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ABSTRACT:

Phytic acid, the main storage form of phosphorauglants cannot be digested by monogastric aniraads is
excreted into environment. This compound also mtisiatritional effect due to its negative chargeishhmakes it
able to chelate minerals and organic elementsdiédeium, iron, zinc and amino acids to provoke ra#ition.
Alarming increase in eutrophication and cost of pe@mentation of feed has necessitated a need to flmo
alternative solution to overcome these problemgtde enzymes have been considered for degradztiomytate
content in feed stuff. Another approach is expmssf microbial phytase gene in crops to reduce phgtate
content without increasing fodder cost. The ainthes paper is to provide recent development witlard to phytic
acid, its structure and biosynthesis, antinutritioand environmental effects, microbial phytaseyere as a
bioresource for food supplementation of non-rumiaamd expression of microbial phytase gene intplan

Keywords. Phytic Acid, Microbial Phytase, Biotechnological péipation, Transgenic Plants, Environmental
Pollution, Malnutrition

1. INTRODUCTION

Phytic acid Myo-inositol (1,2,3,4,5,6) aleuronic cell layer [3, 4]. In addition to its eol
hexaphosphoric acid, IP6) is the main storage as storage form of phosphorous, it acts as an
form of phosphate as energy source and antinutrient agent by chelating divalent cations
antioxidant for the germinating seed in all (Zn?*, F€¢*, and Md") due to its negative charge
cereals, legumes, nuts and oil seeds which preventing the uptake of these minerals [5, 6].
accounts for 60-90% of the total phosphorus [1]. Figure 1 shows structure and interaction
Table 1 shows total phosphorous and proportion possibilities of phytic acid with cation and
of phosphate phytate in plants or plant byproducts proteins. Lower inositol phosphates are also
[2]. involved in stress responses and intracellular
Phytate, the salt form of phytic acid, is stored in signaling. It has been reported that the amount of
protein storage vacuoles in the embryos or seedphosphorous in plant phytates might be sufficient
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to meet the requirements of feeding animals [7]. [2.STRUCTURE AND BIOSYNTHESIS
However, non-ruminants animals such as poultry, Inositol phosphates consist of an inositol ring and
fish and human have very low or no phytase at least one phosphate group (Fig 1). Six groups
activities in their digestive tracts so they aré no of phosphates inMyo-inositol (1,2,3,4,5,6)
able to utilize the phosphorus from phytate [8]. hexéisphosphate have been attached to the
This type of phosphorous is then excreted into the inositol ring. Using the prefix “hekés’ instead
environment  causing serious threat of of “hexa” indicates that the phosphates are not
phosphorous pollution in regions where animal internally connected and the compound is
production is intensive. Phosphorous pollution consequently a polydentate ligand, which is a
accelerates the process of eutrophication. The chelator that can bind to more than one
outcome of this event would be the lake's coordination site of the metal atom. Each of the
biological death, cyanobacterial blooms, hypoxia phosphate groups is esterified to the inositol ring
and death of aquatic animals due to depleted and together they can bind up to 12 protons in
bioavailable oxygen and production of nitrous total [10, 11].
oxide, a potential greenhouse gas [9]. To escapeGenerally, three main features of phytic acid are
from antinutrient behavior of phytic acid and responsible for its involvement in a number of
improvement of feed quality of crops, several metabolic processes in eukaryotes: its chelating
approaches have been investigated and suggestedproperty; its ability to function as a phosphate
Figure: 1. Structure of phytic acid and its interaction with donor/acceptor which makes it
Cation and proteins [5]. ubiquitous/abundant in numerous cell systems;
'{‘I’IE+ OH the lower inositol phosphates are also involved in
T - a number of cell signaling pathways and it may
0 0=pP=0 act as a precursor for such compounds [10].
1 The chelating property of the phosphate groups
(]:P—U 0 o '?_n_l_ causes phytic acid to bind readily to cations. The
! i - degree of the mineral cations to form complexes
HO D=P_” in vitro with inositol phosphates has been found
' to be of the order: GtpZn*>Cd** for all InsP3-
InsP6 at pH 3 to 7, however, binding strength is

O=P=0) 0 weaker for the lower inositol phosphates [12].
I - | Similar binding assays using only phytic acid and
te 0 o 0 —Pp —0H none of the lower inositol phosphates showed the
- n . , order Cd"™> Zr*">Ni*>Cd*">Mn*>Fe">Cd"
0-P=0D () HN-C-O-~protein and  ZRSCRSCESMZ>CE in two
Mg'. {I}- independent studies [10].

