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ABSTRACT 

 

Zea mays L. is a potential producer of cereal crops and the dominant 

primary energy source of feed for monogastric animals, such as poultry. 

The potential energy content of maize seeds, expressed as Metabolizable 

Energy (ME) is relatively high compared to other feed ingredients. 

However, they contain phytic acid, which acts in physiological functions 
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(storage of main Phosphorus and cations). In Maize seeds, phosphorus is 

primarily stored as phytate (60-97%), and approximately 21-25% are 

found in the plant root. 

This study aims to determine the potential of phytase-producing 

endophytic bacteria, as an invisible avail for Zea mays L. High phytate 

levels in maize seeds is a problem encountered when used as raw material 

in poultry feed. The inability of poultry to produce phytase in 

hydrolyzing phytate feed in the digestive tract, reduces broiler 

digestibility of Phosphorus and other minerals banded by this element. 

This response is due to phytic acid effect, a potent chelator categorized as 

an antinutrient. Interestingly, it has the ability to bind to proteins and ions 

of several essential minerals, such as calcium, iron, zinc, magnesium, 

manganese, and copper, even forming complexes with digestive enzymes. 

A phytate problem-solving effort required the utilization of phytase 

enzyme from various sources, including those obtained from endophytic 

bacteria.  

The existence of phytic acid in phosphorus storage of maize plants, 

allows the presence of endophytic bacteria that utilize this acid as a 

metabolic substrate. Phytic acid is used as a source of Phosphorus for 

metabolic needs, and also engage in mutualism interaction with maize 

plants, since its life cycle does not have a detrimental impact on the host 

plant. By producing extracellular enzymes, phytic acid is hydrolysed by 

phytase, produced by endophytic bacteria. It is known that endophytic 

bacteria play a role in increasing plant growth and yield, suppressing 

contaminant pathogens, dissolving phosphates, or contributing nitrogen. 

Endophytic bacteria is one of the unique groups of organisms that 

have natural habitats in plant tissue, both in the root, leaves, stems, and 

seeds, and are fascinating to explore. Various secondary metabolites have 

been produced and studied, both as antibiotic, antiviral, anticancer, 

antioxidant, anti-insecticidal, antidiabetic, and anti-immunosuppressive 

compounds. The ability to produce phytase, applied in improving the 

quality of poultry feed was explored. The result found and identified four 

types of potential phytase-producing endophytic bacteria from the Maize 

plant, namely Burkholderia strain HF.7, Enterobacter cloacae, E. 

ludwigii, and Pantoea stewartii. Sequentially, each was isolated from the 

roots, stems, leaves, and seeds of the maize plants. 

 

Keywords: endophyte, phytase, phytic acid, maize, Zea mays L., 

Burkholderia 
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1. INTRODUCTION 

 

Maize (Zea mays L.) is an annual crop commonly cultivated by 

residents of various communities, and is the world's largest food source 

after rice and wheat. It is a cereal that has strategic economic value, and 

has the opportunity to be expanded because of its position as the primary 

source of carbohydrates and protein for humans. Maize is also widely used 

for various purposes, such as feed ingredients for farm animals, humans, 

and also an essential component in the production of other products 

including ethanol fuel, adhesives (glue), cosmetics, hand soap, etc. Its plant 

biomass in the form of stems and leaves is also used for green manure and 

animal feed. The listed world maize consumption is found to be increasing 

on a daily basis, including meeting the needs in feed production. In 2020, 

its global demand is found to increase by 45% [1]. 

Maize containing about 72% starch, 10% protein, and 4% fat provides 

relatively high metabolic energy (EM), reaching 365 Kcal/100 g [2]. This 

has led to the use of seed maize as the present primary energy source in 

feed, which has not been replaced. For monogastric farm animals, such as 

poultry, their primary potential source of energy for metabolism are maize 

seeds, compared to other feed ingredients [3, 4]. This is due to the 

limitations of poultry using different crude fibre from a polygastric animal. 

However, maize seeds contain phytic acid that plays a role in their 

physiological functions (primary phosphorus storage and cations). During 

dormancy and germination, the phytic acid in maize plays a role in 

protecting oxidative damage in the storage process. Acting as the central 

reserve, phytic acid is 85% of the total Phosphorus (P) in cereals and 

legumes [5-7]. 

The high level of phytate in maize seeds is a crucial problem in its use 

as the main ingredient in poultry feed. This is due to the nature of the acid 

as a potent chelator categorized as anti-nutrition. Also, it has the ability to 

bind proteins, ions, and some essential minerals, such as calcium, iron, 

zinc, magnesium, manganese, and copper [8]. The presence of phytate 

compounds reduce the digestibility of Phosphorus, protein, and other 
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minerals found in feeds, because they are unhydrolysable in the digestive 

tract [9]. 

Phosphorus and calcium are crucial elements for all animals, including 

poultry, needed for bone mineralization, immunity, fertility, and general 

growth. It is essential to maintain the availability of Ca and P that are 

digested by broiler to support metabolism [10]. The efforts to increase the 

efficiency of Phosphorus and other vital minerals bind by phytic acid, 

reduce its negative effect on nutrient utilization. However, the bonds are 

broken by hydrolysis process [9]. Poultry of monogastric animals have 

limitations in producing phytase in their digestive tract [11, 12]. To meet 

the phosphorus needs of poultry, it is usually necessary to add inorganic 

Phosphorus, such as dicalcium or monocalcium phosphate to the feed. 

Consequently, this causes an increase in the amount of Phosphorus wasted 

with faeces into the environment [13, 14], and simultaneously have 

implications in ecological damage, such as leading to the occurrence of 

water eutrophication [15, 16]. 

The existence of phytic acid as a storage form of Phosphorus in maize 

plants allows the presence of endophytic bacteria. Phytic acid is used as a 

source of Phosphorus for the metabolic needs of bacteria, in addition to its 

symbiotic interaction with the host plant [17]. Also, it is known that the 

acid life cycle does not have a detrimental impact on the host plant [18]. 

By producing extracellular enzymes, phytic acid is hydrolysed by the 

phytase they produce [19-21]. Moreover, it is known that endophytic 

bacteria play roles in increasing plant growth and yield, suppressing 

pathogenic contaminants, dissolving phosphates, or contributing nitrogen 

[22-24]. 

Endophytic bacteria are a unique group of organism having a natural 

habitat in plant tissue, such as root, leaves, stems, and seeds, and are 

fascinating to explore [18]. Various secondary metabolites have been 

produced and researched, both as antibiotic, antiviral, anticancer, 

antioxidant, anti-insecticide, antidiabetic, and anti-immunosuppressive 

compounds [23-25]. The ability to produce phytase has not been widely 

reported, especially their application in improving the quality of poultry 
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feed. However, prospecting endophytic bacteria as a potential producer of 

phytase maize crop has been explored. 

Maize plant endophytic bacteria have the potential to produce phytase 

through substrate induction, to be used as an additive for poultry feed. The 

phytase produced supports the prospect efforts in improving poultry feed 

quality, by optimizing the release of minerals and protein in the meal [12, 

20, 21, 26, 27). This increases productivity because it reduces feed 

production costs, and the use of inorganic Phosphorus which is relatively 

expensive [10, 15, 16]. Furthermore, it also improves digestibility and 

performance of broilers because it is supported by the adequacy and 

absorption of feed nutrients [10, 14, 26, 28, 29], which leads to the creation 

of environmentally friendly animal husbandry [13, 30].  

