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Abstract—Production of phytases from Pichia kudriavzevii FSMP-Y17 yeast was enhanced by optimization of
the fermentation variables under submerged fermentation conditions. Maximum 3.67 U/mL of phytases was
produced using 2.5% orange peel flour as a substrate, at pH 5.0 and temperature 50°C, by supplementing fer-
mentation medium with 0.2% (wt/vol) galactose as carbon source and 0.2% (wt/vol) ammonium nitrate as a
nitrogen source. Addition of sodium phytate to the production medium, however, did not cause any enhanc-
ing effect on phytase production by P. kudriavzevii FSMP-Y17 under submerged fermentation. The yeast
enzyme purified to near homogeneity in three steps (ammonium sulphate precipitation, anion exchange
chromatography and gel filtration) was found showing thermostability (from 40 to 70°C, with highest activity
at 55°C) and stable at acidic pH (from 4.0 to 7.0, with highest activity at pH from 5.0 to 6.0). The purified
enzyme was added to the diets of the broilers. The diets enriched with yeast phytase showed increased feed
intake in the birds, while food conversion rate was lowered. The phytase supplementation caused better phos-
phorus retention in the birds consequently resulting in enhanced growth of the broilers. The augmented diets

also showed improved egg production and egg quality in the hens.
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Phytase (EC 3.1.3.8, inositol hexaphosphate phos-
phohydrolase) is an enzyme that catalyzes the sequen-
tial hydrolysis of phytic acid (myo-inositol
1,2,3,4,5,6)- hexakis (dihydrogen phosphate) to less
phosphorylated myo-inositol and phosphoric acid
with myo-inositol phosphate formed as intermediate
[1]. Phytic acid, as phytate (salt of phytic acid) is a
major storage form of phosphorus in the grains and
legumes [2]. It accounts for 65—80% of the total phos-
phorus in the grains [2]. Thus, phytate is an important
source of phosphorus in the animal feed. Phytic acid is
chemically very stable molecule having high content of
phosphate. Ruminants easily digest the phytic acid in
their feed with the help of phytases produced by the
anaerobic bacteria and fungi present as natural rumi-
nal micro flora in their gut. However, monogastric
animals such as poultry, fish and pig are unable to uti-
lize phytate because of lack of gastrointestinal phytases
in them. Under normal physiological conditions,
phytic acid chelates nutritionally important divalent
cations (Ca®", Zn?* and Fe?") thereby rendering them
biologically unavailable to the animal [3]. Therefore,
the animal feed is supplemented with di-calcium
phosphate to meet the nutritional requirements of the
animals. On the other hand, this approach stimulates
phosphate pollution due to the excretion of phytic acid
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and unutilized inorganic phosphorus, thereby leading
to eutrophication of surface water [4]. Therefore,
reduction of phytic acid content of the feeds, via its
enzymatic hydrolysis, is essential. Phytases are wide-
spread among all types of organisms including plants,
animals, bacteria, fungi and yeasts [5]. Phytases can be
broadly categorized into two major classes based on
the pH for activity: acid phytases and alkaline phy-
tases. More focus has been concentrated on acidic
phytases because of their applicability in the animal
feeds and broader substrate specificity than those of
the alkaline phytases.

Due to their worldwide use in the feed industry, a
wide variety of microbial phytases has been discovered
and characterized in the last decade. The acceptance
of a new phytase by a feed industry depends on many
factors. Three essential characteristics of an “ideal
phytase” include their effect in releasing phytate-P in
the digestive tract, their thermostability during feed
processing and storage, and the commercial produc-
tion of the enzyme should be economically cheap [6].
Furthermore, the ability of any given phytase to
hydrolyze phytate- P in the digestive tract is deter-
mined by its enzymatic properties such as catalytic
efficiency, substrate specificity, temperature and pH
optima, and resistance to the proteolysis [7]. As stom-



872

ach is the main functional site of the supplemental
phytase, a phytase with a low or acidic pH optimum
and high resistance to pepsin is certainly desirable. In
addition, because dietary ingredients for swine and
poultry are often processed through a pelleting
machine at 65—80°C with steam, an ideal phytase
should be able to withstand high temperature and the
steam encountered during this process. Likewise, an
enzyme that can tolerate long term storage or transport
at ambient temperature is undisputedly attractive.
Finally, a phytase won’t be competitive if its produc-
tivity and purity is not comparable to relatively inex-
pensive system [7].

