve, OD is optical density is dilution multiple, S is determination

amount of sample (0.2 ml) and M is sample weight (0.06).

3.9 Optimization of phytase production

3.9.1 Effect of nitrogen sources

Wheat bran extract medium was prepared in bulk and discharged into five separate 250 ml flasks
and then supplemented separately with a different nitrogen source at 1% (w/w). The nitrogen
sources used were ammonium nitrate, sodium nitrate, ammonium sulphate, peptone and urea.
Each wheat bran extract medium in separate flask with different nitrogen supplement was
inoculated separately with 10% of 24 hr old inoculum and agitated in a shaker incubator (200
rpm) at 37°C for 3 days. After 3 days, the fermented broth from each flask was centrifuged and
the supernatant was collected for examination of phytase activity (Sreedevi and Reddy, 2012).

3.9. 2. Effect of carbon sources
Wheat bran extract medium was prepared in bulk and discharged into four separate 250 ml flasks

and then supplemented separately with a different carbon source at 1% (w/w). The carbon
sources used were glucose, sucrose, galactose and starch at 1% (w/w). Each wheat bran extract
medium in separate flask with different carbon supplement was separately inoculated with 10%
of 24 hr old inoculum and reserved in a shaker incubator (200 rpm) at 37°C for three days. After
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3 days, the fermented broth from each flask was centrifuged and then the supernatant collected

and examined for phytase activity as indicated by (Sreedevi and Reddy, 2012).

3. 9. 3. Effects of incubation period
To optimize incubation period for the maximum phytase production by the selected experimental

isolates were determined by growing each isolate separately in wheat bran extract medium at a
temperature of 37°C and pH 6.5. The experiments were carried out individually for 24, 48, 72
and 96 hrs. The enzyme assays were carried out at each time interval (Sreedevi and Reddy,
2012).

3. 9. 4. Effects of inoculums size
The wheat bran extract medium was prepared and transferred into six separate 250 ml flasks.

Phytase producing isolates were inoculated (10% of 24 hr old inoculum)in to Wheat Bran Extract
Medium at different inoculum levels (100 ul,200 ul, 400ul, 600ul, 800ul and

1000p1)respectively. The optical density (OD) of enzyme activity was measured after 24 hr of
incubation (Sreedevi and Reddy, 2012).

3. 9. 5 Effects of pH
The wheat bran extract medium was prepared into seven separate 250 ml flasks and the pH in

each flask was adjusted to 3, 4, 5, 6, 7, 8, and 9 pH using INHCI and 1N of NaOH. Then each
flask was separately inoculated with 10% of 24 hr old inoculum and kept in a shaker incubator at
200 rpm for 3 days. At the end of 3 days the fermented broth was collected, and centrifugeted,
then supernatants were collected and phytase activity was estimated (Sreedevi and Reddy, 2012).

3. 9. 6 Effects of Temperature
The wheat bran extract mediums were prepared into seven separate 250 ml flasks and each

medium of flask was inoculated with 10% of 24 hr old inoculums. The effect of temperature for
phytase production was studied by incubating 10% of 24 hr old inoculums (culture medium) at
different temperatures 35, 40, 45, 50, 55 and 60°C along with arbitrary control at 37°C. At the
end of 3 days the fermented broth was collected, centrifuged, the supernatant collected and the
enzyme assay were carried out (Sreedevi and Reddy, 2012).
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3.10. Proximate composition of commercial poultry feed before and after addition of
phytase enzyme analysis

Poultry feed from commercial(well-mixed) and poultry feed from commercial with experimental
phytase were sent to Bless Agri food Laboratory Services P.L.C and Ethiopian Public Health
Institute for the proximate composition (quality) analysis of crude enzyme, phosphorus, calcium,

sodium, and potassium.

3.10.1 Determination of crude enzyme

The macro Kjeldahl method as described by AOAC (2016) was used to determine the crude
enzyme content. From each sample, 2 g was introduced into the digestion flask. 10 g of copper
sulphate and sodium sulphate in the ratio of 5:1 and 25 ml of concentrated sulphuric acid was
added to the digestion flask. The flask was placed in a digestion block in fume cupboard and
heated until frothing ceased given a clear and light blue coloration. The mixture was allowed to
cool and diluted with distilled water until it reaches 25 ml of volumetric flask. Then after, 10 mli
of the mixture was poured into the distillation apparatus and 10 ml of 40% sodium hydroxide
was added. The released ammonia by boric acid was allowed to continue until 10 ml of boric
acid is treated with 0.02 M of hydrochloric acid and the green color change to purple. Finally, the

percentage of nitrogen in the sample was determined and calculated as the following:

10 X 1000 x sample weight (2g)
%Nitrogen X 6.25

%Crude enzyme =

_ (S—B)xMNx 0.014xDx100
Wiof thesamplex/

YoM

Where

S = Sample titration reading

B = Blank titration reading

N = Normality of HCI

D = Dilution of sample after digestion
V = Volume taken for distillation

0.014 = Millis equivalent weight of nitrogen
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3.10. 2 Determination of minerals

Mineral contents of poultry feed from commercial before and after addition of experimental
phytase enzymes were determined by atomic absorption spectrometry for calcium, flame
photometry for sodium, and potassium and spectrophotometer for the phosphorus determination
according to the methods of Association of Official Analytical Chemists (2016).From each
sample wet digestion sample were prepared for the mineral determination. Samples ofl g
samples were introduced in to the digestion glass tube. 12ml of HNOswas added to the samples
and mixture was kept for overnight at room temperature. Then 4.0 ml perchloric acid (HCIO,)
was added to the mixture and kept in the fumes block for digestion. The temperature was started
from 50°C and increasing up to 250-300°C the digestion completed in about 70- 85 min as
indicated by the appearance of white fumes. The mixture was left to cool down and the contents
of the tubes were transferred to 100 ml volumetric flasks and the volumes of the contents were
made to 100 ml with distilled water. The wet digested solution was transferred to plastic bottles

labeled accurately, stored the digest at 4°C for the analysis.