Phytase is an enzyme of phosphomonoesterase forming a monomeric 

protein [31], which hydrolyse phytate to inorganic orthophosphate, Myo-

inositol, monophosphate, free protein, and other minerals bound to the 

myo-inositol group [32, 33]. The working principle of phytase in nutrient 

utilization is by breaking the bonds of phytate compounds in minerals and 

proteins, to be maximally utilized in the process of metabolism and 

biosynthesis [19, 29, 34].  

Several studies have been conducted to determine the various sources 

of phytase and their effect on the availability of Phosphorus in monogastric 

animal feed. [32] The results showed that the use of inorganic Phosphorus 

is minimized, and it is estimated that 10 kg of calcium phosphate is 

replaced with only 0.25 kg phytase [10, 28]. The use of inorganic 

Phosphorus tends to be expensive, and reducing it undoubtedly decreases 

feed costs [15, 35, 36]. Also, the use of inorganic Phosphorus reduces its 

amount released through faeces, therefore, decreasing environmental 

pollution [37]. 

Several other studies have shown that phytate supplementation in feed 

increase the use of Phosphorus which binds to phytates. [38] It was also 

observed that 500 U/kg of Natuphos® phytase enzyme supplementation in 

broiler chicken feed containing low available P (0.22%), was able to 

improve performance and increase the use of P, Ca, Mg, and Zn. Phytase 

application also increase the bioavailability of protein and minerals 
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through phytate hydrolysis in the digestive tract or during the process of 

making feed [39, 40]. Other studies have reported that the addition of 

phytase in broiler feed improve the bioavailability of amino acids, arginine, 

and other minerals [41]. In another study, the effect of phytase treatment 

on ileal digestibility of amino acids was found to have a significant impact 

on wheat-based feed. Individually, phytase increases the digestibility of 

ileum arginine, histidine, isoleucine, leucine, lysine, methionine, 

phenylalanine, threonine, aspartic acid, glutamic acid, glycine, proline, and 

serine from 2.5% to 12.8% [34]. 

Phytase is obtained from various sources, presently, many have been 

collected from plants, fungi, bacteria, and the rumen of ruminant animals 

[11]. Bacteria as a source of enzymes, have more value compared to those 

isolated from animals and plants. Among others, because bacterial cells are 

relatively more comfortable and faster to grow, their scale of cell 

production is more accessible for more excellent yield through the 

regulation of growth conditions and genetic engineering. Besides, the 

conditions observed during their production are not limited by the change 

of seasons, as well as a more uniform quality [19, 42]. By this fact, it is 

critical to focus on phytase-producing bacteria in the search for an 

excellent source of enzymes. This is related to variations in the 

characteristics of an enzyme produced by a different source, such as 

substrate specificity, catalytic efficiency, as well as other physiological 

properties. Presently, some enzyme from a strain of bacteria has been 

isolated, cloned, or expressed as phytase from microbes, namely 

Escherichia coli, Bacillus sp., B. amyloliquefaciens, B. licheniformis, B. 

coagulans, B. stearothermophillus, Geobacillus, Lactobacillus amylovorus, 

Burkholderia, Enterobacter cloacae, E. ludwigii, Pantoea stewartii, 

Selenomonas ruminantium, Klebsiella pneumonia, K. oxitoca, K. 

aerogenes, and K. terrigena [19, 20, 35, 43, 44-47]. 
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2. METHODS 

 

2.1. Isolation, Screening, and Characterization of Phytase-

Producing Endophytic Bacteria from Maize Plants 

 

In order to obtain and determine the characteristics of maize plant 

endophytic bacteria which produces phytase. The process begins with the 

isolation of bacteria from the maize plant organ including aseptic 

preparation of root, stem, and seed samples. The bacterial selection was 

based on isolates that had the highest phytatic index (PI), on selective 

media for phytase from each of the four maize plant organs. The selected 

isolates showed the highest ability to hydrolyse phytate based on PI, 

namely the ratio between the diameter of the clear zone around the 

growing colony [48-53]. The isolates were then characterized based on cell 

and colony morphology, as well as Gram characteristics before 

identification using a molecular approach.  

 

2.1.1. Media Preparation 

The media used consists of isolation, selective, and phytase production 

media. The isolation medium used was Luria Bertani with a composition 

per litre: 10 g peptone, 5 g yeast extract, and 10 g NaCl. The selective 

medium used was Phytase Selective Media (PSM) with a composition per 

litre: 15 g glucose, 5 g (NH4) 2SO4, 0.1 g NaCl, 0.5 g KCl, 0.01 g FeSO, 

0.1 g MgSO4 .7H2O, 0.1 g CaCl2.2H2O, 0.01 g MnSO4, and 4 g of Na-

Phytate. The phytase production media used was Phytase Production 

Media (PPM) with ingredients per litre: 15 g glucose, 5 g Na-phytate, 5 g 

NH4SO4, 0.5 g KCl, 0.5 g MgSO4.7H2O, 0.1 g NaCl, 0.01 g 

CaCl2.2H2O, 0.01 g FeSO4.7H2O, and 0.01 g MnSO4.H2O. This process 

was carried out by dissolving all the materials that have been weighed 

carefully in 1000 mL of sterile distilled water in a beaker glass, then 

homogenized using a hot plate magnetic stirrer until all the ingredients 

dissolve, and adjusting the pH of the media, namely pH 6. Then 

sterilization was carried out by autoclaving at 121oC for 15 mins at of 2 

atm. 
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2.1.2. Sample Preparation 

The samples used were four organs from a 110-day old maize 

specimen consisting of roots, stems, leaves, and seeds. Each organ was 

separated, then cleaned with running water, and cut into small pieces. The 

surface was sterilized by immersing in sodium hypochlorite for 2 mins, 

70% ethanol for 2 mins, and 96% ethanol for 2 mins. Each sample was 

rinsed with sterile distilled water twice, then crushed aseptically using a 

mortal and pastle. 

 

2.1.3. Isolation of Endophytic Bacteria from Maize Plants 

This began with 10 g of samples from each prepared organ cultivated 

on 90 mL LB medium. As a control for the sterility of the sample surface, 

distilled water was also cultivated. When the media did not show any 

bacterial growth, it was ascertained that the species obtained were 

endophytic. The liquid culture was then incubated on a shaker incubator 

for 1 x 24 hours at a speed of 100 rpm (rotation per minute). The culture 

was serially diluted up to 10-8 dilution to avoid too dense growth on agar 

plate culture. The dilution of 10-6, 10-7, and 10-8 were inoculated on solid 

LB media with dispersive method, then incubated at 28ºC for 1 x 24 hours. 

Colonies that grew and manifested diverse characteristics indicated 

different bacteria. The various colonies are then purified by scratching on 

the same media to obtain a type of bacteria that does not mix with other 

species/strains. Purification was carried out by taking one loop of separate 

bacterial colonies, and scratching on the media for a new sterile similar 

plate to be incubated at 28ºC for 1 x 24 hours. From the growing colonies, 

re-scratching was carried out on a new solid medium to obtain genuinely 

pure isolates which were marked as single colonies formed at the end of 

the streak. The pure isolates were stored in the medium in slant storage at 

4oC. 

 

2.1.4. Screening for Phytase-Producing Endophytic Bacteria 

Each isolate was inoculated from the culture stock into the selective 

media for phytase-producing bacteria, namely agar plate PSM using a 

bottle and simultaneously incubated at 28ºC for 1 x 24 hours. Bacterial 
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isolates that produce phytase showed a clear zone around their colonies. 

The isolates with the highest PI (as superior isolates) were selected and 

stored at 4oC for subsequent purposes. 

 

2.1.5. Characterization of Bacterial Isolates 

Isolates with the highest phytatic index were characterized by 

macroscopic, microscopic, and Gram characteristic observations. The 

macroscopic observations include remarks of size, pigmentation, shape, 

elevation, surface, and colony margins. The microscopic observations were 

carried out using Gram staining to observe the shape of cells and 

characteristics of the isolates. 

