
Vol.:(0123456789)1 3

International Microbiology (2023) 26:961–972 
https://doi.org/10.1007/s10123-023-00350-4

RESEARCH

Purification and biochemical characterization of phytase from Bacillus 
cereus isolated from gastrointestinal tract of African giant snail 
(Achatina fulica)

David Morakinyo Sanni1 · Monsurat Bukola Jimoh1 · Olusola Tosin Lawal1 · Samuel Olufemi Bamidele1

Received: 8 September 2022 / Revised: 14 March 2023 / Accepted: 20 March 2023 / Published online: 5 April 2023 
© The Author(s), under exclusive licence to Springer Nature Switzerland AG 2023

Abstract
Phytases are specialized enzymes meant for phytic acid degradation. They possess ability to prevent phytic acid indigestion, 
including its attendant environmental pollution. This study was aimed at investigating biochemical properties of purified 
phytase of B. cereus isolated from Achatina fulica. Phytase produced from Bacillus cereus that exhibited optimal phytate 
degrading-ability of all the bacteria isolated was purified in a three-step purification. The biochemical properties of the puri-
fied enzyme were also determined. The phytase homogeny of approximately 45 kDa exhibited 12.8-purification fold and 
1.6% yield with optima phytate degrading efficiency and maximum stability at pH 7 and 50 °C. Remaining activity of 52 
and 47% obtained between 60 and 70 °C after 2 h further established thermostability of the purified phytase.  Mg2+ and  Zn2+ 
enhanced phytate hydrolysis by the enzyme, while  Na+ showed mild inhibition but  Hg2+ severely inhibited the enzymatic 
activity. Km and Vmax were estimated to be 0.11 mM and 55.6 μmol/min/mL, displaying enzyme-high substrate affinity and 
catalytic efficiency, respectively. Phytase purified from Bacillus cereus, isolated from African giant snails, has shown excel-
lent characteristics suitable for phytic acid hydrolysis and could be employed in industrial and biotechnological applications.
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Introduction

Phytic acid (myo-inositol hexakis phosphoric acid) is a sec-
ondary metabolite manufactured by plants and are account-
able for the total phosphorus in plants (Caliskan-Ozdemir 
et al. 2021). Phytic acid is abundant in seeds during ripen-
ing, and its principal function is to store myo-inositol (Mehta 
et al. 2006; Nissar et al. 2017). Phytic acid is a major con-
stituent in food crops of the family of legumes, cereals, and 
oil seed crops. These classes of crops are universally planted 
for the purpose of food for animals and humans (Nissar et al. 
2017). Phytic acid present in these crops has the capability to 
bind with the available divalent and some monovalent metal 
ions, such as  Ca2+,  Mg2+,  Fe2+,  Na+, and  K+, respectively 

(Sanni et al. 2019; Trivedi et al. 2022). Of all organophos-
phate molecules, phytic acid is extremely stable owing to 
its high negative charge and can therefore perform different 
roles over a wide pH range, which hence favors its anti-
nutritive effect (Trivedi et al. 2022). As a result of these anti-
nutritive properties, phytic acid in plant-based foods and ani-
mal feeds becomes a major problem as it threatens humans’ 
and animals’ health. It also poses environmental degrada-
tion and therefore requires enzymatic degradation so as to 
reduce its laden on the ecosystem (Singh and Satyanaray-
ana 2008; Nissar et al. 2017; Jatuwong et al. 2020). Hence, 
hydrolysis of phytate is pertinent in human diets and animal 
feeds because there are approved daily intakes of phytate, 
of which if exceeded could result in health problems (Song 
et al. 2019). Enzymatic hydrolysis of phytic acid by phytase 
is desirable for effective degradation of phytic acid, though 
nonenzymatic methods such as cooking, soaking, germi-
nating, fermentation, and addition of vitamin C have been 
reported (Song et al. 2019).

Phosphatases are sub-class of hydrolases and majorly 
catalyze hydrolysis of inorganic phosphate in phosphate-
containing compounds from various sources. However, 
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hydrolysis of phosphoesters in phytic acid requires more 
specific enzymes than phosphatases because it has been 
observed not to be meant for phytic acid catalysis (Sanni 
et al. 2019). Hence, phytase (myo-inositol hexakisphosphate 
phosphohydrolases) is a special class of enzyme that is spe-
cific for hydrolysis of phytic acid to monophosphate and its 
derivatives (in some cases to free myo-inositol), releasing 
inorganic phosphate (Craxton et al. 1997; Haros et al. 2007; 
Sanni et al. 2019). Presence of phytases has been observed 
in microorganisms (Coban and Demirci 2014; Sanni et al. 
2019), plants, and some animal tissues (Sanni et al. 2019).