Different electrode lamps were used for each mineral. The equipment was run for standard
solutions of calcium before and during determination to check that it was working properly.
Dilution factor for phosphorus is 2500 and Dilution factor calcium, potassium and sodium, was
100.The concentrations of minerals recorded in terms of parts per million (ppm) were converted
to milligrams (mg) of the minerals by multiplying the ppm with dilution factor and dividing
by1000, as follows:

_ absorbency (ppm) xdry wt.xD

MW
Wt.of sample x 1000)

3.10.2.1 Determination of phosphorus (P)
3.10.2.1.2Preparation of the mix reagent

Twelve gram of the ammonium molybdate was taken and mixed with 250 ml-distilled water in a
beaker (solution A), 0.2908 gm antimony potassium tartarate was taken and dissolved in 500 ml

H SO (5N) solution in a 2 4 volumetric flask. Enough distilled water was added to make the
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solution up to 1000 ml (solution B), the two solutions (A and B) were mixed in a 2000 ml
volumetric flask to get mix reagent. The volume of the mix reagent was made up to 2000 ml by
addition distilled water, 0.739 gram of ascorbic acid was mixed with 140 ml of the mix reagent
in a beaker and left until dissolved to make color reagent and1ml of wet digested duplicate food
sample was taken in a plastic bottle labeled properly and to it was added 4.0ml distilled water to
make a diluted volume of 5.0ml. Five milliliters (5.0ml) of color reagent was added to this
volume and the total volume of this mixture (final solution) was made up to 25.0ml. The dilution
factor of this solution was 2500ml. After some time, the color of this final solution turned blue.
Sample from final blue solution was taken in a cuvett and introduced to spectrophotometer. The
reading of the phosphorus was recorded in ppm. The calculations for the total mineral intake
involved the same procedure as given in Atomic Absorption Spectrophotometer (AAS).The
concentrations of minerals recorded in terms of parts per million 1/10°(ppm)and converted to
milligrams (mg) of the minerals by multiplying the ppm with dilution factor and dividing by
1000.

3. 11. Data Analysis

All the experiments were carried out independently in triplicate. The data represented were in the
form of meant Standard Error(SE) by using SPSS (Statistical Package for Social Sciences),
version 23 software, micro soft excel 2010, Bio Edit version7.0.5.3andMega xversion 10.1.5
software used for sequences alignments and pylogentices tree analysis respectively. Results were

presented by using tables and graphs.
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4. Results
4.1. Screening of purified isolates for phytase production

From three different sample sources such as Rhizosphere soil, Cattle shed and Fresh poultry
excreta samples a total of 169 isolates were selected for phytase production out of which 36

(100%) isolates showed positive for phytase production (Table2, Figure 1).

Table 2 Total number of phytase produce isolates

No Sample sources Number of isolates tested
Isolates Positives
01 Rhizospheresoil 72(42.6%) 18(50%)
samples
02 Cattle shed samples | 55(32.54%) 10(27.78%)
03 Fresh poultry excreta | 42(24.85%) 8(22.22%)
samples
Total 169(100%) 36(100%)

The clear zone of hydrolysis produced by the isolates found positive for a phytase activity on
wheat bran extract medium found ranging from the least 10mm to the largest 32 mm (Table 3).
From the 36 positive isolates, 16 isolates that produced large clear zone of hydrolysis from 10-32
mm) were tested further. From the 16 isolates, 4 potential isolate those produced clear zone (30-
32 mm) were for this study. The remains 12 isolates were inefficient capacity (<50%) then kept
at 4°C (Table-3).
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Table 3. The efficiency of phytase producing bacterial isolates

Samples Positive Holo Colony Efficiency of | Remarks
sources isolates diameter | diameter | hydrolysis Z-C/C
(mm) (mm) (%)
Rs1 31 5 52 Selected for further
Rs 8 32 5 54 Selected for further
Rs9 18 5 26 Not selected
Rhizospheres | Rs 10 30 5 50 Selected for further
oil samples
RS 15 30 5 50 Selected for further
Rs 16 27 5 44 Not selected for further
Rs 30 28 5 46 Not selected for further
Rs 32 21 5 32 Not selected for further
Rs33 23 5 36 Not selected for further
RS36 25 40 Not selected for further
Cattle shed C3 14 5 18 Not selected for further
Samples C12 10 5 10 Not selected for further
Fresh Poultry | FPE a 26 5 42 Not selected for further
excreta
FPE 1 23 5 36 Not selected for further
samples
FPE 10 16 5 22 Not selected for further
FPE 14 18 5 26 Not selected for further

Key: RS was isolated from Rhizospheresoil samples, C was isolated from Cattle shed samples,

and FPE was isolated from Fresh Poultry excreta samples.
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The detection of these four selected isolates obtained from Rhizospheresoil samples using wheat

bran extract agar media is shown in (Figure 1).

RS1

isolate RS8 isolate RS10isolate RS15 isolate

Figure 1. The clear zone hydrolysis efficiency of phytase producing isolates
4.2. Characterization of the selected phytase producing bacteria isolates

Cultural bacteria isolates were characterized. Colony Size, Shape, Color, Margin and Elevation
were observed on solid media (Table 4).the isolates RS1 and RS8 were found in the size of
colony, shape and color indicter that small, circular and white, respectively and the isolates RS10
and RS15were found in the size of colony, shape and color indicter that Medium, Irregular and
Blond respectively. However, the Margin and Elevation of the isolates RS1 and RS8 were show
that entire and flat fish respectively and the isolates RS10 were show that Filaments and Flat
respectively were as RS15 show that undulate and Flat respectively. Gram staining, cell-shape,

and arrangement of four selected isolates were characterized morphologically (Table 4).