 

 

2.2. Identification of Phytase-Producing Maize  

Plant Endophytic Bacteria Using a Molecular Approach 

 

Identification of selected maize plant endophytic bacterial isolates that 

produces phytase was carried out to the species level using a molecular 

approach. This method was a validation of phenotypic identification that 

had been carried out based on the morphological, physiological, and 

biochemical characteristics of the selected isolates. This is necessary and 

gives many similarities in the biochemical and physiological properties 

possessed by different bacteria. The selected isolates were identified 

molecularly by analysis of the 16s rRNA gene [54]. The stages of 

identification of phytase-producing Maize plant endophytic bacteria using 

a molecular approach were as follows: 

 

2.2.1. Rejuvenation of Phytase Enzyme-Producing Endophytic 

Bacterial Isolates 

A pure culture collection of selected endophytic bacterial isolates was 

purified up to eleven times on Luria Bertani media by repeating streaking 

and incubating for 1 x 24 hours at 28oC. The cultures that grew in the final 

purification were prepared as stock on Luria Bertani media to be slanted 

for the DNA extraction stage. 
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2.2.2. DNA Extraction 

 

2.2.1.1. Sample Preparation 

One loop of the bacterial sample was placed in a sterile 1.5 mL 

microcentrifuge tube containing 200 µL Gram (+) buffer, which had been 

added with lysozyme. Then homogenize by pipetting and incubated at 28° 

C for 30 mins. The tube was vortexed, then added with 20 µL proteinase K 

and 200 µL Gram (-) buffer, vortexed and incubated again at 60° C for 10 

mins. At every 3 mins the tube was turned back and forth to maintain 

homogeneity. 

 

2.2.1.2. Cell Lysis 

First, 200 µL of BG (Buffer Geneaid) was added to the sample then 

vortexed and incubated again at 50° C for 10 mins, then turning the tube at 

every 3 mins. 

 

2.2.1.3. DNA Binding 

Add 200 µL of absolute ethanol 96% and vortex for 10 seconds. The 

whole mixture was transferred to a spin column in a collection tube then 

centrifuged at a speed of 13,100 rpm for 2 mins. The collection tube under 

the spin column was discarded and replaced with new. 

 

2.2.1.4. Washing 

First, 400 µL W1 buffer (Geneaid) was added, then centrifuged at 

13,100 rpm for 30 secs, after this, the liquid in the collection tube was 

discarded. Adding 600 µL of wash buffer and centrifuged again, also, the 

liquid in the collection tube was discarded and centrifuged again for 30 

secs, then dumped the liquid in the collection tube. The collection tube that 

was under the spin column was removed and replaced with new. Then, it 

was again centrifuged at 13,100 rpm for 3 mins until the matrix column 

was dry. 
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2.2.1.5. Elution 

100 µL of elution buffer (Geneaid) was added, and left standing for 3 

mins then centrifuged at the same speed for 1 min. The liquid containing 

DNA stored in the microcentrifuge tube was kept at 4° C to be used as a 

template in the DNA amplification process with Polymerase Chain 

Reaction (PCR). 

 

2.2.3. DNA Amplification by PCR 

The polymeration chain reaction stage is an enzymatic synthesis 

process to multiply a specific nucleotide sequence in vitro (in a PCR tube). 

The method includes three stages, namely denaturation, annealing, and 

extension. This procedure is performed on DNA samples that have been 

isolated and extracted at a previous step. This stage was conducted by 

inserting the PCR mix into the its tube. The composition of the 25 µL PCR 

mix was: 9.5 µLddh2O, 12.5 µL PCR master mix, 5 µL 63F (Forward 

primer), 5 µL 1387R (reverse primer), and 2 µL of template DNA. The 

total PCR mix was 25 µL for each sample, then entered in a PCR (DNA 

thermal cycler) machine to amplify the DNA of the bacterial isolates. The 

use of this machine began with the pre-denaturation stage at 94°C for 2 

mins, denaturation at 94°C for 1 min, annealing at 58°C for 45 secs, 

extension at 72° C for 90 secs and 30 cycles, followed by a final extension 

at 72° C for 5 mins, and the last was held at 4°C. 

 

2.2.4. Electrophoresis 

The electrophoresis process began with the manufacture of agarose gel, 

which was carried out by dissolving 2 g of agarose (2%) in 100 mL 10 X 

Tris borate EDTA. Then heat it to a boil and dissolve using a hot plate and 

stirrer. Then added with 1 mL ethidium bromide (0.2 mg/mL) and placed 

into the printer gel that has been fitted with a comb. After the agarose 

solidified, it was placed into an electrophoresis tank containing 0.5% TBE 

solution. A total of 5 µL of the amplified DNA sample was added, and to 

determine the size of the PCR amplification product, a 100 bp marker was 

inserted in the first well, followed by the amplified DNA sample in the 

second well and so on. As a ballast, 2 µL of loading dye was added for 
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each DNA amplified sample, then homogenized by pipetting. Furthermore, 

the electrode was connected to the power supply then turn it on for 60 mins 

with 100 volts. After that, the electrophoresis tool was turned off, and the 

gel was taken and transferred into a gel doc tool, then the results was read 

on a computer.  

 

2.2.5. Sequencing 

The PCR processed samples and the 63F primers were sent to 1st 

BASE Malaysia for sequencing. The result was nucleotide sequences ± 

1300 bp long. And were analyzed using the Basic Local Alignment Search 

Tool (BLAST) programme from the National Center for Biotechnology 

Information (NCBI) on the website (https//www.ncbi.nlm.nih.gov), to 

match the species data in the gene bank. The identities used were in the 80-

100% range. Most similar Gene Bank sequences were characterized by the 

same Max and Total Score, Query Coverage close to 100%, E-value close 

to 0, and Max Ident close to 100%. To determine the level of kinship 

between species, the sequence alignment was carried out using the Clustal 

W. programme, then the construction of phylogenetic trees using the 

neighbour-joining method and the Molecular Evolutionary Genetics 

Analysis (MEGA) 5 programme.  

 

 

2.3. Production and Optimization of Phytase Activity  

of Endophytic Bacteria from Maize Plants 

 

This stage aims to obtain phytase from selected endophytic bacteria, 

and to determine the optimum temperature and pH of the resulting phytase 

activity. The mechanism of bacterial phytase production was carried out by 

adopting the [55, 65] following method. 

 

2.3.1. The Decision of the Growth Curve of Bacteria Selected 

Growth standard curves were made by measuring the Optical Density 

(OD) value of the selected isolate cultures on the production media at each 

period. A total of three loops from each pure culture of the selected 
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bacterial isolates were inoculated in 50 ml of media. The suspended 

bacterial isolates were incubated in a shaker incubator at room temperature 

with 200 rpm agitation. The OD values were measured every 2 hours with 

a spectrophotometer at a wavelength () of 600 nm to obtain a series OD 

using the turbidimetric method. The growth curve was the relationship 

between the OD value and the incubation time. 

 

2.3.2. Production of Crude Phytases 

Phytase production began with making a starter by inoculating three 

loops of pure culture isolate, from the medium to slant into 50 mL PPM 

medium, then incubated at room temperature with 100 rpm agitation until 

the bacteria reached the logarithmic phase, and stored as a starter during 

phytase production. Then 5 mL of the starter culture suspension was 

inoculated into 1000 mL of new PPM medium, and divided into four 

portions of 250 mL each, then incubated at 37oC for 1 x 24 hours with a 

shaker incubator at 100 rpm. The culture of bacterial cells on the 

production medium, which has been incubated produced metabolites, and 

was centrifuged at 5000 rpm for 35 mins at 4oC. The supernatant was 

obtained, and a crude phytase was separated from the precipitates, then 

prepared for its activity measurement.  