Phytases are crucial in both human and animal nutritions 
(Sadaf et al. 2022). They are used as a feed addition to coun-
teract phytic acid’s antinutritional effects and to promote 
phosphorus absorption, hence reducing the environmental 
pollution caused by complex phosphate compounds (Sato 
et al. 2016; Soman et al. 2020). Thermostability, a wide pH 
range, and proteolytic resistance of phytase are biochemical 
characteristics that have been linked to its catalytic efficiency 
(Song et al. 2019). These factors influence the amino acid 
groups (Arg, Lys, His, Glu, and Asp) present at the cata-
lytic sites of phytases and frequently control the substrate 
(phytate) binding and catalysis (Song et al. 2019; Sanni et al. 
2019). In comparison to plant and animal sources, microbial 
phytases have been found to possess exceptional qualities 
such as thermal and pH stability, inhibitor and metal toler-
ance, high substrate specificity, and catalytic efficiency for 
sodium phytate (the substrate). As a result, they have been 
found to be more effective in managing the environmental 
threat associated with excess complex phosphate (Fasimoye 
et al. 2014; Sato et al. 2016; Ajith et al. 2019; Sanni et al. 
2019).

Monogastric animals, including pigs, poultry, and fish, 
find it difficult to make use of phytate phosphorus, and it 
becomes necessary that they are supplied with extracellular 
phytase (phytic acid degrader) in their feed in order to meet 
phosphate requirements. This is important for their growth 
and development and mitigation of anti-nutritive effect of 
phytate that could lead to environmental pollution (Roopesh 
et al. 2006; Sanni et al. 2019). Digestion of phytic acid in 
monogastric could only be spontaneous if microorganisms 
inhabiting the gut of the animals are phytate-degraders. 
Therefore, efforts are being continually made in isolating 
and screening more microorganisms, including bacteria that 
are suitable for this purpose (Lan et al. 2002; Sanni et al. 
2019). Meanwhile, phytase production has been observed 
in Bacillus licheniformis (Fasimoye et al. 2014), Geobacil-
lus sp. TF16 (Dokuzparmak et al. 2017), and Lactobacillus 
coryniformis (Demir et al. 2018), while Jain and Chauhan 
(2014) and Dahiya and Singh (2016) isolated Bacillus cereus 
phytase from different sources and reported varying ability 
of the enzymes in releasing inorganic phosphorus and Danial 
and Alkhalf (2016) reported physicochemical properties of 

phytase in Bacillus cereus EME 48. Though previous works 
from our lab have established phytase in different tissues of 
African giant snails (Sanni et al. 2017) and physicochemical 
properties of purified phytase from Aspergillus fumigatus 
isolated from African giant snails (Sanni et al. 2019).

The present study reports biochemical properties of puri-
fied phytase from Bacillus cereus isolate associated with 
gastrointestinal tracts of African giant snails.

Materials and methods

Materials

Sample collection

Bacillus cereus (a bacterium with phytate-degrading capac-
ity) isolated from gastrointestinal tract of African giant 
snails was obtained from the Department of Biochemistry, 
Federal University of Technology, Akure, and was main-
tained on agar slant.

Chemicals

DEAE Sephadex A-50, Sephadex G-100, sodium acetate, 
hydrochloric acid, sodium hydroxide, Tris–HCl Buffer, 
bovine serum albumin (BSA), sodium chloride, magne-
sium chloride, mercury chloride, aluminum chloride, copper 
chloride, manganese chloride, glycine, sodium hydroxide, 
hydrochloric acid, EDTA, molybdate, and trichloroacetic 
acid (TCA) were products of Sigma-Aldrich Laborchemi-
kallen, EC label C.O.O. Germany. All other reagents were 
of analytical grade.

Methods

Sample preparation, isolation, and identification procedure

Pure strains of different nine bacteria isolated from gastroin-
testinal tract of African giant snails according to Holt et al. 
(1994) and Olopoda et al. (2022) were suspended on ster-
ile MacConker agar, Mannitol salt agar, and Deoxycholate 
citrate agar. Pure isolates of the organisms were identified 
using different biochemical tests and maintained on nutrient 
agar slant at 4 °C.

Screening of isolated microorganisms for phytase activity

Pure strains of bacterial isolates were screened for phytate-
degrading ability. Phytase was produced using modified 
phytase screening medium (PSM) consisting 5  g Na 
phytate, 10 g of sucrose, 2 g  (NH4)2SO4, 3 g peptone, 2 g 
yeast extract, 0.5 g  MgSO4, 0.01 g  MnSO4.5H2O, 0.01 g 



963International Microbiology (2023) 26:961–972 

1 3

of  FeSO4, 1 mL triton X-100, and 15 g agar at pH 5.5. The 
holes were created using sterile borer in the midst of plates 
consisting nutrient agar, and the holes were filled with 
PSM. Each pure strain of the bacteria was transferred into 
the respective plate and incubated for 24 h. The diameter 
of zone of inhibition of each plate was then measured to 
quantify phytate-degrading ability of each bacterium.