Biochemical test results obtained from four bacterial isolates (RS1, RS8, RS10 and RS15) were
shown in (Table 4). All the four selected phytase producing bacteria were found negative for
casein, starch, H,S production and glucose fermentation. However, Isolates RS8, RS10, and
RS15 were found catalase producers, whereas RS1 was not, Except RS8, the other three isolates
(RS1, RS10 and RS15) were shown to be urease negative. Selected bacterial isolates RS1, RS8,
RS10 RS15 were further identified to the genus level by Bergey’s Manual of Determinative
Bacteriology.
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Table 4 Cultural, morphological and biochemical test characteristics of the selected isolates

No | Cultural RS1 RS8 RS10 RS15
characteristics

01 | Size Small Small Medium Medium

02 | Shape Circular Circular Irregular Irregular

03 | Color White White Blond Blond

04 | Margin Entire Entire Filaments Undulate

05 | Elevation Flat fish Flat fish Flat Flat
Morphology
characters

06 | Gram Staining Negative Negative Negative Negative,

07 | Cell- shape Rod Rod Rod Rod

08 | Cell arrangement | Diplobacillus Steptobacillus Cocobacillus Bacillus
Biochemical tests

09 | Catalase - + + +
production

10 | Casein hydrolysis | - - - -

11 | Urease production | - + - -

12 | Starch hydrolysis | - - - -

13 | Hydrogen sulfide | - - - -
production

14 | Carbohydrate - - - -
fermentation

15 | Suggested genus | Enterobacter sp | Klebsiella Pseudomonas sp | Escherichia

pneumonia sp coli sp

Key: (-) indicates negative test and (+) indicates positive test.

4.2.1. PCR amplification of the 16S rDNA from the selected isolates

Amplification of DNA isolated from four pure selected bacterial isolates RS1, RS8, RS10 and
RS15 with universal primers for 16S rDNA, generate 16s rRNA PCR product and its PCR
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product sizes were around 1500 bp (Figure 2). This indicates that the primers used to amplify

16S rDNA weretargeted so that it targets the required conserved DNA region (Figure 2).

1500 bp

Figure 2.Amplified 16S rDNA of the four bacterial isolates and the control run in 0.8% (w/v) of
Agarose Gel: M- 1kb DNA ladder, 1-4 showed 16S rDNA regions of RS1, RS8, RS10 and RS 15
respectively.

4.2.2. Molecular characterization and sequencing
16S rRNA partial gene sequences were performed for selected bacterial isolates (RS1, RS8,

RS10 and RS15 (Table 5).BLAST analysis of the partial 16S rRNA gene sequences for the four
bacterial isolates with the highest phytase activity are presented. The bacterial selected isolates of
16S rRNA sequence RS1, RS8, RS10 and RS15 were 100%, 99.59%,99.65% 99.66%
respectively and gene bank similarity with Enterobacter asburia strain CPS B-2, Klebsiella
pneumoniae strain Sihong_846_1, Pseudomonas putida strain Xuyi and Escherichia coli 25-Ec-
C-116 plasmid strain respectively and the total score 2488, 1321, 1554 and 1611 Spp., size (bp)
16S ribosomal RNA gene length. However, the bacterial selected isolates of 16S rRNA sequence
RS1, RS8, RS10 and RS15 were found the Gen Bank Accession number KF516258.1,
MN314319.1, MN314434.1 and LC501697.1 respectively.
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https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_307713887
https://www.ncbi.nlm.nih.gov/nucleotide/KF516258.1?report=genbank&log$=nucltop&blast_rank=21&RID=5YU173K8014
https://www.ncbi.nlm.nih.gov/nucleotide/MN314319.1?report=genbank&log$=nucltop&blast_rank=19&RID=YHKU7FYB014

Table 5 Molecular characterization of Selected bacterial isolates

No isolates Similarity Species | ldentity | Accession
size (bp) Number
RS1 Enterobacter asburia strain CPS B-2
01 2488 100% KF516258.1
02 RS8 Klebsiella pneumoniae strain 1301
0,
Sihong_846_1 99.45% | MN314319.1
03 RS10 | Pseudomonas putida strain
: 1554 99.65%
Xuyi_351 2 MN314434.1
04 RS15 Escherichia coli 25-Ec-C-116
99.66% | LC501697.1

plasmid p25C116-2, sequence_id: 1611
contigl3

Phylogenetic analysis of 16S rRNA partial gene sequences was retrieved by LAST search from

NCBI Gen Bank Database. The homology nucleotides were presented in Dendrogram (Figure 3)

Likeness and homology of the adjacent sequences have been shown via the robustness tree determined by

the analysis of 1000 time’s bootstrap values between the intermediate.
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https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_307713887
https://www.ncbi.nlm.nih.gov/nucleotide/KF516258.1?report=genbank&log$=nucltop&blast_rank=21&RID=5YU173K8014
https://www.ncbi.nlm.nih.gov/nucleotide/MN314319.1?report=genbank&log$=nucltop&blast_rank=19&RID=YHKU7FYB014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1723006279
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1723006279
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1779063150
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1779063150
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1779063150

MN314322.1 Klebsiella pneumoniae strain Sihong 850 2
MH973166.1 Klebsiella pneumoniae strain SS5KSU
100% MN314320.1 Klebsiella pneumoniae strain Sihong 847 1
MN314319.1 Klebsiella pneumoniae strain Sihong 846 1
F RS8
1004°%e" EF509904.1 Uncultured bacterium clone P4D7-442
RS1
Enterobacter asburiae strain CPS.B-2
Enterobacter asburiae strain Bul