 

2.3.3. Determine Crude Phytase Activity 

 

2.3.3.1. Preparation of Molybdate-Vanadate Reagent 

Preparation of molybdate-vanadate reagentwas carried out by mixing 

ammonium heptamolybdate solution (20 g/400 mL) and ammonium 

monovanadate solution (1 g/300 mL) into 140 mL concentrated HNO3, 

then diluting to one litre.  

 

2.3.3.2. Preparation of Standard Phosphate Solution 

Preparation of standard phosphate solution was carried out by 

dissolving 0.3834 g KH2PO4 in 100 ml of distilled water, then diluted 100 

times, fot each millilitre of a solution containing 0.03834 mg KH2PO4.  
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The standard series were created by taking 0, 0.25, 0.50, 0.75, 1.00, 

2.00, 3.00, and 4.00 mL of the solution. Then each was added with 6.25 

mL of molybdate vanadate, left to stand for 10 mins, diluted with distilled 

water to 25 mL, and a series of standard phosphate solutions were 

obtained. 

 

2.3.3.3. Measurement of Phytase Activity 

First, 0.15 mL of crude phytase was incubated with a substrate 

containing 2 mL of Na-Phytate, 2 mL of CaCl2, and 0.6 mL of 0.1 M Tris-

HCl buffer solution pH 7, at room temperature for ± 30 mins. After this, 

the reaction was stopped by adding 0.75 mL of 5% TCA, and 1.5 mL of 

the molybdate-vanadate reagent. Then the absorbance was measured using 

a UV-Vis spectrophotometer at a wavelength of 700 nm. The absorbance 

value obtained was analyzed with the amount of phosphate content  

(PO43-) formed (Unit/ml) in the crude extract solution of the enzyme using 

the linear regression equation, from the standard phosphate curve. One 

specific unit of enzyme phytase (FTU) is defined as the amount of enzyme 

that catalyzes the formation of 1 µmol of inorganic phosphate per minute 

under test conditions. 

 

2.3.4. Optimation of Temperature and pH of Maize Plant Endophytic 

Phytase Activity 

The optimization of the activity of each phytase produced by the four 

endophytic bacteria was carried out by measuring their activity at exposure 

to temperature combined with pH treatment. The extracellular phytase was 

incubated in Na-acetate buffer with temperature variations of 20, 30, 40, 

50, and 60oC at various pH (2, 3, 4, 5, 6 and 7) for 10 mins. The optimum 

activity was indicated by the number of enzymes that catalyze the 

formation of 1 µmol of inorganic phosphate at the combination of pH and 

temperature tested. 
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2.4. In Vitro Hydrolysis of Phytate in Feed by Phytase from 

Endophytic Bacteria of the Maize Plant 

 

This stage aims to determine the effectiveness and optimum dose of 

endophytic bacteria phytase from plant Maize in hydrolyzing feed phytate. 

This stage used phytases that have been produced and optimized in the 

previous step. The phytate in feeds without and with the phytase 

administration at various levels were measured using modified methods 

(Buddrick et al. 2014) and (Ishiguro et al. 2003). 

 

2.4.1. Provision of Phytase in Feed 

The feed of 0.5 g sterile was placed in Erlenmeyer then added with 50 

mL of distilled water. Several phytases (an appropriate level of treatment) 

were incubated with an incubator shaker at 100 rpm for 3 hours at 40°C, 

and filtered with filter paper, then the analysis of phytate levels was carried 

out. The experimental design used was a completely randomized model 

with six treatments and four replications with the following details: T0 = 

feed + distilled water; T1 = feed + distilled water + 500 FTU phytase, T2 = 

feed + distilled water + 750 FTU phytase, T3 = feed + distilled water + 

1000 FTU phytase, T4 = feed + distilled water + 1250 FTU phytase, and 

T5 = feed + distilled water + 1500 FTU phytase. 

 

2.4.2. Preparation of Ca-Phytate Standard Curve 

Five test tubes each inserted with 0.0, 0.1, 0.2, 0.3, 0.4, and 0.5 mL of 

1.1 mM Ca-phytate solution. Then distilled water was added for all the 

tubes to have a volume of 0.5 mL. Furthermore, the solution was prepared 

for absorbance measurement at  = 465 nm, using 1 mL of 12H2O FeNH4 

(SO4) and 0.9 mL of 0.5 M HNO3 in each tube, covered with aluminium 

foil, and immersed in boiling water for 20 mins. After cooling to room 

temperature, the solution was added with 5 mL of C5H11OH and 0.1 mL of 

NH4SCN. Then homogenized by shaking the tube slowly. Exactly 15 mins 

after the addition of the NH4SCN solution into the test tube, it was 

measured for absorbance by a spectrophotometer at = 465 nm. And Amyl 

alcohol was used as a blank solution. The data were then used to create a 
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Ca-phytate standard curve showing the relationship between the amount 

and the absorbance of phytate. The equation obtained was used to calculate 

the amount of phytate in the solution. The linear regression equation used 

was as follows: Y = a + bx (Y = absorbance of the phytate solution, x = the 

number of phytates in each phytate solution).  

 

2.4.3. Extraction and Measurement of Phytate Levels 

The feed filtrate suspension + phytase was added to 50 mL of 0.5 M 

HNO3, and incubated for 3 hours on a shaker incubator at room 

temperature, then filtered and the phytate content in the obtained filtrate 

was analyzed. A total of 0.05 mL of filtrate was inserted into the test tube, 

and preparation was made for absorbance measurements at  = 465 nm, as 

in the Ca-phytate standard curve. The phytate content in the dry test 

material was calculated by substituting the absorbance value obtained by 

the equation of the Ca-phytate standard curve. 

 

 

3. RESULTS AND DISCUSSION  

 

3.1. Isolation, Screening, and Characterization of Phytase-

Producing Endophytic Bacteria from Maize Plants 

 

Isolation of endophytic bacteria from Zea mays L. was carried out 

using liquid and solid Luria Bertani media. Cultivation using the liquid 

culture method as an initiation medium was carried out using a dilution 

technique. The growing liquid culture was then inoculated on the agar plate 

LB medium with the pour plate method to grow bacteria from the culture 

as colonies. All the colonies of growing isolates were differentiated based 

on their appearance. However, it was not yet sure whether the isolates 

obtained were of the same or different species. The colonies of different 

isolates were then purified on the same media to obtain the types of 

bacteria that did not mix with other species/strains.  
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Purification was conducted by sampling a separate loop of bacterial 

colonies, and scratched on a similar solid medium which was then 

incubated under the same conditions. From the growing colonies, re-

scratching was carried out on the new solid medium up to eleven times, in 

order to obtain genuinely pure isolates. A total of 28 isolates of endophytic 

bacteria were obtained from the roots, stems, leaves, and seeds of the 

Maize plant. The obtained isolates were screened using cultivation and 

selective media for phytase-producing bacteria, namely PSM by being 

spotted on agar plates simultaneously. The addition of 0.4% Na-phytate to 

the PSM, which was initially clear and yellowish, caused the media to 

become cloudy and milky white. The bacteria that produces good phytase 

showed a clear zone around the isolated colony, and this is an indication of 

the enzymatic reaction of phytate hydrolysis contained in the media. 

Therefore, the wider the clear zone formed the higher the phytase quantity. 