Growth pattern and phytase activity of Bacillus cereus

Culture preparation was done according to the method of 
Sung et al. (2011) with little modifications and consisted 
5 g of Na phytate, 10 g of sucrose, 2 g  (NH4)2SO4, 3 g tri-
tone, 2 g yeast extract, 0.5 g  MgSO4, 0.01 g  MnSO4.5H2O, 
0.01 g of  FeSO4, 1 g triton X-100, pH 5.5 incubated at 
30 °C for 48 h and was autoclaved at 120 °C for 15 min. 
Under a well-sterile environment, the media were inocu-
lated with the freshly prepared seed culture of Bacillus 
cereus using a wire loop and incubated for 48 h at 37 °C 
using orbital shaker agitating at 210 rpm. One mL of the 
cell culture sample was withdrawn with the aid of a steri-
lized syringe at 6 h intervals throughout the incubation 
period of 48 h. The growth of the organism was monitored 
at 600 nm, while phytase activity and protein concentra-
tion were measured at 660 and 595 nm, respectively, using 
supernatant obtained after the cell culture was centrifuged 
at 6000 rpm.

Preparation of seed culture and isolation of phytase

The seed culture preparation was done according to 
the method of Sung et al. (2011) and Olopoda et al. (2022) 
with little modification by dissolving 0.5 g of sucrose, 
0.3 g of peptone, 2 g of NaCl, and 0.05 g of  CaCl2 in 
100 mL of distilled water. The peptone was allowed to 
dissolve before the addition of the salts while pH was 
adjusted to 5.5. The broth was sterilized by autoclaving it 
at 120 °C for 15 min. Under a well-sterilized environment, 
the media were inoculated with Bacillus cereus using a 
wire loop and incubated for 24 h in an orbital incubator at 
210 rpm and temperature of 37 °C.

The working medium was made up of 18 g sucrose, 6 g 
 NaNO3, 0.6 g KCl, 0.6 g  MgSO4.7H20, 0.012 g  FeSO4.7H2O, 
and 0.5% Na-phytate, pH 5.5 and was scaled up to 1200 mL. 
The culture medium was thereafter autoclaved at 120 °C for 
15 min. The seed culture was subsequently inoculated into 
the sterile medium and incubated at 37 °C for 48 h with 
agitation rate of 125 rpm. The culture fluid was centrifuged 
at 15,000 g for 20 min to obtain supernatant. The superna-
tant was then stored as source of crude phytase and used for 
purification process.

Phytase assay

Phytase activity was determined according to the method 
of Sanni et al. (2019). The reaction mixture was made up 
of 1 mL 0.2 M sodium acetate buffer (pH 5.5) containing 
0.5% of sodium phytate and 1 mL of enzyme solution. The 
assay mixture was incubated for 30 min at 37 °C. Addition 
of 1 mL TCA (15% w/v) was done to terminate the enzyme 
reaction, followed by the addition of 2 mL color reagent 
containing 3.66 g  FeSO4.7H2O, 0.5 g  (NH4)6MO7O24.4H2O, 
and 1.6 mL concentrated  H2SO4 in 50 mL of distilled water. 
Phytase activity was read at 660 nm. One unit of the enzyme 
activity was defined as the amount of the enzyme able to 
hydrolyze phytate, resulting in 1 µmol of inorganic phos-
phorus per min under the assay condition, and expressed in 
international unit (U).

Total protein determination

Protein concentration determination in the sample was car-
ried out according to the method of Bradford (1976).

Purification and characterization of phytase

Ammonium sulfate precipitation The crude enzyme extract 
was precipitated using 40–60% ammonium sulfate saturation 
with gentle and continuous stirring on magnetic stirrer for 
the complete dissolution of the ammonium sulfate. The pre-
cipitate was then centrifuged at 15,000 g using refrigerated 
centrifuge, and the pellet obtained was dissolved in 10 mL of 
20 mM sodium acetate buffer (pH 5.5) and dialyzed against 
the same buffer for three days with three changes of buffer 
after 24 h. Phytase activity and protein concentrations were 
determined according to standard procedure.

Ion exchange chromatography The dialyzed protein solu-
tion was loaded onto DEAE-Sephadex column (2.5 × 35 cm) 
and equilibrated with 20 mM sodium acetate buffer pH 5.5. 
After eluting the unbound inactive protein from the col-
umn with starting buffer, a linear gradient of 0.5 M NaCl in 
20 mM sodium acetate buffer pH 5.5 was applied to elute the 
bound protein. Absorbance of the fractions was determined, 
and peak fractions were tested for phytase activity. Fractions 
exhibiting phytase activity were pooled and concentrated.

Gel filtration chromatography The concentrated 
enzyme solution was loaded on Sephadex G-100 column 
(2.5 × 70 cm; flow rate: 10 mL/h) previously equilibrated 
with 20 mM sodium acetate buffer at pH 5.5. Absorbance of 
the fractions collected was determined at 280 nm, and peak 
fractions were tested for phytase activity, while fractions 
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exhibiting phytase activity were pooled together and con-
centrated. The concentrated aliquot enzyme was used for 
SDS-PAGE and characterization.