100% . .
Enterobacter asburiae strain Bu2

100%
Enterobacter asburiae strain J31

RS15

LC501669.1 Escherichia coli 24-Ec-C-171 plasmid p24C171-1

'~ LC501525.1 Escherichia coli 26-Ec-C-131 plasmid p26C131-1
99% | 100%

MN704229.1 Escherichia sp. strain R2A SPV 448

MN704605.1 Escherichia coli strain SRA3
MK949381.1 Pseudomonas sp. strain 206016
MN314434.1 Pseudomonas putida strain Xuyi 351 2

RS10

100% | MN314434.1 Pseudomonas putida strain Xuyi 351 2
MN314819.1 Pseudomonas aeruginosa strain Xuyi 403 3

MN314823.1 Pseudomonas aeruginosa strain Xuyi 420 1

LC501697.1 Escherichia coli 25-Ec-C-116 plasmid p25C116-2

0.10

Figure 3. Phylogenetic position of the bacterial strain selected isolates with
other directly related bacterial strains retrieved from NCBI Gene Bank. ween

4.3. Crude and purified phytase enzyme activity

During sub-merged fermentation, isolated bacteria’s were produce high amount of total crude
enzyme, crude enzyme activity and purified enzyme activities (Table 6). The isolates RS15 and
RS10 were found producing the maximum (0.071and 0.058 1U/ml) and minimum (0.049 and
0.019 1U/ml) amount crude enzyme activity and purified enzyme activities, respectively of the
purified enzyme (Table 8) as seen in the Appendix Table 1and 2. However, theisolatesRS10 and
RS15 was shown as 1.09(g/100g) and 0.78 (g/100g) the amount total crude enzyme (Table 8).
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Table 6 Activity of phytase

No | Name bacterial species Total Crud Crud enzyme Purify enzyme
enzyme (9/100g) activity (IU/ml) | activity (1U/ml)

01 | Enterobacter asburiae(RS1) 1.00 0.061 0.029

02 | Klebsiella pneumonia(RS8) 0.72 0.054 0.027

03 | Pseudomonas aeruginosae (RS10) | 1.09 0.049 0.019

04 | Escherichia coli (RS15) 0.78 0.071 0.058

4. 4. Optimization for phytase production
4. 4.1 Effect of nitrogen sources

The effect of nitrogen source on phytase production indicated that the four bacterial isolates
(RS1, RS8, RS10 and RS15) (Figured).The isolates RS1andRS8 were found to produce the
maximum0.0461U/ml and 0.0561U/ml enzyme activity at 1% Ammonium sulphate. The isolates

RS10and RS15were shows to have phytase activity of 0.04 1U/ml and 0.043 IU/ml in media

supplemented with 1% urea, respectively.
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Figure 4. The effect of Nitrogen sources on phytase production
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4. 4 2. Effect of carbon sources

Bacterial isolates (RS1, RS8, RS10, and RS15) were shown the effect of different carbon source
(sucrose, starch, Galactose and glucose)at1% during submerged fermentation (Figure 5) and in
the AppendixTable 3.Isolates(RS1, RS8, RS10, and RS15) wereproduce show high amount of

phytase activity atl% Galactose0.027 IU/ml, 0.042 IU/ml 0.023 IU/ml and 0.0261U/ml
respectively (figure 5).

Effect of carbon sources
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0.04 -
== isolate RS1

== isolate RS8

o
=)
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o
o
]
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isolate RS10

0.02 - ~— =>e=isolate RS15

0.015 -

Enzyme activity (1U/ml)

0.01 -
0.005 -

Glucose Sucrose Starch Galactose
Different carbon sources

Figure 5. The effect of carbon sources on phytase production
4. 4 3.Effect of incubation time

The results showed that all isolates (RS1, RS8, RS10 and RS15) the production increased with
reached maximum0.04, 0.039, 0.039 and 0.041U/ml at 72hrs, respectively (Figure 6). As
indicated Appendix Table 5. The isolates (RS1, RS8, RS10, and RS15) were phytase production
was reduced to 0.022, 0.021, 0.029 and 0.0291U/ml. at 96 hrs respectively (Figure 6)
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Effecte of incubation time
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Figure 6. The effect of Time on phytase production

4.4 4. Effect of inoculums size

The effect of inoculums (100ulup to 1000ul v/v) on the production of phytase by the four
selected isolates was shown in Figure 7. The data indicated that as the inoculums size increases,
the production of phytase by all the selected isolates under the given condition (temperature,
agitation, pH, and medium used) was increasing up to 800ul volume then decline after that lone
The isolate RS8 was shown a maximum amount of phytase production almost in all inoculum
size followed by RS1, RS15 and RS10.The phytase productions reduce at 1000ul by all isolates.
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Effect of incuiums size on phtase production
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Figure 7. The effect of inoculums size on phytase production

4. 4. 5. Stability of phytase at different pH
The results showed that in every one isolates (RS1, RS8, RS10 and RS15) the phytase activity

gradually increased and reached maximum (0.046 1U/ml, 0.049 IU/ml, 0.049 IU/ml and
0.0471U/ml respectively at pH 6 (Figure 8). All the isolates showed a wide variety of pH outline
(3-9) for phytase production. Enzyme production showed a gradual increase from pH 3 to pH 6
but easily decreased from pH 7 to pH 9. For all the isolates, there was a pointed increase in

enzyme activity as the pH approached 6 but decreased as the pH to alkaline values.
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Effect of pH on phytase production
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Figure 8. The effect of pH on phytase production

4. 4.6. Stability of phytase at different temperature
Temperature effect on the phytase production by the four selected isolates was shown in (Figure

9). All the four selected isolates showed that also as the temperature of incubation increase from
30°C to 50°C the production of phytase shown increased. The production of phytase shown
declined at 55°C of incubation temperature. The result indicated that RS15 the maximum amount

of the enzyme at all incubation temperature except at 55°Cand these were observed to be
followed by RS.
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Figure 9. The effect of temperature on phytase production

4. 4.7 Proximate composition of poultry feed before and after addition of experimental
phytase enzyme

The results of proximate analysis of commercial poultry feed (PF) as control and poultry feed

with phytase enzymes (E1, E2, E3 and E4)(Table 7). The result of proximate compositions

analysis of poultry feed with phytase enzymes (E1, E2, E and E4) from selected bacterial isolates

(RS1, RS2, RS3 and RS4) improve bioavailability of phosphorus, calcium, potassium and

sodium were presented.