Major impediments to the exploitation of phytases
are its yield, stability, specificity and the cost of pro-
duction. Considering the above facts, screening crite-
ria for phytases with better thermostability and desired
level of activity have come into greater attention and
focus. Moreover, there is need of microorganisms,
which produce this enzyme efficiently using cheaper
carbon and nitrogen sources. Keeping these signifi-
cant things in view, the present investigation has been
undertaken in which an extracellular phytase was pro-
duced from Pichia kudriavzevii FSMP-Y17 under sub-
merged fermentation (SMF) conditions using orange
peel as a substrate. The aim of the study was to purify
the enzyme to the homogeneity and apply it in the
broilers feed to follow their effect on various nutri-
tional parameters.

MATERIALS AND METHODS

Microbial culture. The microbial culture used was
P. kudriavzevii FSMP-Y17 yeast isolated from poultry
field soil sample (soil collected from poultry farm).
The culture was preserved on the MYGP (g/L: malt
extract, 3.0; yeast extract 3.0; glucose, 10.0; peptone,
5.0; pH 5.5) agar slants at 30 £ 1°C and preservation
was done at 4 = 1°C in a refrigerator.

Production optimization of phytase. To improve the
phytase yield, both nutritional as well as physical
parameters were optimized using ‘one variable at a
time approach’, under the condition of SMF.

SMF. The culture was grown in 50 mL of Phytase
Screening Medium (PSM). The broth (pH 5.5) contained
(g/L): glucose, 15.0; Na-phytate, 1.0; NH,NO;, 2.0;
KC1, 0.5, MgSO,7H,0, 0.5; MnSO,, 0.3;
FeSO,-7H,0, 0.3. Various parameters such as effect of
different agro-residue substrates (rice husk, wheat
bran, sugarcane bagasse, gram’s covering (outer shell
of chickpeas), lemon and orange peel flour), substrate
concentration, pH, temperature, and effect of supple-
ments (metal ions, sodium phytate, different carbon
and inorganic nitrogen sources) were optimized for
maximum phytase production.

Enzyme extraction and assay. The enzyme was

extracted by centrifugation of fermentation flask con-
tents under 5590 g for 15 min at 4°C and the superna-
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tant was used as crude enzyme after filtration through
Whatman filter paper no. 1 (UK). The phytase activity
was determined using method described by Gulati
etal. [8]. The reaction mixture consisted of 0.5%
(wt/vol) sodium phytate substrate (prepared in 0.2 M
sodium acetate buffer, pH 5.5) and appropriately
diluted enzyme. The contents were incubated at 50°C
for 30 min. Here the enzyme activity assay parameters
have been chosen as per the required potential of
enzyme to work efficiently in the environment of
broiler’s digestive system (as all feed enzymes need to
be heat stable to avoid substantial activity loss during
pelleting process). Reaction termination was done by
adding an equal volume of 15% trichloroacetic acid.
For the quantification of the phosphate ions liberated
in the reaction, 100 uL of the assay mixture was mixed
with 900 uL of 1.0 M H,SO,, 10% ascorbic acid and
2.5% ammonium molybdate (3 : 1 :0.1) (vol/vol) fol-
lowed with incubation at 50°C for 20 min. Finally, the
absorbance was taken at 820 nm. One enzyme unit
(IU) is defined as the amount of enzyme required to
hydrolyze 1 mM of substrate (sodium phytate) in 1
min under the assay conditions. The amount of
enzyme production was expressed as U/mL.