 

 

Figure 1. Phytatic index (PI) of endophytic bacterial isolates from the maize plant: (a) 

Isolate from roots (HF.7) with PI value of 1.38, (b) Isolate from the stem (HF.8) with 

PI value of 1.31, (c) Isolate from seeds (HF.18) with PI value of 1.36, (b) Isolate from 

the leaf (HF.28) with PI value of 1.23. 
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All cultivated isolates showed growth on selective medium, and 11 of 

them indicated the ability to produce good phytase with a Phytatic index 

(PI) of more than a value of one. The Isolates that grow and form clear 

zones on the screening medium are phytase-producing bacteria. These 

bacteria have a phytase gene that was successfully expressed in culture 

through phytase induction, which depends on two conditions, namely the 

availability of phytate and the absence of phosphate in the media [57]. 

 

Table 1. Characteristics of the colony, cell, Gram,  

and biochemical activity of phytase-producing endophytic  

bacterial isolates from the maize plant 

 

Morphological characteristics of isolate colonies 

  HF.7 HF.8 HF.16 HF.28 

Colour yellowish-white white white yellowish-white 

Size moderate moderate moderate moderate 

Shape irregular  circular irregular irregular 

Elevation raised raised raised raised 

Edge serrate serrate undulate undulate 

Surface rough rough rough rough 

Cell shape and Gram nature of isolate 

Cell shape basil basil coccus basil 

Gram nature negative negative negative negative 

Biochemical assay results of isolates 

TSIA - + + + 

H2S -     - 

Motility - + + - 

Catalase + + + + 

Indol - - - - 

Methyl-Red - + - - 

Voger-Proskauer - + + + 

Citrate + + + + 

Urease - - + + 

Lactose - + + + 

Mannitol + + + + 

Glucose + + + + 
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The characteristics of the selected isolates, as shown in Table 2, were 

known through macroscopic and microscopic observations. The 

macroscopic observations include remarks of size, pigmentation, shape, 

elevation, surface, and colony margins. The microscopic observations 

include cell shape and Gram's nature. The results of Gram staining of the 

four selected phytase-producing endophytic bacteria showed Gram-

negative characteristics. 

The differences in bacterial Gram nature occurred as a result of 

variation in binding capacity and the dyeing process. This was caused by 

differences in the structure of the cell wall between Gram-positive and 

negative bacteria. Gram-positive have a thicker peptidoglycan layer than 

the negative bacteria, therefore, the colour of Crystal violet adheres firmly 

to it [58]. 

 

 

3.2. Identification of Phytase-Producing Maize Plant  

Endophytic Bacteria Using a Molecular Approach 

 

Information on the morphological characteristics of the four isolates 

were different from each other, and became the basis for the identification 

of a different species. The identification of selected endophytic bacteria 

was carried out using a molecular approach through analysis of the 16s 

rRNA gene. The 16s rRNA gene is present in the 30s ribosome subunit and 

found in all prokaryotes. It has a relatively large number of nucleotides, 

while some bases are sustainable and arranged as a universal primer to 

amplify an organism's 16s rRNA gene. The four bacterial isolates were 

determined using universal primers, namely forward 63F and reverse 

1387R, for the 16S-rRNA sequence. 

The 16s rRNA gene analysis for the identification of microorganisms 

using a molecular approach consists of four main processes, namely the 

extraction/isolation of DNA, PCR, electrophoresis, and sequencing. DNA 

extraction is the process of separating it from other cell components in 

order to obtain a pure isolate. The next stage was the amplification process 
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using PCR, which aims to multiply a DNA band in vitro. In the process, 

there was a chain reaction, namely denaturation, annealing, and elongation. 

The PCR process was carried out in 35 cycles for ± 2 hours. The forward 

primers initiated the synthesis of DNA strands from the 5 '-------- 3' end, 

while the Reverse initiated the synthesis of DNA strands from the 3 '-------- 

5' end. The function of the template DNA in the PCR process was a 

template for the formation of the same new DNA molecule. The 

chromosomal DNA profiles that have been isolated and multiplied by PCR 

were analyzed using 1% agarose electrophoresis. The electropherogram 

from the electrophoresis of the chromosomal DNA of the four isolates 

(Figure 2), showed the presence of a single thick band produced by each 

chromosomal DNA of the isolates. From the electrophoresis, results were 

obtained in the extended base pair (bp), each sample with the help of 

markers.  

 

 

Figure 2. The electrophoregram of the 16S-rRNA gene amplification product of the 

selected isolates: HF.7 = ± 1000 bp, HF.8 = ± 900 bp, HF.16 = ± 1000 bp, and HF.  

28 = ± 900 bp. 

The basic principle of electrophoresis technique is the separation of 

charged components or DNA molecules in an electric field. The DNA 

molecule is separated based on the rate of migration by the electromotive 

force in the gel matrix. The DNA molecule sample is placed in a well on a 

gel that is placed in a buffer solution (TBE), then an electric current flow. 
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The DNA molecule move in the gel matrix towards one of the electric 

poles according to the charge of the DNA molecule. The direction of the 

DNA molecules movement toward the positive electrode, was due to the 

negative charge on the framework of its sugar-phosphate. In order to keep 

the rate of movement of the DNA molecule strictly based on size, the 

substance sodium hydroxide is used to keep the DNA straight [54]. 

After the electrophoresis process, staining was carried out for the 

separated sample molecules to be clearly observed using ethidium 

bromide. And the sample molecules glowed in ultraviolet light. The bands 

in the different stripes of the gel appeared after the dyeing process, 

representing each lane in the movement direction of the sample from the 

gel "well". The bands that were equidistant from the gel well at the end of 

the electrophoresis, contain molecules that moved in the gel during the 

process at the same speed, meaning that the molecules have the same size. 

Markers which are molecular mixtures of different sizes were use to 

determine the size of the molecules in the sample band by electrophoresis, 

and the markers on the strips in the gel were parallel to the sample. 

The bands in the visible marking strip were compared with the sample 

bands to determine their size. The distance of the band from the gel well 

was inversely proportional to the logarithm of the molecular size. Based on 

the results of electrophoresis, DNA isolates of HF.8 and HF.28 showed 

bands that were perforated and parallel to the markers around ± 900 bp. 

This indicated that the amplified gene fragment was ± 900 bp in size. The 

DNA isolates of HF.7 and HF.16 showed separated and parallel bands with 

markers of around ± 1,000 bp, indicating that the amplified gene fragments 

were ± 1,000 bp in size. 

The 16S-rRNA gene of PCR products was sequenced in the 1st BASE 

INT Malaysia sequencing. The cluster analysis on sequences was carried 

out with the online BLAST program from NCBI. The results of the PCR 

product sequencing of each isolate were intact DNA nucleotide base 

sequences. Based on the BLAST analysis, the results of the homology of 

the four selected isolates were as shown in Tables 2, 3, 4, and 5. 
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Table 2. Homology of nucleotide base sequences of HF.7 isolates 

 

Description Total score % of Identities 

Burkholderia lata strain 383  

Burkholderia contaminans strain J2956 

Burkholderia cepacia strain 717  

Burkholderia latens strain R-5630  

Burkholderia territorii strain LMG 28158 

Burkholderia metallica strain R-16017 

Burkholderia arboris strain R-24201 

Burkholderia cepacia strain ATCC 25416  

Burkholderia vietnamiensis strain TVV75 

Burkholderia cenocepacia strain LMG 16656  

1493 

1493 

1493 

1487 

1485 

1482 

1482 

1482 

1482 

1480 

99% 

99% 

99% 

99% 

99% 

99% 

99% 

99% 

99% 

99% 

 

Table 3. Homology of nucleotide base sequences of HF.8 isolates 

 