Table 7 Analysis of poultry feed

Isolates | P Ca K Na Mg/100g

Mg/100g Mg/100g Mg/100g
Before (only feed) | PF 80.15+0.016 142+0.081 | 514.99+0.41 317.78+0.02
After[feed  with | E1 81.75+0.02 497+0.81 537.25+0.008 326.41+0.008
phytase E2 80.85+0.008 186+0.008 | 531.24+0.008 323.22+0.012
(500U/kg)] E3 82.13+0.008 | 271+0.81 | 537.73+0.008 319.8+0.081
E4 83.85+0.008 244+0.81 533.59+0.016 322.19+0.012

Key: PF (Poultry feed), E1 (Enzyme one from RS1), E2 (Enzyme two from RS8), E3 (Enzyme
three from RS10) and E4 (Enzyme four from RS15).

Statistical analysis showed that all treatments were significant difference at P< 0.05.
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5. Discussion

Phytase producing bacterial isolates were selected based on their activity of phytase production
and their clear zone hydrolysis of around the colony. This potential isolates were showed great
variation in the sizes of the clear zone of hydrolysis. They were exhibited on wheat bran extract
agar plates ranging from the least 10mm to the largest 32 mm. This study was agreed with the
earlier studies that already reported clear zone of phytate hydrolysis ranged from > 6mm (Aziz,
et al.2015).

Morphological, biochemical, Cultural and molecular Characterizations also studied for the
selected isolates (RS1, RS8, RS10 and RS15) they were alone gram-negative, rod cell shapes and
Diplo bacillus, Stepto bacillus, Coco bacilluss and Bacillus respectively based on Cell
arrangement. Except isolates RS1, the rest of the other isolates positive in catalase test andRS1,
RS10 and RS15 were show urease negative, whereas isolate RS8 was show urease Positive. All
the selected isolates were negative results in H,S production, starch hydrolysis, casein hydrolysis
and Carbohydrate fermentation (glucose)According to Bergey’s Manual of Determinative
Bacteriology selected bacterial isolates RS1, RS8, RS10 RS15 were further identified to the
genus level Enterobacter, Klebsiella pneumoniae, Pseudomonas and Escherichia coli sp.

respectively.

The 16S rRNA gene-based approach was used as a tool for identification unknown fungal
species which are able to produce phytase enzyme. Sequence nucleotide analysis of conserved
16S rRNA region helps to find out the sequence similarity of different eukaryotic species based
on either pair wise or multiple sequence analysis (hailu, et al 2017). A 16S rRNA the selected
isolates alone belongs to (Enterobacter asburiae (RS1), Klebsiella pneumonia (RS8),
Pseudomonas aeruginosae (RS10) and Escherichia coli(RS15) were show 100%, 99.45%,
99.65% and 99.66% respectively similarity with Enterobacter asburiae strain CPS B-2,
Klebsiella pneumoniae strain Sihong_846 1, Pseudomonas putida strain Xuyi and Escherichia
coli 25-Ec-C-116 plasmid strain, respectively verified in the database. The microbes
identification based on 16S rRNA partial gene sequence focuses on key parts of the genetic

makeup of bacterial (hailu, et al 2017).
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The 16S rRNA partial gene sequence of nucleotide homology was inferred by BLAST search in
the NCBI Gen Bank database. This investigation involving 5 BLAST sequences of similar
homolog’s which were found in Gen Bank revealed that the four samples (RS1, RS8, RS10 and
RS15) have 100%, 99.45%, 99.65% and 99.66% respectively sequence similarity or identity with
other species and phylogenetic family member of the four identified bacterial isolates with other
closely related type strains retrieved from the NCBI database are accessible in the dendrogram
(Fig 3). The 16S rDNA is a good candidate for finding consensus conserved regions suitable for
genus or higher taxonomic level detections because of its relatively slow rate of molecular

evolution.

The evolutionary history was inferred by using the Maximum Likelihood method and Kimura 2-
parameter model (Kimura, 1980). Phylogenetic tree based on 16S rRNA gene sequence using
maximum likelihood tree method a powerful tool for deducing evolutionary and phylogenetic

relationships among organisms was decisive in their identification (Sharma,et al 2017).

The tree with the highest log likelihood is shown. The percentage of trees in which the linked
taxa clustered together is revealed next to the branches. This analysis involved 18 nucleotide
sequences. A total of 728 positions in the final dataset. There Evolutionary analyses were

conducted in Mega x software (Kumar, et al., 2018).