Enzyme purification and characterization. The
crude enzyme produced under optimized fermenta-
tion conditions was subjected to three steps purifica-
tion. The ammonium sulphate precipitation was done
to five cuts off (0—20, 20—40, 40—60, 60—80 and 80—
90% saturation) at 4°C. The precipitated proteins were
dissolved in minimum amount of 0.2 M acetate buffer
(pH 5.5) and the solution was subsequently dialyzed
against 0.2 M acetate buffer (pH 5.5) for 24 h at 4°C
(by changing buffer repeatedly after every 6 h). The
concentrated enzyme was subjected to the anion
exchange chromatography. The charged DEAE-cellu-
lose (equilibrated with 0.5 N HCIl and 0.5 N NaOH),
suspended in 0.1 M acetate buffer (pH 4.8), was
packed in a glass column (2 %X 42 cm) and equilibrated
with 0.2 M acetate buffer (pH 5.0). The sample (dia-
lyzed solution) was passed through the column at a
flow rate of 1 mL/min with 0.2 M acetate buffer
(pH 5.0), followed by a linear gradient of 0—1 M NaCl
in the same buffer. The major fractions possessing
phytase activity were pooled, concentrated by sucrose
treatment and were further subjected to gel filtration
chromatography using Sephadex G-100 column (pre-
pared by packing 75 X 1.6 cm glass column with 8 g of
Sephadex G-100 swollen by suspending in distilled
water followed with washing with 0.1 M acetate buffer,
pH 4.8).

The partially purified enzyme was characterized by
studying the effect of the pH (using different buffers
with pH from 2.0 to 10.0) and temperature (20—90°C)
on the activity and the stability of the enzyme. In addi-
tion, the effect of different cations (Na*, K*, Ca?",
Hg?*, Mg?**, Cu?*, Zn?*, Ba?", Fe?", and Mn?"),
detergents (SDS, Triton X-100, Tween 80), metal che-
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Table 1. Composition of diets fed to broilers

Ingredients Commercial diet without Commer.cial diet with Commercial diet with P. kudriavzevii
phytase, % commercial phytase, % FSMP-Y17 phytase, %

Bajra' 39 39 39
Maize' 26 26 26
SoyaDOC? 30 30 30
Dicalcium phosphate 1.2 1.2 1.2
Marble3 1.8 1.8 1.8
Marble powder? 1.2 1.2 1.2
Medicines* 0.8 0.8 0.8
1) AB2DK3 150 g/ton 150 g/ton 150 g/ton
2) B group 100 g/ton 100 g/ton 100 g/ton
3) Lys 1-2 kg/ton 1-2 kg/ton 1-2 kg/ton
4) Meth 1-2 kg/ton 1-2 kg/ton 1-2 kg/ton
5) Liver tonic 500 g/ton 500 g/ton 500 g/ton
Phytase’ — 5000 U (100 g/ton) 2000 U (100 g/ton)
Other Enzymes — 250 g/ton 200 g/ton
Trace Mineral mix® 250 g/ton 1 kg/ton 250 g/ton
Salt (NaCl) 1 kg/ton 1 kg/ton 1 kg/ton
Toxi-binder 4 kg/ton 4 kg/ton 4 kg/ton

' Total g 65% (Bajra : Maize; 60 : 40).
2 Soya DOC is de-oiled cake of soybean.
3 Total marble content 3% (Marble : Marble Powder; 60 : 40).

Total medicines 0.8% (contains AB,DK3, B group, amino acids (Lys, Meth, liver tonic).

Commercial phytase is Vetnex-Phytonex®-granular phytase.

® Trace mineral mix provided (mg/kg of diet): iron, 120 mg from FeSO47H,0; manganese (150 mg from MnQO,); copper (15 mg from

CuSO0y); iodine (0.5 mg from KI).

lator (EDTA) and inhibitor (-mercaptoethanol) was
studied on the enzyme activity. The shelf life of the
enzyme was tested at different temperatures, i.e., 50,
35and 4°C.

Applications of yeast phytase in broilers. To study
the application of phytase in the broilers feed, experi-
mental mixtures containing various diets were
designed according to the broiler organisms. Total
number of broilers present in the farm, selected for
experiment was divided into three groups having 10
broilers in each group. One group has been fed with
diet supplemented with the Pichia kudriavzevii
FSMP-Y17 enzyme, another group has been fed with
diet supplemented with commercial phytase, and third
group had the diet without phytase (control). Compo-
sition of the formulated diets has been shown in Table 1.
In the broiler organisms, different parameters such as
weight gain, feed conversion ratio (FCR), phosphorus
retention (determined by the continuous observation
of phosphorus content in the fecal matter of broilers)
and dropping phosphorus content were compared in
the commercial diet containing commercial phytase,
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commercial diet supplemented with the P. kudriavzevii
FSMP-Y17 enzyme and control without any phytase.
Fecal samples were ashed and P was determined spec-
trophotometrically (UV-visible spectrophotometer,
UV-1900 Shimadzu Corp., Japan) at 680 nm [9]. The
effect of phytase containing diets was also analyzed on
the productivity of broilers in terms of egg production,
specific gravity, broken egg ratio, shelf life of egg and
yolk index. The effect of different diet mixture has
been studied on the broilers, that are in egg laying age
and the studies were caried for 2 weeks as per given in
previous studies.