Estimation of molecular weight SDS-PAGE was carried out 
using 10% acrylamide-resolving gel as described by Lae-
mmli (1970) using the Bio-Rad electrophoresis system (Bio-
Rad, UK). The electrophoresis pack was run at a voltage of 
80 V and 21 mA using the running buffer. After complete 
electrophoresis movement, the gel was stained with Coomas-
sie brilliant blue for 24 h, after which it was destained using 
530 mL of distilled water, 400 mL of methanol, and 70 mL 
of acetic acid.

Determination pH optimum and stability The effect of 
pH on activity of purified phytase was determined using 
various buffer systems consisting 0.05 M of glycine–HCl 
(pH 2.0–3.0), sodium acetate (4.0–6.0), and Tris–HCl (pH 
7.0–9.0) and incubated at 37 °C for 30 min. Phytase assay 
was determined according to the method earlier described. 
The effect of pH on phytase stability was also carried out 
by incubating the purified enzyme solution between pH 5 
and 8 for 2 h. Meanwhile, aliquot enzyme was withdrawn at 
0 min, followed by subsequent removal at 20-min interval. 
Phytase activity was determined according to the standard 
assay procedure earlier described.

Determination of optimum temperature and thermal stabil-
ity The temperature profile of the purified phytase was deter-
mined in the temperature range of 30 to 80 °C. The aliquot 
enzyme in 0.5% sodium phytate containing sodium acetate 
buffer, 0.2 M, pH 5.5, was incubated in the temperature range 
30 to 80 °C. Phytase activity was determined according to 
standard assay procedure. The phytase thermal stability was 
also determined by incubating the purified enzyme at 50–80 °C 
for 2 h. Initial activity was recorded at 0 min, while the subse-
quent activities were observed at 20-min interval. Phytase activ-
ity was determined according to the standard assay procedure.

Effect of cations and EDTA on enzyme activity Effects of metal 
ions including  Na+,  Zn2+,  Ca2+,  Fe2+,  Mg2+, and  Hg2+, and 
inhibitors such as EDTA, were carried out on the purified 
enzyme at the concentration of 2 mM. Purified phytase solution 
was incubated in 0.2 M sodium acetate buffer (pH 5.5), contain-
ing each of the metal ions and inhibitor solution. Phytase activ-
ity was determined according to the standard assay procedure.

Measurement of kinetic parameters The kinetic constants, 
Km and Vmax of the purified enzyme were determined by 
the method of Lineweaver and Burk (1934) using sodium 
phytate as substrate at various concentrations (0.15–1.0 mM) 
in 0.2 M sodium acetate buffer (pH 5.5).

Results

Identification and screening of bacteria isolates 
from African giant snail

The results of bacteria isolated from African giant snails are 
presented in Table SM1. The features and properties exhib-
ited by each bacterium are presented in the table as identified 
using different microscopic and biochemical tests. All the 
isolates exhibited phytate-degrading ability, but with vary-
ing degrees shown by the diameter of the zone of inhibition. 
Bacillus cereus showed widest zone of inhibition followed 
by Erwinia amylovora, while Corynebacterium xerosid of 
all isolates exhibited least potential to degrade phytic acid 
as shown in Table SM2. However, screening of the isolates 
using phytate screening medium further revealed Bacillus 
cereus as isolate with maximum phytase-yielding bacterium, 
as presented in Fig. 1a. Therefore, Bacillus cereus was used 
further for the study.
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Fig. 1  Screening of bacteria for phytase activity and effect of incu-
bation time on phytase production. a Screening of bacteria produced 
from the gastrointestinal tract of African giant snail (Achatina fulica) 
for phytate-degrading ability; b phytase production, soluble pro-
tein production, and growth pattern of Bacillus cereus. The activity 
is expressed as µmol/min/ml, while the protein concentration of the 
sample is expressed as mg/ml. The data were collected three times 
and estimated as mean ± standard deviation
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Growth pattern and phytase production of Bacillus cereus

Growth pattern and phytase production of Bacillus cereus 
is shown in Fig. 1b. Phytase optimum production was 
obtained at 18 and 24 h incubation with 48 and 49 U/
mL, respectively, and optimum growth at 12 h incuba-
tion. The maximum protein concentration was achieved 
after 18 h. The bacterium showed decrease in growth after 
12 h of incubation, while it exhibited increased produc-
tion of phytase between 0 and 24 h, followed by a drastic 
decrease in both growth and phytase production from 24 
to 48 h.