The nitrogen sources are secondary energy sources for the organisms, which play an important
role in the growth of the organisms and the production (Kumar, et al., 2013). In this study the
effect of different nitrogen sources (ammonium sulphate, ammonium nitrate peptone sodium
nitrate and urea) on phytase production show that the selected bacterial isolates (RS1, RS8,
RS10, and RS15) (Figure4). The isolates RS1 and RS8were produced the maximum phytase
activity of 0.0461U/ml and 0.0561U/ml better enzyme activity was recorded at 1% of Ammonium
sulphate at 37°C, pH 6.5, 200 rpm and at 72hrs.More than a few studies had revealed that
maximum phytase production was found when ammonium sulphate and peptone were used as a
nitrogen source (Shah et al., 2009: Gulati et al., 2007). Ammonium sulphate induced phytase
production more than ammonium nitrate (Shah et al., 2009: Gulati et al., 2007). In fact these
nitrogen sources are the most common to effectively induce phytase enzyme production by
bacteria (Choi et al., 2001).
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Carbohydrates (glucose, sucrose, galactose and starch) are essence energy source for the growth
of organisms (Kumar, et al., 2013). In many other enzymes, the production is carried out by
medium amended with glucose as a general carbon source for better growth and production. But
the isolates have produced higher quantity of phytase from Fructose. All isolates (RS1, RS8,
RS10, and RS15) were indicated that the maximum phytase activities 0.027, 0.042, 0.023 and
0.026 1U/ml were record at1% galactose utilization respectively at studies 72hrs, at 200 rpm, at
37°C and pH at 6.5. The result of this study was consistent with others (Tungala et al., 2013;
Kumar, et al., 2013).

The maximum phytase activity was record at 72hrs, 200 rpm, 37°C and pH of 6.5 and at 96 hrs
phytase activities was reduced. All isolates (RS1, RS8, RS10, and RS15) were shows that the
maximum phytase activity 0.04, 0.039, 0.039, and 0.041U/ml at 72 hrs respectively and the
isolates (RS1, RS8, RS10, and RS15) were phytase activity was decreases to 0.022, 0.021, 0.029
and 0.0291U/ml respectively (Figure 6).The decrease of phytase production might be due to the
reduction of nutrients, or the death phase of the organism or due to the buildup of by-products
such as toxins, inhibitors and proteolysis activities in the medium. These by-products are reduced
the growth of organisms and enzyme arrangement. This result showed a similarity to phytase
from Pseudomonas fluorescen (Tungala et al., 2013).

The effect of inoculum size of the selected phytase producing bacterial isolates, (RS8, RS1,
RS10 and RS15) were studied; maximum phytase production was recorded at inoculum size of
800ul) 72hrs, 37°C and pH of 6.5. In the present investigation the isolates grown in wheat bran
extract culture medium with different inoculum size. The isolates (RS1, RS8, RS10 and RS15)
were show that the maximum phytase productions 0.046, 0.048, 0.04 and 0.044 1U/ml
respectively (Figure 7).At low inoculums size, growth of the organism might be reduced
resulting in insufficient biomass and long-drawn-out time for the organism to enter the stationary
phase (Sreedevi and Reddy, 2012).This increases the time needed for consuming substrate and
synthesizing the desired product (enzyme). Alternatively at high concentration of inoculums, the
bacteria grow rapidly and the nutrients present in the media become insufficient to support the
increased number of bacteria and making it very difficult for them to synthesize the desired
product (Sreedevi and Reddy, 2012).In addition, higher inoculums size may result in a rapid over
population of the bacteria and may cause problem of aeration, rapid pH change of the medium.

This may affect the phytase activity of the bacterial. Thus, the production of phytase was
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affected at lower inoculums size this result showed a similarity to phytase from Bacillus sp.C43
(Sreedevi and Reddy, 2012).

The effect of different pH value 3 up to 9 on the production of phytase in four selected bacterial
isolates alone shown in (Figure 8).All isolates results showed that in the phytase activity
increased and reached the maximum at pH 6 (0.046, 0.049, 0.049, and 0.0471U/ml) respectively
at 72hrs, 37°C and pH of 6.5. In the present study, this result showed a similar to phytase from
Pseudomonas sp. aazad, Bacillus spp. and Klebsiella spp. (Singh et al., 2017). Due to that the
isolates favor neutral pH for optimum growth (Singh et al., 2017; tungala et al., 2013). All
isolates at pH 9 decrease the production of phytase relative to the rest of the pH values. A
Similar study also revealed that phytase from E. coli ATCC, reduce phytase production at pH 9
(Singh et al., 2017).

The effect of different temperatures values (30, 37,40, 50 and 55°C) on the phytase production of
four selected bacterial isolates were studied at 72hrs, 37°C and pH of 6.5.All isolates) were
showed that the optimum temperature activity of phytase recorded at 50°C from the rest of the
other temperatures value and the phytase activity reduced at 55°C. The result of this study
similar to phytase from Pseudomonas sp. strain aazad (Singh et al., 2017; Farouket al., 2012,
Elkhalil et al., 2011). Aspergillus japonicus BCC18313 (TR86), phytase from A. niger
BCC18081 (TR170) and E. parvum BCC17694. (Fugthonget al., 2010; Promdonkoy et al., 2009)
and also some investigators results showed on optimal temperature from different microbial
sources agreement with our results (Seo et al., 2005).Similar studies also stated that phytase
isolated from Aeromonassp. LIK 1-5 andCitrobacter braakii YH-15 the optimumtemperature
determined at50°C and the activity decreased after 55°C (Kim et al., 2003).