CALCULATIONS

Feed Conversion Ratio (FCR)
_ Feed consumed
Gain in body weight’

where Feed Consumed is amount of Feed consumed
by an individual broiler bird, and Gain in Body Weight
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Table 2. Effect of different agro-residues and fermentation con-
ditions on phytase production by P. kudriavzevii FSMP-Y17*

Variable parameter acti\ZT;t?jij
Agro-residues (2.0% wt/vol)!
‘Wheat bran 1.69 + 0.08B
Rice husk 0.54 = 0.03F
Gram’s covering 0.62 £ 0.03E
Sugarcane bagasse 0.84 +0.04P
Lemon peel flour 1.42 £0.07¢
Orange peel flour 1.95 +0.104
Concentration of Orange peel
flour (% wt/vol)?
1.0 1.07 £ 0.05¢
2.0 1.94 £ 0.104B
2.5 2.14 £ 0.114
3.0 1.82 +0.098
4.0 1.10 £ 0.06¢
5.0 0.92 +0.05¢
Initial pH of fermentation
medium3
3.5 0.57 £ 0.027PF
4.0 1.62 + 0.3254BC
4.5 2.03 £ 0.4624B
5.0 229 £0.4314
5.5 2.07 £0.321AB
6.0 1.73 £ 0.468"B
6.5 1.23 + 0. 218B¢P
7.0 0.79 + 0.056PE
7.5 0.52+ 0.023PF
8.0 0.29 + 0.038F
Incubation Temperature
0y
30 1.12 £ 0.3678
40 2.01 + 0.4462
50 2.31 £0.216"
60 0.97 £ 0.055B

' Cultural conditions: Production medium containing 2.0%
(wt/vol) agro residues as substrates, incubated at 50°C, pH 5.5,
120 rpm, for 72 h; inoculum size 2.0% (vol/vol).

Cultural conditions: Production medium containing orange peel
flour, incubated at 50°C, pH 5.5, 120 rpm, for 72 h; inoculum size
2.0% (vol/vol).

Cultural conditions: production medium contained 2.5%
(wt/vol) orange peel flour, incubated at 50°C, 120 rpm, for 72 h,
inoculum size 2.0% (vol/vol).

Cultural conditions: production medium contained 2.5%
(wt/vol) orange peel flour, pH 5.0, 120 rpm, for 72 h; inoculum
size 2.0% (vol/vol).

* Each value is the mean of three replicates + standard deviation.
Values with different letters are significantly different (P < 0.05).
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is the weight gain in that individual broiler after con-
suming the feed.

Phosphorus Retention (%)
_ Phosporus Retained
Phosphorus Intake

x 100,

where Phosphorus retained is the phosphorus content
that retained in the broilers body, which is calculated
by subtracting (phosphorus content in feces) from
(Phosphorus intake).

Yolk Index = —Hight of yolk
Diameter of yolk
RESULTS AND DISCUSSION

Optimization of phytase production under SMF
conditions. Effect of substrate concentration. Phytase is
an inducible enzyme and produced only in the pres-
ence of sodium phytate. The concentration of sodium
phytate is a crucial factor for the growth and phytase
induction. Our findings demonstrated that orange
peel flour was the best substrate for maximum phytase
production by P kudriavzevii FSMP-Y17 yielding
1.95 U/mL enzyme under SMF (Table 2). The effect
of different concentrations (1—5%) of this selected
substrate on the enzyme production showed that 2.5%
(wt/vol) concentration was best for maximum phytase
(2.14 U/mL) production (Table 2). The high produc-
tion of phytase in the case of orange peel flour may be
due to some inducing factors like presence of sufficient
phytate and carbon sources that accelerate the synthe-
sis of the enzyme. Increased phytase production
(521 %+ 28.16 U/gds) by RSM attained with 5-g wheat
bran supplemented with 2% mannitol, 0.5% ammo-
nium sulfate was reported by Kumari and Bansal [10].
The production of phytase using Aspergillus niger
NCIM 563 under SMF conditions was optimized
using protein rich chickpea flour by Shah et al. [11].
The highest phytase production (208.30 =+
0.22 U/gds) was achieved using wheat bran as cheap
agro-industrial substrate for SSF by Kumari and Ban-
sal [12].