Purification and characterization of phytase

Purification of phytase from Bacillus cereus isolated 
from African giant snail

The summary of purification profile of phytase from Bacil-
lus cereus is presented in Table 1. The aliquot enzyme after 
ammonium sulfate precipitation yielded specific gravity of 
2.4 U/mg and 1.58 purification fold with 3.0% recovery of 
its original value. The suspended dialyzed aliquot enzyme 

on DEAE Sephadex showed single peak phytase activity 
as shown in Fig. 2. The purification fold of 7.3 with 2.6% 
recovery was recorded. However, when the enzyme was sus-
pended against Sephadex G-100 of gel-filtration chromatog-
raphy (Fig. 3), a 1.6% recovery and specific activity of 19.4 
U/mg with 12.8 purification fold was achieved.

Molecular weight

Figure 4 shows polyacrylamide gel electrophoresis in the 
presence of SDS of the purified phytase. The molecu-
lar weight of the purified phytase was estimated to be 
44.86 kDa.

Effect of pH on the activity purified phytase from B. cereus

Effect of pH on the activity of the purified phytase is 
presented in Fig. 5. Optimum activity was obtained at 
pH 7 (neutral pH). However, the enzyme demonstrated 
relative activity of 70% at acidic pH 6, and a much higher 
relative activity of 92% was recorded at alkaline pH 8, 
while a significant amount of remaining relative activity 
of 50% was obtained at pH 9.

Table 1  Purification table of phytase from Bacillus cereus isolated from African giant snail

Vol. (ml) Prot. conc
(mg/ml)

Total prot. (mg) Activity (U/ml) Total activity(U) Specific 
activity (U/
mg)

Fold Yield (%)

Crude 1000 24.85 24,850 37.78 37,780 1.5203 1 100
(NH4)2SO4ppt 22.5 20.96 471.6 50.62 1138.9 2.4151 1.5885 3.0147
DEAE Sephadex A 50 18.2 4.89 88.998 54.01 981.98 11.045 7.2649 2.6019
Sephadex G-100 11.1 2.76 30.636 53.63 595.18 19.428 12.7785 1.5754

Fig. 2  Ion exchange chroma-
togram of phytase from B. 
cereus. The thick line on the 
figure represented the pooled 
fractions, while the straight line 
represented sodium chloride 
gradient elution
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Effect of pH on the stability of the purified phytase

Effect of pH on the stability of the purified phytase is presented 
in Fig. 6. The enzyme attained its maximum stability at pH 
7, with 68% residual activity after 2 h incubation. However, 
at pH 5, 6, and 8, remaining residual activities of 52, 47, and 
44%, respectively, were obtained after a 2 h incubation period.

Effect of temperature on activity of purified phytase

Effect of temperature on activity of phytase from B. cereus is 
presented in Fig. 7. The optimum temperature was obtained 
at 50 °C. However, very high relative activities of 92 and 
75% were obtained at 40 and 60 °C, respectively, followed 
by drastic decrease in phytase activity and showed severe 
inhibition at 80 °C with remaining activity of 14% and 
almost completely inactivated at 90 °C, yielding 3.5% rela-
tive activity.

Effect of temperature on the stability of purified phytase

Effect of temperature on the stability of phytase is presented 
in Fig. 8. Phytase from Bacillus cereus yielded 81% residual 
activity of its original at 50 °C. The enzyme showed rapid 
instability, with 52, 43, and 25% remaining residual activi-
ties recorded at 60, 70, and 80 °C, respectively.

Effect of metal ions and inhibitor on the activity of phytase

Effect of metal ions and inhibitors on the activity of phytase 
is presented in Fig. 9. The enzyme activity was activated 

in the presence of  Mg2+ and  Zn2+, with 9 and 6% increase, 
respectively. However, the activity was moderately inhibited 
by  Na+, and about 50% of the enzymatic activity was inhibited 
by  Ca2+. The phytase activity was greatly inhibited in the pres-
ence of EDTA and  Fe2+, with over 70% inhibition, and almost 
totally inactivated by  Hg2+, with 4% remaining relative activity.

Kinetic parameters

Lineweaver–Burk plot of  [V]−1 against  [S]−1 is presented in 
Fig. 10. Km and Vmax values were estimated to be 0.11 mM 
and 55.6 μmol/min/mL, respectively.

Discussion

Phytase-producing ability has been identified and reported in 
various microbial strains, mostly in bacteria and fungi (Rad-
cliffe et al. 1998; Vohra and Satanarayana 2003; Vats et al. 
2004; Vats and Banerjee 2004; Coban and Demirci 2014; 
Sanni et al. 2019; Chatterjee et al. 2020; Trivedi et al. 2022). 
However, Sanni et al. (2019) established mutual relation-
ship between African giant snail and its microbiotas, as most 
of these microorganisms have exhibited phytate-degrading 
ability. This consequently tends to result in lessening the 
anti-nutritional effect of phytate in the feeds of this organ-
ism, encourage hydrolysis of this complex compound into 
absorbable form, and then ensure proper utilization of other 
macromolecules and minerals by the snail. The result of this 
research correlates with previous studies where Lactobacil-
lus species (Zotta et al. 2007) and Alcaligene sp. (Vijayara-
ghavan et al. 2013) were used in the production of phytase 
with the resultant high yields at different incubation periods.