Description Total score % of Identities 

Enterobacter cloacae subsp. strain ATCC 2373 

Enterobacter cloacae strain DSM 30054 

Enterobacter cloacae strain NBRC 13535 

Enterobacter cloacae strain 279-56 

Enterobacter cloacae subsp. strain LMG 2683 

Enterobacter ludwigii strain EN-119 

Pantoea agglomerans strain JCM1236 

Enterobacter cloacae subsp. strain LMG 2683 

Enterobacter cloacae strain ATCC 13047 

Enterobacter kobei strain JCM 8580  

1593 

1580 

1580 

1580 

1576 

1572 

1572 

1570 

1559 

1557 

99% 

99% 

99% 

99% 

99% 

99% 

99% 

99% 

98% 

98% 

 

Table 4. Homology of nucleotide base sequences of HF.16 isolates 

 

Description Total score % of Identities 

Enterobacter ludwigii strain EN-119 

Enterobacter cloacae subsp. strain ATCC 

Enterobacter cloacae subsp. strain LMG 

Enterobacter kobei strain CIP 105566 

Enterobacter cloacae strain DSM 30054 

Enterobacter cloacae strain NBRC 13535 

Enterobacter kobei strain JCM 8580 

Enterobacter cloacae strain 279-56 

Leclercia adecarboxylata strain NBRC 

Pantoea agglomerans strain JCM1236 

1455 

1435 

1430 

1428 

1424 

1421 

1421 

1421 

1421 

1419 

98% 

98% 

98% 

98% 

98% 

98% 

98% 

98% 

98% 

98% 
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Table 5. Homology of nucleotide base sequences of HF.28 isolates 

 

Description Total score % of Identities 

Pantoea stewartii subsp. indologenes strain CIP 

Pantoea stewartii strain LMG 2715 

Pantoea stewartii strain ATCC 8199 

Pantoea stewartii strain LMG 

Pantoea allii strain BD 390 

Pantoea ananatis strain 1846 

Raoultella electrica strain 1GB  

Pantoea ananatis strain LMG 2665  

Pantoea anthophila strain LMG 2558  

Raoultella ornithinolytica strain ATCC 31898 

2069 

2050 

2050 

2023 

1971 

1960 

1954 

1949 

1943 

1943 

97% 

97% 

97% 

96% 

95% 

95% 

95% 

95% 

95% 

95% 

 

The results of microorganism homology obtained from the BLAST 

analysis provided the highest similarity information to the nucleotide 

sequences of the isolates, these results were confirmed by the DNA 

sequences of microorganisms from around the world that were deposited in 

the NCBI GenBank database. The important information from the BLAST 

results was in the form of a total score and the percentage of identities. The 

total score was the sum of the alignments of all segments of the database 

sequence that matched the nucleotide sequence. This value indicated the 

accuracy of the sequence value in the form of an unknown nucleotide with 

those contained in the GenBank. The higher the score obtained, the higher 

the homology level of the two sequences. The Identities obtained had the 

highest value between the query and the aligned database sequence [59, 

60]. 

The analysis of the DNA sequences' similarities of the four selected 

isolates with those contained in the GenBank showed that, endophytic 

bacterial isolates from Maize root with code HF.7 have up to 99% 

similarity with ten species from the genus Burkholderia listed in the NCBI 

database. Based on the highest score, three isolates showed the same value, 

namely 1493. This indicated that the endophytic bacteria with code HF.7 

have genetic similarities with the species of Burkholderia lata, B. 

contaminans, and B. cepacia. Specifically, it was uncertain that HF.7 

isolate is either a specie of the three genera, therefore, endophytic bacterial 
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isolate, which was obtained from Maize root with code HF.7, was 

designated as Burkholderia sp. strain HF.7. The endophytic bacterial 

isolate from the stem, coded HF.8 has 99% similarity with Enterobacter 

cloacae subsp. strain ATCC 2373. Those isolated from leaves coded HF.16 

has 98% similarity with Enterobacter ludwigii strain EN-119, and 

endophytic bacterial isolates from seeds with code HF.28, has 97% 

similarity with Pantoea stewartii subsp. indologenes strain CIP. 

Meanwhile, the exploration of the ability of the genus Burkholderia, 

Enterobacter cloacae, E. ludwigii, and Pantoea stewartii in producing 

phytase is still minimal. However, several reported bacterial species are 

closely related to these isolates, for example, Burkholderia sp. strain a13 

and Pantoea agglomerans. The ability of bacteria to produce phytase is 

primarily determined by phytase induction which depends on two 

conditions, namely the availability of the substrate (Na-Phytat or Ca-

phytate) and the absence of inorganic phosphate in the media because 

phytase is an inductive enzyme [57]. 

 

3.2.1. Burkholderia sp. 

Burkholderia genus is widespread in various ecological environment, 

however, it is commonly found in soil and shows the interaction of non-

pathogenic to crops. It is also able to dissolve minerals in the soil by 

producing organic acids, as well as increasing the availability of nutrients 

for plants, making it very promising to be used in the field of 

biotechnology. Burkholderia is a genus of endophytic bacteria that is often 

found in rice, maize, and sugarcane and is capable of producing bioactive 

compounds, one of which is used as an antimicrobial compound [61-63]. 

As a general characteristic of Burkholderia, the endophytic bacterial isolate 

HF.7 is a Gram-negative, rod-shaped, non-motile, and aerobic. Their 

bacteria colony is moist and has yellow pigment, and grow well at of 30ºC-

37ºC. The taxonomy of the Burkholderia is as follows: 

 

Domain:  Bacteria 

Phylum:  Proteobacteria 

Class:  Beta Proteobacteria 
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Order:  Burkholderiales 

Family:  Burkholderiaceae 

Genus:  Burkholderia sp. 

 

Other biochemical properties of HF.7 isolates are the ability to 

assimilate mannitol, glucose, and citrate, without urease and tryptone 

activity. This resembles the physiological characteristics of one of the 

Burkholderia species, namely B. lata [64]. These bacteria have catalase 

and lysine decarboxylase activity, without tryptophanase, arginine, 

dihydrolase, or urease activity in their metabolism. Several strains of 

Burkholderia lata assimilate D-glucose, D-mannose, D-mannitol, N-

acetylglucosamine, D-Burkholderiagluconate, L-malate, and citrate. At the 

same time, the assimilation of maltose, L-arabinose, and phenylacetate 

depends on the strain of Burkholderia lata [64]. 

From previous reports, the genus Burkholderia bacteria is capable of 

associating with rhizosphere plants and contribute to plant growth, by 

freeing phosphate from the soil organic compounds, such as phytate [61]. 

Although bacterial strains of the genus Burkholderia have not been widely 

reported to integrate phytate, there have been reports of the characteristics 

of phytase produced by Burkholderia sp. strain a13. Phytase produced by 

this strain showed a specific activity of 4.1 U/mg. The optimum conditions 

of the temperature and pH for Burkholderia sp. strain a13 in producing 

phytase are 45-55ºC, pH 4.5 and the product is stable up to 4ºC [61, 65, 

66]. 

 

3.2.2. Enterobacter Cloacae 

Enterobacter cloacae belongs to the Enterobacteriaceae group with 

Gram-negative characteristics in the form of bacilli. According to [67], the 

bacteria Enterobacter sp. produces phytase. However, there have been no 

report on the species of Enterobacter cloacae producing phytase. The 

taxonomy of the Enterobacter cloacae bacteria is as follows: 

 

Domain:  Bacteria 

Phylum:  Proteobacteria 
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Class:  Gammaproteobacteria 

Order:  Enterobacteriales 

Family:  Enterobacteriaceae 

Genus:  Enterobacter 

Species:  Enterobacter cloacae  

 

Several studies reported that the endophytic bacteria Enterobacter 

cloacae were shown to increase nitrogen fixation in rice plants. In addition 

to producing IAA hormone and having the ability to increase nitrogen 

fixation, they also produce the enzyme L-Histidine Decarboxylase (HDC) 

[67, 68]. 