Effect of pH. The pH of the production medium
plays a significant role in the production of different
metabolites. In the present study, the effect of various
pH (from 3.5 to 8.0) was tested in order to enhance the
yield of the phytase. It can be seen from Table 2 that
the maximum phytase activity of 2.29 U/mL was
obtained at pH 5.0 with P. kudriavzevii FSMP-Y17.
This may be due to the fact that yeast strain grows best
at acidic pH. It seems that phytase from the isolate
needed an acidic or neutral environment to be active.
The considerably higher phytase production was
obtained using rice bran as solid substrate (17.8—
28.6 U/mL) at pH 5.0 by Sandhya et al. [13]. Investi-
gations by Qasim et al. [14] revealed that optimal pro-
ductivity of phytase was achieved using wheat bran at
pH 5.0. Maximum phytase production under SSF
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Fig. 1. Effect of different temperatures on activity (1) and stability (2) of purified phytase from P. kudriavzevii FSMP-Y17.

supplemented with wheat bran at pH 5.0 was obtained
for Bacillus sp. HCYLO3 isolated from soil by Sardar
et al. [15].

Effect of temperature. Incubation temperature
affects various metabolic processes such as protein
denaturation, enzymatic inhibition, promotion or
inhibition of production of a particular metabolite,
cell death, etc. Thus, the effect of temperature ranging
from 30 to 60°C was studied on the phytase production
by P. kudriavzevii FSMP-Y17. It was observed that
maximum 2.31 U/mL phytase was produced by the
yeast at 50°C (Table 2). Different microorganisms
require different temperature for the enzyme synthesis
and the utilization of the substrate. When temperature
is raised, the Kkinetic energy of the substrate and
enzyme molecules increases resulting in an increase in
the number of collisions per unit time between the
enzyme and its substrate. An increase in the tempera-
ture beyond the optimum value caused reduction in
the catalytic rate of the phytase, which could be due to
the denaturation of the enzyme rendering it inactive
Some other scientists reported highest levels of phy-
tase synthesis at 30°C for Aspergillus tubingensis SKA
strains using wheat bran as substrate and 45°C for
Thermoascus aurantiacus [14]. Maximum phytase pro-
duction was observed at 45°C and pH 5.0 by Bacillus
sp. HCYLO03 [15]. The effect of different temperatures
(20—90°C) on activity and stability of purified phytase
from P. kudriavzevii FSMP-Y17 is presented in Fig. 1.
This enzyme showed a temperature range of 45—65°C
for the best activity (>80%) and the optimum tem-
perature of 55°C for phytase activity was observed.
There was an increase in phytase activity with increase
in temperature up to 55°C, and a subsequent decrease
in activity with further increase in temperature (at
80°C the residual phytase activity remained 48%). The
stability (>80%) of the purified phytase was achieved
in the range of 40—70°C.

Effect of sodium phytate supplementation. The effect
of sodium phytate (Sigma-Aldrich, USA) on phytase
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yield was studied by adding this substrate at different
concentrations (0—1%) in the production medium.
No inductive effect of sodium phytate was observed at
any concentration. The highest enzyme production by
P, kudriavzevii FSMP-Y17 was obtained in the
medium containing orange peel flour (2.34 U/mL) as
phytate-rich substrate. This finding suggests the
orange peel flour as an economical substrate for the
production of microbial phytase. Similar results were
obtained by Wodzinski and Ullah [16], Sano et al. [17]
and Quan et al. [18] who observed an inhibitory effect
of phytate on phytase synthesis by Aspergillus ficuum,
Arxula adeninivorans and Candida kruseii, respec-
tively. On the other hand, the synthesis of phytase in
some Aspergillus species, Schwanniomyces castellii, and
Bacillus subtilis has been shown to be stimulated by
phytate [19—21].