Fig. 3  Gel filtration chromato-
gram of phytase from B. cereus. 
The chromatogram showed one 
peak activity, while a thick line 
represented pooled fractions
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The screening of bacteria for phytase production revealed 
Bacillus cereus among nine strains of the bacterial isolates 
from the gut of African giant snails as highest phytase-pro-
ducing strain. However, further production of phytase with 
B. cereus showed the exponential growth rate of the bacte-
rium after 12 h, while the enzyme production was optimum 
after 24-h incubation period.

Shorter period of bacterial growth and enzyme produc-
tion observed in this study is consistent with Ogbonna et al. 
(2017). This short hour of incubation could prevent risk of 
spoilage according to Romero et al. (1998).

However, decline in the bacterial growth after 12-h incu-
bation and further increase in phytase production infers 
bacterium’s potential to maximally release the enzyme into 
the medium at stationary phase despite the depletion of the 
medium components. This contrasts the report of Sanni et al. 
(2019) from Aspergillus fumigatus, while it is in consonant 
with Vijayaraghavan et al. (2013), who also observed opti-
mum enzyme production at the stationary phase of Alkali-
genes sp. while the bacterium has already stopped growing.

The three-step purification procedure was efficient con-
sidering the fact that a 12.8-fold purification of the enzyme 

Fig. 4  Polyacrylamide gel electrophoresis in the presence of sodium 
dodecyl sulfate. STD, standard molecular weight; a, phosphory-
lase b (113,142 Da); b, bovine serum albumin (81,353 Da); c, oval-
bumin (47,045  Da); d, carbonic anhydrase (34,173  Da); e, trypsin 
inhibitor (27,259 Da); f, lysozyme (17,671 Da); PP, purified phytase 
(44,863 Da); SL, standard lane
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Fig. 5  Effect of pH on the activity of phytase from Bacillus cereus. 
The effect of pH was investigated between pH 2 and 9 with buffer 
systems of 0.05 M of glycine–HCl (pH 2.0–3.0), sodium acetate (4.0–
6.0), and Tris–HCl (pH 7.0–9.0) and incubated at 37 °C for 30 min 
while the pH with highest activity was represented as 100% rela-
tive to others. The data were collected three times and estimated as 
mean ± standard deviation
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Fig. 6  Effect of pH on the stability of phytase from Bacillus cereus. 
The effect of pH on phytase stability was investigated between pH 5 
and 8 with buffer systems of 0.05 M of sodium acetate (5.0 and 6.0) 
and Tris–HCl (pH 7.0–8.0) and incubated at 37  °C. There was ini-
tial removal of enzyme solution at 0  min, followed by subsequent 
removal at 20-min interval for 2 h. Phytase activity was determined 
according to the standard assay procedure. The residual activity was 
calculated relative to the activity at 0  min as 100%. The data were 
collected three times and estimated as mean ± standard deviation

0

20

40

60

80

100

120

0 20 40 60 80 100

Re
la

�v
e 

ac
�v

ity
 (%

)

Temperature (oC)

Fig. 7  Effect of temperature on the activity of phytase from Bacil-
lus cereus. The temperature was investigated between 30 and 80 °C 
at 10-°C interval while the enzyme solution was incubated in 0.5% 
sodium phytate containing sodium acetate buffer, 0.2 M, pH 5.5. The 
temperature with highest activity was represented as 100%, and activ-
ity of others was calculated relative to the temperature with maxi-
mum activity. The data were collected three times and estimated as 
mean ± standard deviation
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Fig. 8  Effect of temperature on the stability of phytase from Bacil-
lus cereus. The temperature was investigated between 50 and 80 °C 
at 10-°C interval while the enzyme solution was incubated in 0.5% 
sodium phytate containing sodium acetate buffer, 0.2  M, pH 5.5. 
There was initial removal of enzyme solution at 0 min, followed by 
subsequent removal at 20-min interval for 2 h. Phytase activity was 
determined according to the standard assay procedure. The residual 
activity was calculated relative to the activity at 0 min as 100%. The 
data were collected three times and estimated as mean ± standard 
deviation
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Fig. 9  Effect of metallic ions and EDTA on the activity of phytase 
from Bacillus cereus. Metal ions such as NaCl,  CaCl2,  MgCl2, HgCl, 
 FeCl2,  ZnCl2, and metal-chelating agent EDTA were incubated with 
enzyme solution and 0.5% sodium phytate in buffer containing 2 mM 
sodium acetate (pH 5.5). The activity was determined according to 
the standard assay procedure. The data were collected three times and 
estimated as mean ± standard deviation
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was achieved with a yield of 1.6% and specific activity of 
19.4 U/mg, which was similar to the counterpart B. cereus 
phytase reported by Jain and Chauhan (2014) and Danial 
and Alkhalf (2016) with purification folds of 10.75 and 12.3, 
respectively, and to that of Demir et al. (2018) from Lacto-
bacillus cornyformis, where of 9.53-fold purification and 
recovery of 2.6% were obtained. The result obtained here 
was also found to be much better compared to Geobacillus 
sp. Phytase (Dokuzparmak et al. 2017) with 4.60-fold puri-
fication. Several authors have also observed different results 
for bacterial phytase purification. Fasimoye et al. (2014) 
reported 39-fold purification with 10% recovery by Bacillus 
licheniformis phytase, El-Toukhy et al. (2013), 57.7% yield, 
and 3.97-fold purification from Bacillus subtilis MJA and 
Roy and Ghosh (2014), 102-fold purification fold and 29% 
yield by Klebsiella sp. phytase and 134-fold purification and 
41% recovery by Shiegella sp. phytase. In another report, A. 
foeditus MTCC 11,682 (Ajith et al. 2019) was reported to 
have 23.4-fold and a 13% yield, A. ficuum NTG-23 (Zhang 
et al. 2010) crude extract yielded 71.5 purification fold and 
23.8% yield, and Aspergillus fumigatus purified phytase 
gave 45-fold purification with 15% recovery (Sanni et al. 
2019). Among many factors that influence enzyme yield and 
purification fold are resin type, flow rate, and pH (Sanni 
et al. 2019; Badejo et al. 2021). Decrease in protein fold and 
recovery could be a result of several processes the sample 