 

3.2.3. Enterobacter Ludwigii 

Enterobacter ludwigii is an endophytic bacterium that is included in 

the general characteristics of the genus enterobacter. It is a Gram-negative 

bacterium, bacillus, motile, and able to ferment. The taxonomy of the 

Enterobacter ludwigii bacteria is as follows:  

 

Domain:  Bacteria 

Phylum:  Proteobacteria 

Class:  Gammaproteobacteria 

Order:  Enterobacteriales 

Family:  Enterobacteriaceae 

Genus:  Enterobacter 

Species:  Enterobacter ludwigii 

 

It was previously shown that the bacteria Enterobacter sp. produce 

phytase. However, studies reporting that Enterobacter ludwigii species 

produce phytase have not been found. Only a few reported on the potential 

of the bacteria Enterobacter ludwigii [69-71]. Several studies have 

reported the abilities possessed by Enterobacter ludwigii, including having 

activity as Plant Growth Promoting Bacteria (PGPB). Those isolated from 

the rhizosphere of Lolium perenne L. grass showed phosphate solvent 

activity, nitrogen-fixing, and producing growth hormone IAA [72, 73]. 
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3.2.4. Pantoea Stewartii 

Pantoea stewartii is a gram-negative bacterium and non-motile. There 

is a genus of Pantoea which is pathogenic to plants, while some are 

beneficial (in association). Species from Pantoea stewartii sp indologenes 

are associated with sorghum grass. The classification of the Pantoea 

stewartii bacteria is as follows: 

 

Domain:  Bacteria 

Phylum:  Proteobacteria 

Class:  Gammaproteobacteria 

Order:  Enterobacteriales 

Family:  Enterobacteriaceae 

Genus:  Enterobacter 

Species:  Pantoea stewartii 

 

Several species of the genus Pantoea are reported to produce phytase, 

including Pantoea agglomerans [74], which has been shown to reduce 

phytate content in feed using the phytase it produced [75, 76]. [77]. Also, 

previous research reported that this specie was successfully isolated from 

the soil of the Republic of Tatarstan, Russia, based on the high activity of 

phytate decomposers which stores 99% 16S rRNA nucleotide sequence 

similar to the Pantoea sp. Moreover, [53] the ability of Pantoea stewartii 

ASUIA271 to produce phytase was explored, which was triggered by the 

high organic phytate content in rice husks at various experimental 

temperatures.  

 

 

3.3. Production and optimIzation of Phytase Activity  

of Endophytic Bacteria from Maize Plants 

 

3.3.1. Phytase Crude Extract Production 

Phytase production began with the determination of the growth curves 

of the four selected endophytic bacterial isolates. It was crucial to observe 

the growth/survival pattern of bacteria for the optimum phase of the 
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highest phytase activity to be found in each of these isolates. The growth 

curves of the four selected endophytic bacterial isolates were shown in 

Figure 8. The growth curve is the relationship between the Optical Density 

(OD) value and the incubation time. OD values were measured every 2 

hours with a spectrophotometer at a wavelength () of 600 nm, to obtain a 

series OD using the turbidimetric method. 

 

 

Figure 3. Growth curve of endophytic bacterial isolates from Zea mays L. (a) 

Burkholderia sp. strain HF.7, (b) Pantoea stewartii strain HF.8, (c) Enterobacter 

ludwigii strain HF.16, (d) Enterobacter cloacae strain HF. 28. 

In general, enzymes are produced during bacterial growth. They reach 

their highest activity at the end of the exponential or log phase. in the 

previous stage, namely the adaptation (lag phase), the individual bacteria 

growing into adults do not undergo cell division, however, adapt to the 

growth environment. The growth curve (Figure 3) showed that the log 

phases of the four bacterial isolates were achieved at 8, 12, 4, and 4 hours 

for isolates HF.7, HF.8, HF.16, and HF.28, respectively. The incubation 

time was the basis required as a starter, in order for the phytase production 

to last until the end of the log phase, and also extendable to a half of the 

stationary phase. At the end of the log phase, there was a peak increase in 

the number of cells because each active cell multiplies, while in the 

stationary stage there was no multiplication of bacterial cells [78]. 
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Based on the growth curves of the four selected isolates, phytase 

production was carried out by inoculating each of the four isolates starter 

culture as much as 5 mL into 250 mL sterile PPM media, and incubated at 

28oC for 18, 18, 16, and 20 hours for isolates HF.7, HF.8, HF.16, and 

HF.28, respectively, using an incubator shaker at a speed of 100 rpm. The 

culture was then centrifuged at 5000 rpm for 35 mins at 4oC. The 

supernatant obtained by separating the precipitate was crude phytase, then 

its activity was measured. 

 

 

Figure 4. Phytase activity of the endophytic bacterial isolate Zea mays L. (a) 

Burkholderia sp. strain HF.7, (b) Pantoea stewartii strain HF.8, (c) Enterobacter 

ludwigii Strain HF.16, (d) Enterobacter cloacae strain HF. 28. 

The activity of phytase was known by measuring the absorbance value 

of the crude phytase at a wavelength of 700 nm. Then the amount of 

phosphate content formed (FTU/mL) in the enzyme crude extract solution 

was analyzed by substituting the absorbance value using a linear regression 

equation from the phosphate standard curve [49]. One phytase unit (FTU) 

is defined as the amount of enzyme that catalyzes the formation of 1 µmol 

of phosphate per minute. The activity of the crude phytase extract 

produced by the four selected endophytic bacteria was presented in Figure 

4. 

Based on the analysis of the variance, the phytase produced by 

endophytic bacterial from Zea mays L. with code HF.7 showed the highest 

activity. Which was significantly different (P <0.01) compared to the 
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phytase produced by the three other endophytic bacteria isolates. An 

interesting observation in the endophytic bacteria was that, the best phytase 

producer was obtained from their Maize root. This was due to the phytate 

content in its root area, which triggers the emergence of phytase-producing 

endophytic bacteria, as a result of inositol phosphate, which is widely 

distributed in Maize roots.  

The phytase activity produced by the four selected endophytic 

bacterial, between 4.9-7.8 FTU/mL, showed higher value compared to 

those generated by Burkholderia sp. strain a13 (4.1 FTU/mL), Bacillus 

cereus ASUIA 260 (1.160 FTU/mL), and Bacillus subtilis AP-17 (0.0296 

FTU/mL) [57]. Similarly, the phytase produced by three Bacillus cereus 

strains isolated from the volcanic ash of Mount Merapi includes 0.1071 

FTU/mL, 0.1020 U/mL, and 0.0874 FTU/mL [79] [53]. It was also 

reported that the phytase activity of Staphylococcus lentus ASUIA 279 was 

1.913 FTU/mL. [80]. Moreover, the phytase activity of the three strains of 

Bacillus cereus, isolated from water and mud samples of the Sikidang 

Dieng crater were 0.32893 FTU/mL, 0.324953 FTU/mL, and 0.32182 

FTU/mL. 

 

3.3.2. The Optimization of Temperature and pH of Phytase Activity 

from Endophytic Bacteria of Maize Plants 

This test was conducted to determine the optimum phytase activity 

produced from the four selected maize plant endophytic bacteria at the 

same temperature and pH as well as the protease activity of the poultry 

digestive tract in vitro. The determination of the optimum temperature and 

pH was measured by observing the activity of the phytase crude extract, 

exposed to varying temperatures (30, 40, 50, 60, and 70oC) for 10 mins. 