Effect of carbon sources. The effect of different car-
bon sources on the production of phytase was evalu-
ated under SMF by P. kudriavzevii FSMP-Y17. The
results revealed that the phytase yield was increased to
3.19 U/mL in the presence of galactose as an addi-
tional carbon source. When the effect of various con-
centrations of galactose was tested, an increase in
activity was obtained with 0.2% galactose i.e., 3.34 U/mL.
However, an increase in concentration beyond 0.2%
resulted in a decrease in the enzyme activity. This
might be due to the interruption of yeast budding by
metabolic products generated at higher concentration
of the carbon sources. Similar to our results, Sano
et al. [17] observed that galactose favored both growth
and phytase production in Saccharomyces cerevisiae
CY and A. adeninivorans, respectively. Galactose and
molasses also enhance phytase production in S. cas-
tellii and in A. niger St-6 [20, 22]. The 0.3% dextrose,
showed the best phytase production and enzyme
activity is the case of Aspergillus fumigatus NF191 [23].
Glucose was proved to be the best carbon source for
enhanced phytase production from A. awamori NRC-
F18 V [24].
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Table 3. Characteristics of partially purified phytase*

SHARMA et al.

Characteristic under study

Outcome

Optima and stability of phytase

pH optima (>80% activity)

pH stability (>80%)

Temperature optima (>80% activity)
Temperature stability (>80%)

Shelf life of phytase (0 to 30 days)

At 4°C

At 35°C

At 50°C

pH 5.5 (range 5.0 to 6.0)
pH4.0t0 7.0

55°C (range 45 to 65°C)
40 to 70°C

100% stability for 30 days
100% stability for 15 days,
38% activity retained up to 25 days
100% stability for 13 days,
50% activity retained up to 25 days

* Enzyme was partially purified in three sequential steps, i.e, ammonium sulphate precipitation, anion exchange and gel filtration chro-

matography.

Nitrogen source is very essential component for the
growth and the enzyme production by the microor-
ganisms. Therefore, different nitrogen sources like
ammonium nitrate, ammonium sulphate, ammonium
dihydrogen phosphate, beef, tryptone, urea and pep-
tone were evaluated for their effect on phytase produc-
tion by P. kudriavzevii FSMP-Y17. It may be depicted
from the results that ammonium nitrate showed stim-
ulatory effect on the phytase production by the yeast
(3.55 U/mL), while all other nitrogen sources were
found inhibitory. On studying the effect of different
concentrations of ammonium nitrate, it was observed
that 0.2% (wt/vol) ammonium nitrate was suitable for
maximal phytase yield (3.67 U/mL). Similar to our
results, Ramachandran et al. [25] and Tahir et al. [22]
also observed the highest growth and phytase produc-
tion in the presence of ammonium nitrate by Rhizopus spp.
and A. niger St-6, respectively. Other workers have
reported maximum phytase production in the pres-
ence of ammonium sulphate (2.0%) by S. castellii [20].
According to one of a previous investigation, the opti-
mal productivity of phytase was achieved using wheat
bran supplemented with 0.5% (NH,),SO, as nitrogen
source for Aspergillus tubingensis SKA [14]. Ammo-
nium acetate was proved to be the best nitrogen source
for enhanced phytase production from A. awamori
NRC- F18 [24].

Effect of metal ions. Many enzymes require the
presence of metal ions to express their catalytic activity
completely. Hence, it is important to know the kind of
ions and their concentrations in achieving maximal
reaction efficiency [26]. The effect of different mon-
ovalent and divalent cations (5 mM) such as chlorides
of Ca?", Ba?", Na*, K and sulphates of Fe2*, Zn?*,
Mn?", Cu?* and Mg?" on phytase production was
assessed. No significant effect was observed on phy-
tase production by P. kudriavzevii FSMP-Y17 for any
metal ion except calcium showing an inhibitory effect
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on the enzyme production. From these observations,
it can be concluded that phytase from P. kudriavzevii
FSMP-Y17 did not require metal ions for its activity.
In a study by Casey and Walsh [27], the phytase activ-
ity in Rhizopus oligosporus was found to be unaffected
or moderately stimulated by a range of metal ions. On
the other hand, Pichia rhodanensis was found to func-
tion >50% of its maximal rate at 1 M NaCl [28]. Activ-
ity of the enzyme produced from C. kruseii WZ-001
was inhibited by Co?*, Cd?*, Ba?* and Hg?" while Pb*"
and Cu?" improved the phytase production of the
strain [18]. Soni et al. [29] reported that A. niger
NCIM 563 produced two different extracellular phy-
tases in which Phy II was strongly inhibited by Ag*,
Hg?* (1 mM) metal ions and Phy I was partially inhib-
ited under SMF. The thermal stability of the purified
recombinant enzyme phy(ycE) from Escherichia coli
was drastically improved in the presence of calcium
ions (Ca%") [30]. The results of a previous study
showed that the effect of different divalent metal ions
on phytase activity was observed for Zn>* > Cu?* >
Fe?* > Ca®" [31].