was subjected to (Olaniyi et al. 2022), which ensure removal 
of unwanted protein that may interfere with the purity of the 
protein (Adeseko et al. 2021a; 2021b).

The molecular weight of ~ 45 kDa obtained in this study is 
similar to Lactobacillus coryniformis and (43 kDa) (Demir 
et al. 2018), Shigella spp. (43 kDa), Klebiesella sp. and B. 
cereus (45 kDa) (Roy and Ghosh 2014; Jain and Chauhan 
2014), and Alcaligenes sp. (41 kDa) (Vijayaraghavan et al. 
2013), Bacillus subtilis P6 (40 kDa) (Trivedi et al. 2022) 
and higher than B. subtilis MJA (38 kDa) (El-Thoukhy et al. 
2013) and Bacillus licheniformis (38 kDa) (Fasimoye et al. 
2014). However, bacterial phytases are found to be much 
smaller than their fungal phytases counterparts, such as 
Aspergillus foeditus MTCC 11,682 (129.6 kDa) (Ajith et al. 
2019) and Aspergillus fumigatus (88 and 118 kDa) (Wang 
et al. 2007; Sanni et al. 2019).

The optimum pH of the purified phytase from B. cereus 
is 7.0, and also revealed a very high relative of 92% activ-
ity at an alkaline pH of 8.0. The results obtained in this 
study contrast the reports of its counterpart Bacillus cereus 
phytase, with pH 5.5 (Danial and Alkhalf 2016) and pH 
6.5 (Jain and Chauhan 2014), and Rao et al. (2008), who 
reported that most microbial phytases are active in the acidic 
pH range. Some bacterial and fungal phytases have been 
reported to have a pH optimum of 6.0 to 7.5 (Tran et al. 
2010; Fasimoye et al. 2014; Gaind and Singh 2015; Sanni 
et al. 2019), and Vijayaraghavan et al. (2013) specifically 
reported Alcaligenes sp. phytase to be optimally active at 
pH 7 and 8, which is consistent with this study. However, 
phytases of fungal and bacterial origin have been shown to 
exhibit optimal activity at lower pH 4.5 to 5.5 (Wang et al. 
2007; Dokuzparmak et al. 2017; Demir et al. 2018)). The 
purified phytase was found to be relatively stable within all 
the pH investigated, with 70% residual activity recorded at 
pH 7 and 44% remaining residual activity at pH 8 after 2 h 
of incubation. This result is similar to Sung et al. (2011), 
who reported Bacillus subtilis CF92 phytase to be relatively 
stable over a pH range of 4.0 to 8.0. Sanni et al. (2019), 
however, observed residual activity of 83% after 6 h within 
pH 4–7 for A. fumigatus phytase. B. cereus phytase optimum 
activity and stability at neutral and alkaline pH shows suit-
ability for dietary supplements in aquaculture species with 
digestive system at neutral pH and food and feed processing 
industries (Yu and Chen 2013).