Proximate composition analysis of (phosphorus, calcium, potassium and sodium) before poultry
feed used as control for the poultry feed with phytase enzymes (E1, E2, E3 and E4) (Table 9).
Phytase as a supplement the poultry feed increases compared to the control. The result show that
proximate composition analysis after supplementation of phytase with commercial poultry feed
to release phytate-bound phosphorus and improve bioavailability of phosphorus, calcium,
potassium and sodium. The result of this study was in agreement with the previous study of the

percent of commercial phosphorus, calcium and phytase were added in to the poultry feeds for
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the proportion of feed ingredients and increase feed efficiency (Sukumar and Jalaudee, 2003) and
improved feed efficiency without affecting feed intake (Ponnuvel et al., 2015). The Ca-phytate
complexes are not easily hydrolyzed by the phytase, resulting in unavailability of phytate P and
bound Ca to poultry. Poultry feed containing calcium can have a great impact on phytase
efficacy and phytate P utilization (Jorquera et al., 2008). A phytase will not be competitive if it
cannot be produced in high yield and purity by a relatively inexpensive system. Recently,
economically competitive expression and/or secretion systems for microorganisms have been
developed (Konietzny et al., 2004). A different strategy to overcome the problems using phytase
as a feed additive such as cost, inactivation at the high temperatures required for pelleting feed

and loss of activity during storage.
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6. Conclusions

Phytase obtained from RS1, RS8, RS10 and RS15 are phytate-degrading enzyme and
suitable for the purpose of poultry feeds.

The optimum phytase activity of the selected bacterial isolates[0.0421U/ml from RS8 at
1% galactose (a carbon source),0.0561U/ml from RS8at 1% ammonium sulphate (a
nitrogen source, 0.038 IU/ml from RS15 at50°C(temperature),0.049 1U/ml from RS8
andRS10at pH 6, 0.04 IU/ml from RS1 and RS15at72 hr (incubation time)and 0.048
IU/ml from RS8at 800pl(size of inoculum)]obtain under cultivation conditions agitated at
200 rpm, 37°C, and pH 6.5 after 72 hr of incubation time.

Based on the results, all isolates alone possible to increase the phytase production in
cultures medium (wheat bran extract medium) by supplementing with 1% galactose and
ammonium sulphate, temperature (50°C), pH (6), incubation time (72 hr) andsize of
inoculum (at 800ul).

Maximum phytase productions are recorded in the presence of galactose as carbon source
and ammonium sulphate as nitrogen source. The production of phytase by these isolates
was shown improving nutritional status of the feed.

Finally, these isolates could be a potential candidate for the production of phytase and

applicable in poultry feed industries.
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7. Recommendations
Based on the result of this study, the following recommendations were made:

> For the bacterial cultures cultivating in liquid media, continuous shaking of the growth
media is essential. So, fermentation of cultures in shaker incubator would improve the

performance of the isolates for production of phytase.

> Further work is needed regards too optimization methods such as factorial design/by
combining factors could give best interactions of the factors for scale up the production

phytase.

> Further study should be conducted for different factors like agitation, different other carbon
source and nitrogen source in combination and separately to study their effect on the

production of phytase. This will improve the production of phytase in industrial level.

> Strain improvement such as classical and genetic engineering of the phytase producing

bacterial isolates should be done in order to increase poultry production for industrial level
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Appendixes

Appendix A. Results of Process optimization

Appendix 1 Activity of purified phytase

Enzyme one

Sample OD at | Conc. Act.
sources 700nm | (pl/ml) (1U/ml)
RS1 0.59 32.777 0.029
RS8 0.543 | 30.166 0.027
RS10 0.388 | 21.555 0.019
RS15 1.164 | 64.666 0.058

Enzyme two

Enzyme three

Appendix figure 1 Phytase and its reaction with color reagent

Appendix 2. Crude phytase enzyme activity

Sample OD at | Conc. Act.
sources 700nm | (pl/ml) (1U/ml)
RS1 1.233 | 68,5 0.061
RS8 1.09 60.555 0.054
RS10 0.999 |53.166 0.049
RS15 1424 |79.111 0.071

Enzyme four
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Appendix 3 the effect of carbon sources on phytase production

RS1 RS8 RS10 RS15
Carbon |OD [(Conc. WAct. OD at |Conc. J|Act. ODat [Conc. ACt. OD at |Conc. ACt.
sources (UI/mD) {(1IU/ml) [700nm [(uL/ml) (IU/ml) [700nm  ((uL/ml) (1U/ml)  [700nm  (uL/ml) (1U/mI)
Glucose [0.392 21.777 0.019 |0.452 P5.111 [0.022 [0.428 23.777 0.021 0.434 24.111 0.021
Sucrose  0.443 24.611 0.022 0.635 @35.277 0.031 0.307 17.055  0.015 0.360 |20 0.018
Starch 0.524 29.111 0.026 0.602 33.444 0.030 [0.405 22.5 0.020 0.355 19.722 0.017
Galactose 0.531 9.5 0.027 0.855 475 0.042 0.477 26.5 0.023 0.51 28.333  0.026
Appendix 4. The effect of Nitrogen sources on phytase production
RS1 RS8 RS10 RS15
Nitrogen (OD at|Conc. |Act. [ODat Conc. JAct. |ODat [Conc. Act. OD at (Conc. Act.
sources 700nm ((uL/ml) {(TU/mI)[700nm |(uL/ml) (IU/ml)[700nm ((uL/ml)|{(1U/ml) 700nm |(uL/ml) |(1U/ml)
Peptone  [0.554 (30.777 (0.028 0.852 }47.333 0.043 [0.702 @39 0.035 0.655 [36.388 [0.032
Ammonium(0.819 455 0.04 0.723 40.166 0.036 [0.603 33.5 0.03 [0.66 [(36.666 [0.033
Nitrate
Sodium  |0.487 R27.055 [0.24 0.568 31.555 0.028 0.61 [33.888 0.03  [0.495 [27.5 0.025
Nitrate
Urea 0.645 35.833 [0.032 0.765 42.5 0.038 [0.833 46.277 0.04  0.850 @47.222 0.043
Ammonium0.917 50.944 0.046 [1.12 62.222 0.056 0.69 [38.333 0.035 [0.716 [39.777 0.036
sulphate
Appendix 5. The effect of Time on phytase production
RS1 RS8 RS10 RS15
Time OD at |Conc. Act. (ODat (Conc. JAct. ODat [Conc. |Act. OD at [Conc. |Act.
700nm |(uL/ml) (IU/ml) 700nm ((uL/ml) (1U/ml) {700nm (uL/ml) (1U/ml) [700nm (uL/ml) (1U/ml)
24h 0.439 [24.388 [0.022 [0.754 ©41.888 0.037 [0.654 [36.333 [0.033 0.605 [33.611 (0.030
4A8h (0.653 [36.277 0.033 |0.757 @42.055 [0.038 0.777 43.166 0.038 [0.670 {37.777 [0.033
72h | 0.814 | 45.222 | 0.04 |0.783 0.039 |0.789 |43.833 | 0.039 |0.818 |45.444 |0.04
96h | 0.684 | 33 0.034 | 0.418 |23.222 | 0.021 |0.597 | 33.166 | 0.029 | 0.590 | 32.777 | 0.029
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Appendix 6. The effect of pH on phytase production