Application of yeast phytases in broilers feed. Effect
of phytase on weight and feed efficiency. The phytase
produced by P. kudriavzevii FSMP-Y-17 was supple-
mented in broilers’ diet and its effect was studied for
2 weeks on the percent weight gain, daily feed intake
and feed conversion efficiency (FCR). Phytase sup-
plementation showed improved growth in the broiler
birds (Table 4). The overall weight gain in the yeast
phytase fed groups (66.8%) was higher than that of the
control (51.0%) and commercial phytase fed groups
(60.5%). Therefore, FCR in them was lesser (1.895)
than that of the control (2.509) and commercial fed
groups (2.100). Moreover, an increase in the feed
intake was observed with the increase in the amount of
phytase enzyme in the diets.
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Table 4. Effect of phytase from P. kudriavzevii FSMP-Y17 on weight gain, FCR and productivity in broilers

Control Commercial £ kudriavzevii
Variable parameter (no phytase) phytase FSMP-Y17
enzyme
Effect on weight gain and FCR
Live weight (g) of a chick at start of experiment 1050.0 1058.0 1061.0
Live weight (g) of a chick at first week 1220.0 1305.0 1350.0
Weight gain during first week, % 16.19 23.34 27.23
Live weight (g) of a chick at second week 1585.5 1698 1770.23
Weight gain during second week, % 29.95 30.11 31.12
Overall % weight gain for two weeks 51 £0.81 61 +0.82 66.33 +£0.47
FCR 2.6 +£0.08 2.1 £0.04 1.86 + 0.04
Effect on productivity
Egg production/day 0.88 £0.01 0.96 +0.01 1.12 £ 0.01
Egg weight, g 49.23 + 1.28 52.05 £ 2.07 56.15+2.34
Specific gravity (NaCl %) 1.080 1.085 1.085
Egg shell thickness, mm 0.40 £0.014 0.39 £ 0.011 0.37 £ 0.012
Egg shell weight, g 8.07 £0.623 8.83 £ 0.645 9.47 £ 0.899
Broken egg ratio 0.42 0.39 0.36
Weight of yolk 12.67 £ 1.234 14.38 + 1.248 15.37 = 1.798
Weight of egg white 28.65 £ 1.435 27.22 £ 1.553 31.25+ 1.768
Shelf life of egg (Grade A) 14 15 17
Any pigmentation on egg surface — — —
Color of the egg Dark yellow Dark yellow Dark yellow
Microbial contamination on the surface ++ + +
Yolk index 0.442 +0.037 0.450 + 0.033 0.462 +0.032

* Experiments have been performed in triplicates and mean values with standard deviation have been represented for overall weight gain;
FCR; egg production/day; egg weight; egg shell thickness and weight; weight of yolk; weight of egg white; and yolk index.

* No pigmentation; + less growth; ++ moderate growth

Effect of phytase on the productivity (egg production
and egg quality) of broilers. The P. kudriavzevii FSMP-
Y17 phytase-supplemented diets showed increased egg
production (1.12) compared to diets containing com-
mercial enzyme (0.96) and those without any enzyme
(0.88) (Table 4). In addition, the weight of the eggs
produced by the birds fed with the diet containing
yeast phytase was more (56.15 g) than those fed with
diets with commercial enzyme (52.05 g) and without
any enzyme supplement (49.23 g) (Table 4). Similar
results were obtained by Ciftci et al. [32] while study-
ing the effect of phytase supplementation on the egg
production and egg weight in the poultry.