The optimum activity was observed at 50  °C for B. 
cereus phytase isolated from African giant snails. Bacte-
rial phytases that have shown optimum activity between 
55 and 60 °C were B. subtilis (Farhat et al. 2008), Bacillus 
licheniformis (Fasimoye et al. 2014), Klebiesilla sp. (Roy 
and Ghosh 2014), (55 °C) Sighella sp. (Roy and Ghosh 
2014), and B. cereus 10,072 (60 °C). Gulati et al. (2007) and 
Dokuzparmak et al. (2017) reported phytase from Bacillus 
laevolacticus and Geobacillus sp. to have higher optimum 
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Fig. 10  Double reciprocal curve showing Vmax and Km of phytase of 
Bacillus cereus. The concentrations of phytase from 0.15 to 1  mM 
were dissolved, respectively, in 0.2 mM sodium sodium acetate (pH 
7). The activity was determined according to the standard assay pro-
cedure. Vmax and Km were then extrapolated from Lineweaver–Burk 
plot
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temperatures of 70 and 85 °C, respectively. Remarkably, 
Thermo-stability of phytase from B. cereus with maximum 
residual activity  at 50 °C and significant remaining activity 
of 44 and 47% between 60 and 70 °C after  2 h incubation 
period is comparable with B. subtilis CH92 phytase (Sung 
et al. 2011), which was stable up to 70 °C with 40% remain-
ing activity after 30 min. B. cereus EME 48 phytase (Danial 
and Alkhalf 2016) was reported to have maximum thermal 
stability at 75 °C with 80% residual activity. However, Fasi-
moye et al. (2014) reported B. licheniformis phytase to retain 
residual activity of 55% at 80 and 90 °C. Similarly, Roy and 
Ghosh (2014) reported Shigella spp. phytase to be stable at 
80 °C with 80% of its initial activity recorded. However, A. 
fumigatus phytase reported by Sanni et al. (2019) showed 
comparatively lower residual activity of 48% at 50 °C and 
was thereafter inhibited by further increase in temperature. 
Thermal stability of B. cereus phytase could be exploited in 
animal feed preparation as the process requires high tem-
peratures (Dokuzparmak et al. 2017).

Effects of some metal ions and EDTA on the activity 
of phytase from Bacillus cereus revealed that only  Mg2+ 
and  Zn2+ had an activating effect at 2 mM, while  Fe2+ and 
 Ca2+ showed inhibitory effects, but  Hg2+ nearly inactivated 
enzymatic activity. The report of Yu and Chen (2013) that 
the activity of purified phytase from Bacillus nealsonii 
Zj0702 was inhibited by  Ca2+,  Cu2+,  Co2+,  Zn2+,  Mn2+, 
 Ba2+, and  Ni2+ ions was comparable to the results obtained 
in this study, while it contrasts Casey and Walsh (2003), 
who reported that A. niger ATCC 9142 phytase to be acti-
vated in the presence of  Cd2+,  Cu2+,  Hg2+,  Mg2+,  Mn2+, 
and  Zn2+ ions, but showed inhibitory effect towards  Ca2+ 
and was mildly affected by  Fe2+ and  Fe3+. Chelating effect 
of EDTA on the enzymatic activity of the phytase such that 
it resulted in over 80% inhibition was in agreement with 
the report of Sadaf et al. (2022) and depicted requirement 
of metal ions by the enzyme. Phytase has been observed 
to be  Ca2+-dependent and was found to lose its stability 
in the absence of the metal ion (Jain and Chauhan 2014). 
A. fumigatus phytase was activated by EDTA and showed 
enhancement towards some metal ions investigated (Sanni 
et al. 2019). EDTA has been known to be a chelating agent 
and for its ability to chelate important modulators such as 
metal ions at the enzyme active site and thereby hinder 
enzyme functionality (Olaniyi et al. 2023).

The Km and Vmax of 0.11 mM and 55.6 μmol/min/mL, 
respectively, obtained in this study are similar to B. cereus 
EME 48 (Danial and Alkhalf 2016), Lactobacillus coryni-
formis (Demir et al. 2018), and Bacillus subtilis MJA (El-
Toukhy et al. 2013) phytases, with Km of 0.23 mM, 0.32 mM, 
and 0.48 mM, respectively. The Km observed in this study 
was found to be smaller and therefore have more substrate 
affinity compared to Geobacillus sp. (Dokuzparmak et al. 
2017) and Aspergillus fumigatus (Sanni et al. 2019) with Km 

of 1.31 and 7.2 mM, respectively. High catalytic efficiency 
and substrate affinity of Bacillus cereus phytase isolated 
from African giant snails have shown it to be an efficient 
phytate hydrolyzer which could be applied in industrial and 
commercial processes.

Conclusion

The study has revealed inherent phytate-degrading ability 
of bacteria in the gut of African giant snails and excep-
tional physicochemical properties of phytase produced 
from Bacillus cereus (a bacterium exhibiting maximum 
phytate-degrading ability), which could enhance hydrolysis 
of phytate and alleviate the burden it poses on the environ-
ment and health of animals and human. The inhibition of the 
B. cereus purified phytase by EDTA and enzymatic activ-
ity enhancement by divalent ions showed that it is a metal-
loprotein. The thermo-tolerant and thermostability of the 
purified phytase, including its pH stability, could enhance 
processes such as feed pelleting, food, and other biotechno-
logical processes.
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