The pH optimation test was carried out by incubating the crude extract of 

extracellular phytase in Na-acetate buffer with varying pH (2, 3, 4, 5, 6, 

and 7). 

The results of the extracellular phytase optimization with variations in 

temperature and pH produced by each isolate were shown in Figure 5. The 

phytase of Burkholderia sp. strain HF.7 showed activity in all variations in 

pH treatment. Extracellular phytase activity of Burkholderia sp. strain 
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HF.7 as observed from the treatment of pH 2, showed an increase in 

activity from pH 3 to 4, and at pH 5 to pH 6, and decreased activity at pH 7 

[81]. The changes in activity at different pHs were caused by the 

occurrence of intramolecular changes of enzymes caused by ionization to 

bind and release protons (hydrogen ions) in amino, carboxyl, and other 

functional groups. When the difference was too large, it results in the 

denaturation of the enzyme, and its activity was lost [82]. The results of 

this measurement were in line with the nature of phytase, which are 

heterologous group of enzymes, hydrolyse phosphate esters, and optimal at 

low pH. At neutral and alkaline pH, catalytic activity decreases. This is due 

to the structural instability of the enzyme protein molecules, which causes 

structural changes in these pH conditions [83, 84].  

The pH condition of the digestive tract of poultry, especially chicken, 

is 4.5 in the crop, 4.4 in the proventriculus, 2.6 in the gizzard, 5.7-6.0 in 

the duodenum, 5.8 in the jejunum, 6.3 in the ileum, 6.3 in the colon, and 

5.7 in the caeca. The extracellular phytase of the four endophytic bacteria 

of the Maize plant showed stable activity at pH 4-6 [85]. Therefore, the 

phytase produced by the endophytic bacteria of the maize plant is active in 

the digestive tract of the poultry. 

The determination of extracellular phytase activity of maize plant 

endophytic bacteria against a combination of temperature and pH 

variations as in Figure 5, showed that increasing temperature causes an 

increase in activity until it reaches the optimum point of 40oC. The rise in 

temperature decreased the phytase activity, as observed at 50oC and 

continues to decline until a temperature of 70oC. At first, with increasing 

temperature, the enzyme reaction speed increases due to the rise in kinetic 

energy, which accelerated the vibrational, translational, and rotational 

motion of the enzyme and the substrate, increasing their chance to react. 

On exposure to temperatures higher than the optimum, the protein and the 

substrate underwent a conformational change. This caused the reactive 

group to unmatch the active side, or experience obstacles in entering the 

active site of the enzyme, in order to significantly affects its catalytic 

activity [83]. 
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Figure 5. Phytase activity of maize plant endophytic bacteria at a combination of 

temperature and pH variations: (a) Burkholderia sp. strain HF.7, (b) Pantoea stewartii 

strain HF.8, (c) Enterobacter ludwigii Strain HF.16, (d) Enterobacter cloacae strain 

HF. 28. 

The optimum temperature and pH of the enzyme depends on its type 

and source. Based on the activity measurement, it was known that the 

optimum temperature and pH of phytase produced by Burkholderia sp. 

strain HF.7 and Enterobacter cloacae strain HF.28 was 40oC and pH 6. 

Pantoea stewartii strain HF.8 generated 40oC and pH 5. Enterobacter 

ludwigii Strain HF.16 produced 40oC and pH 4. Temperature variations 

and the optimum pH of phytase activity produced by other bacteria have 

also been widely reported [86], namely those obtained from B. subtillis 

(natto) N-77 were 60oC and pH 6.0-6.5, Enterobacter sp. optimum were 

pH 7.5 and 50oC. Phytase is also produced by Aspergillus niger (58oC, pH 

5.5), Schwanniomiyces castellii (7.7oC, pH 4.4), and Klebsiella aerogenes 

(45oC, pH 7.0). 
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3.4. In Vitro Hydrolysis of Phytate in Feed by Phytase from 

Endophytic Bacteria of the Maize Plant 

 

This stage aims to determine the level of feed phytate hydrolysis by 

Maize plant endophytic bacteria at various levels, in order to obtain the 

best phase for in vivo supplementation. This stage used phytase, which was 

produced and optimized in the previous step. The parameters measured 

were phytate levels in feed without and with supplementation from the 

endophytic bacteria. The measurement of phytate levels was carried out on 

sterile feed samples, added with 50 mL of distilled water and several 

phytases (according to treatment level) for 3 hours at room temperature 

and filtered. The six phytase levels were used to measure the hydrolysis in 

feed by in vitro bacteria, namely 0, 500, 750, 1000, 1250, and 1500 FTU 

[87, 88]. The effect of adding phytase at various levels in basal feed was 

presented in Figure 6. 

 

 

Figure 6. The phytate levels of the endophytic bacteria isolates hydrolysis of maize 

plants at different stages: T0 (non-phytase), T1 (500 FTU phytase), T2 (750 FTU 

phytase), T3 1000 FTU phytase, T4 (1250 FTU phytase), dan T5 (1500 FTU phytase). 

Based on the determination of phytate levels as shown in Figure 6, the 

addition of the treatment showed a decrease in feed up to 60%, as shown in 

Figure 7. The results of variance analysis showed that the addition of 

phytase had a significant effect in reducing the feed level. This indicated 
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that the phytase of Burkholderia sp. strain HF.7 added to feed with levels 

of 500, 750, 1000, 1250, and 1500 FTU/kg reduced their phytate. 

 

 

Figure 7. Percentage reduction by in vitro hydrolysis in feed by endophytic bacterial 

phytase of the maize plant. 

The addition of 500 FTU phytase was able to reduce 26.53% of 

phytate levels compared to without it. Meanwhile, the addition of 750 FTU 

phytase significantly increased the decrease in phytate levels of feed by 

70.80%. This data showed that the optimum dose of phytase produced by 

Burkholderia sp. strain HF.7 is at the level of 750 FTU. The addition of 

phytase concentrations exceeding 750 FTU showed a decrease in phytate 

levels, which was not significant. An imbalance between the substrates 

produced this result. For optimum phytate degradation, the ratio of its 

amount between the enzyme and the substrate should be balanced. 

Basically, the greater the enzyme concentration, the faster the reaction 

takes place, i.e., the enzyme concentration is directly proportional to the 

reaction speed. However, with a limited number of substrates, the 

degradation rate is lower. The phytase produced by three other endophytic 

bacteria showed that it needed higher quantities to hydrolyse phytates in 

feed, where each was able to reduce by 20% at the 1500 FTU level. 

 

 



Disclosure of The Potential Phytase-Producing Maize … 35 

CONCLUSION 

 

This study shows other significant role of Zea mays L. besides being a 

food source. The endophytic bacteria that are symbiotic in the maize plant 

cycle, are known to play a role in increasing its growth and yield, 

suppressing contaminant pathogens, dissolving phosphates, or contributing 

nitrogen. The other potential endophytic bacteria producing a very 

prospective enzyme, namely phytase, were applied in improving the 

quality of broiler feed. This research found and identified four types of 

potential phytase-producing endophytic bacteria from the Maize plant, 

namely Burkholderia sp. strains HF.7, Enterobacter cloacae strains HF.8, 

Enterobacter ludwigii strains HF.16, and Pantoea stewartii strains HF.28. 

Sequentially, each was isolated from the roots, stems, leaves, and seeds of 

maize plants. Also, each of the phytase produced by the four endophytic 

bacteria hydrolysed phytate which has been tested in vitro at various dose, 

temperature, and pH. Therefore, this enzyme is proven to have the 

potential of improving poultry feed quality. 
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