The effect of the phytase supplementation in the
diet was also studied on the quality of the eggs pro-
duced by the broiler birds determined as the specific
gravity of eggs, egg shell thickness, egg shell weight,
broken egg to total egg ratio, pigmentation on egg sur-
face, shelf life of eggs and yolk index. The P. kudri-
avzevii FSMP-Y17 phytase-supplemented diet showed
highest value of specific gravity (1.085), followed by

diets containing commercial phytase (1.085) and con-
trol diets (1.080). Similar results have been recorded
during studies conducted previously. Likewise micro-
bial phytase supplementation to the diets of older hens
was proved to improve production performance,
extend the peak laying period, and alter the egg quality
parameters [33]. Phytase supplementation at 0.12%
non-phytate phosphorus level, was proved to be the
optimum for Swarnadhara breeders to maintain egg
production and egg quality [34]. The egg shell weight,
yolk index and the shelf life of the egg (A-grade) were
the highest in the eggs produced by the birds fed with
P. kudriavzevii FSMP-Y17 phytase. No pigmentation
was observed on the egg surface. Moreover, the broken
egg: total egg ratio was the lowest in broilers birds fed
with yeast enzyme (Table 4).

Effect of phytase on phosphorus content. The supple-
mentation of broilers birds feed with the yeast phytase
resulted in better retention of phosphorus in the birds.
The birds fed with the yeast phytase exhibited 75.12%
phosphorus retention compared to 75.03% in the
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Table 5. Effect of phytase from P. kudriavzevii FSMP-Y17 on phosphorus retention in broilers, experiments have been per-
formed in triplicates and mean values with standard deviation have been represented for overall P retained (mg); and P

retained (%)

Control broilers Commercia.l phytase P. kudriavzevii FSMP—Y17
fed broilers enzyme fed broilers

Day First week | Second week | First week | Second week | First week | Second week
Droppings
Wet weight of droppings, g 451.5 516.15 399.40 454.25 380.35 575.40
Dry weight of droppings, g 370.95 468.20 345.65 414.35 349.40 530.15
Dry matter (DM), % 82.15 90.71 86.54 91.21 91.86 92.13
Ash content, % DM 21.71 10.24 15.55 9.62 8.85 8.53
P content in droppings, mg 750.42 679.16 368.62 224.50 312.95 206.48
Feed
DM consumed, g 1992.4 2728.4 1992.4 2728.4 1992.4 2728.4
P intake, mg 945.48 1505.2 945.48 1505.2 945.48 1505.2
P retained, mg 128.06 £ 0.04 | 466.16 = 0.09 | 499.5 +0.08 | 1129.4 £ 0.08 | 495.8 £ 0.08 | 130.7 £ 0.04
P retention, % 13.55+£0.02 | 30.96 £ 0.01 | 52.83 +£0.01 | 75.03 £0.01 | 52.43 £0.01 | 75.12 £ 0.01

commercial enzyme fed groups and 30.97% in the
control (without phytase enzyme) (Table 5). Further,
adecrease in phosphorus excretion in the poultry feces
was seen upon feeding with a diet supplemented with
the yeast phytase (206.48 mg/g dry matter) compared
to that in the commercial enzyme fed groups
(224.50 mg/g) and the control (679.16 mg/g). From
the observations, it can be seen clearly that the reten-
tion of crude ash by using phytase supplemented diet
(8.53%) was better compared to the diet amended with
commercial enzyme (9.62%) and that without any
enzyme (10.24%) (Table 5). These results indicated
increased availability of mineral components in the
yeast phytase supplemented diet. Similar results were
observed by Vohra et al. [35] in poultry birds, who
reported lesser excretion of ash in the phytase-supple-
mented groups.

* %

Optimization of cultural conditions during SMF
enhanced the phytase production in P. kudriavzevii
FSMP-Y17 significantly. The characteristics of the
extracellular phytase such as thermostability, acid sta-
bility and longer shelf life make it suitable for its appli-
cation in the broilers feed. The addition of the yeast
phytase in the diet of the broiler birds augmented the
nutritive value of the feed by making phytate phospho-
rus available to the birds. The broilers showed an
improvement in the weight gain. No additional phos-
phorus supplementation of the diet was required. The
birds showed higher phosphorus retention, significant
reduction in P excretion, high minerals retention,
enhanced productivity and quality of the eggs. There-
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fore, the enzyme produced by P. kudriavzevii FSMP-
Y17 gave results better or comparable to the commer-
cial phytase even at lower dose. The study showed that
this phytase can be used as an efficient diet supple-
ment in the broilers feed.
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