RS1

RS8

RS10

RS15

Initial
pH of

media

OD at
700nm

Conc.
(kg/ml)

Act.
(U/ml)

OD at
700nm

Conc.
(Kg/ml)

ACt.
(U/ml)

OD at
700nm

Conc.
(Hg/ml)

ACt.
(U/ml)

OD at
700nm

Conc.
(Hg/ml)

ACt.
(U/ml)

pH 3

0.610

33.888

0.03

0.749

41.611

0.037

0.702

39

0.035

0.673

37.388

0.034

pH 4

0.827

45.611

0.04

0..772

A2.888

0.038

0.922

51.222

0.046

0.733

40..722

0.037

pH 5

0.832

46.222

0.042

0.749

41.611

0.04

0.986

4. 777

0.047

0.802

44.555

0.04

pH 6

0.922

91.222

0.046

0.993

©5.166

0.049

0.993

©5.166

0.049

0.949

92.722

0.047

pH 7

0.710

39.444

0.036

0.922

51.222

0.046

0.922

51.222

0.046

0.702

39

0.035

pH 8

0.651

36.166

0.033

0.749

41.611

0.04

0.723

40.166

0.036

0.622

34.555

0.03

pH 9

0.592

32.888

0.029

0.789

43.833

0.039

0.682

37.888

0.034

0.579

32.166

0.029

Appendix 7 the effect of Inoculums size on phytase production

RS1

RS8

RS10

RS15

Percent
of

Inoculums

size

OD at
700nm

Conc.

(Hg/ml)

Act.
(U/ml)

OD at
700nm

Conc.

(Mg/ml

Act.

) (U/ml)

OD at
700nm

Conc.

(Hg/ml)

Act.

(U/ml)

OD at
700nm

Conc.
(Hg/ml)

Act.
(U/ml)

100 pl

0.524

29.111

0.026

0.723

40.166

0.036

0.704

39.111

0.035

0.723

40.166

0.036

200 pl

0.646

35.888

0.032

0.763

42.388

0.038

0.752

41.777

0.037

0.733

40.722

0.037

400 pl

0.704

39.111

0.035

0.868

48.222

0.043

0.763

42.388

0.038

0.782

43.444

0.039

600 pl

0.751

41.722

0.037

0.889

49.388

0.044

0.880

48.888

0.044

0.815

45.277

0.04

800 pl

0.920

51.111

0.046

0.963

53.5

0.048

0.810

45

0.04

0.799

44.388

0.039

Iml

0.751

41.72

0.037

0.889

49.388

0.044

0.880

48.888

0.044

0.815

45.277

0.04
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Appendix 8. The effect of Temperature on phytase production

RS1 RS8 RS10 RS15
Tempe| OD at | Conc. | Act. | ODat | Conc. |Act. |ODat | Conc. | Act. |[OD at|Conc. | Act.
rature | 700nm | (ug/ml)| (U/ml)| 700nm | (pg/ml)| (U/ml)| 700nm | (pg/ml)| (U/ml)| 700nm | (ug/ml)| (U/ml)
30°C | 0.644 35.777 | 0.032 | 0.562 | 29.611 | 0.027 | 0.694 | 25.444 | 0.023 | 0.696 | 38.666 | 0.035
37°C | 0.686 38.111 | 0.034 | 0.562 | 29.611 | 0.027 | 0.625 | 34.722 | 0.031 | 0.604 | 33.555 | 0.03
40°C | 0.724 40.222 | 0.036 | 0.711 |39.5 |0.036 |0.651 | 36.166 | 0.033 | 0.729 | 40.5 | 0.036
50°C | 0.74 41.111 | 0.037 | 0.757 | 42.055 | 0.037 | 0.705 | 39.166 | 0.035 | 0.755 | 41.944 | 0.038
55°C | 0.602 33.444 |1 0.03 |0.601 |33.388 | 0.03 |0.681 |37.833 |0.034 |0.625 |34.722 | 0.031
Appendixes B. Phytase standard curve (calibration curve)
Appendix 9.Serial dilution of the potassium di phosphates stock and OD readings at 700 nm
NO | 4Desired Conc. | Dilution | Volume Sodium Total Concentrations OD Reading
OfK,HPO4(ug/ | needed stock (ml) | acetic acid | volume | Of K;HPO4(g/ml) | at700 nm
ml buffer (ml) | (ml)
1 300 3.00/7.00 | 0.500 0.500 1.00 0.0057 0.352
2 350 3.50/6.50 | 0.450 0.550 1.00 0.011 0.635
3 400 4.00/6.00 | 0.400 0.600 1.00 0.017 0.92
4 450 4.50/5.50 | 0.350 0.650 1.00 0.0228 1.19
5 500 5/5 0.300 0.700 1.00 0.0285 1.499
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Appendix figure 2. Phytase standard curve (calibration curve)
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