Two pathways are considered for biosynthesis of
Here we review the structure and biosynthetic Phytate; lipid dependent and lipid independent. In
pathway of phytic acid followed by evaluating the former route, phytate is obtained from the
the potential of different strategies for reducing successive phosphorylation of Ins(1,45¥nd
the phytate content from food stuff and [Ins(1,3,4)B Later compound is released from

nutritional aspect of microbial phytase for PtdIns(4,5)R (phosphatidylinositol 4,5-
feeding of poultry and fishes. biphosphate) by the action of a specific
[Table-1] phospholipase C. The phosphorylation steps are

catalyzed by two enzymes: an Ins(1,4:3375-
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/6-kinase, which has been isolated from
Arabidopsis thalianancoded by two
genesAtIPK2q andAtiPK28; and an inositol
polyphosphate 2-kinase, encoded by
theArabidopsis AtIPKIgene. All these enzymes
can catalyze the conversion of several inositol
phosphates [13].

Second pathway relies on the phosphorylation
of myainositol or Ins(3)P. The biosynthesis of
phytate following this pathway has only been
reported in the aquatic monocotyledonous
plantSpirodela polyrhiz414]. It differs from that
reported in the slime moulictyostelium
discoideunwhich goes via Ins(3,4,5)fstead of
Ins(3,4,6)Rin this pathway. Ins(3)Ran be
obtained from two different routes: either the
conversion of glucose-6-phosphate nmyo
inositol. The initial substrate of the first reacti

3-phytases (EC 3.1.3.8) are the largest group of
phytases to date and generaly are found in
microorganisms, fungi and bacteria. The structure
of most 3-phytases shows homology to histidine
acid phosphatases (HAP) orB-propeller
phosphatase (BPP). The latter is tightly bound to
three Ca ions and needs two adjacent phosphate
groups to bind to the “affinity site” and “cleavage
site” before hydrolysis and producdhe end
products inositol-triphosphate-either Ins(1,3,5)P3
or Ins(2,4,6)P3 [20, 21], however, Oh (2006)
reported that Ins(2,4,6)P3 is the sole end product
[22]. Most phytases isolated from plant, bacteria
and fungi belong to the HAPs which contains two
phytase subgroups: some of them show broad
substrate specificity and low specific activity for
PA, whereas second group has narrow substrate
specificities and high specific activity for PA.IAI

is glucose 6- phosphate that is obtained either members of the histidine acid phosphatases class

from photosynthesis or carbohydrate storage
products. This reaction is performed by an Ins
(3) P1synthase (MIPS)[15] and The second
reaction is catalyzed by maycinositol kinase
[16].

2. Phytases

The term phytase n{ycinositol (1,2,3,4,5,6)
hex&isphosphate phosphohydrolase) is defined
as a class of phosphatases with thevitro

share two conserved active site motifs,
RHGXRXP and HD, and can hydrolyse metal-
free phytate in the acidic range of pH [23].

2.2. EC 3.1.3.72: the 5-phytase

The 5-phytase (EC 3.1.3.72) has been reported
till now is only from lily pollen. The amino acid
sequence homology of its active site is higher
towards multiple inositol  polyphosphate
phosphatase (MINPP) from mammals like human

capability to release at least one phosphate fromand rat [24].

PA, thereby releasing phosphate and lowering
inositol phosphates and potentially chelated
minerals. The earliest report of a phytase activity
is from the blood of calves [17].

2.3. EC 3.1.3.26: the 4/6-phytases

This group of phytase act on the carbon atoms
next to C5 of the inositol ring. Purple acid
phosphatase (PAP), the ADP phosphoglycerate

Three classes of phytase enzymes have beerPhosphatase (related to EC 3.1.3.28), and as

acknowledged by IUPAC-IUBMB (the
International Union of Pure and Applied
Chemistry and the International Union of

Biochemistry and Molecular Biology) [18].
Initiation of phytic acid dephosphorylation at
different positions on the inositol ring is done by

these enzymes, and it produces different isomerscan be divided

of the lower inositol phosphates [19].
2.1. EC 3.1.3.8: the 3-phytases
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HAP-class is also involved in this group.

Generally, the 4/6-phytases are most active in
acidic environments (pH 4-6) with a temperature
optimum in the range 40-60°C [23].

3. Strategiesfor reducing Phytate effect

The strategies for reducing the effect of phytate
into two main categories;

transgenic  approach and  non-transgenic

approach.
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As it has been mentioned earlier monogasteric promoter was used to derive phytase gene, and
animals are not able to utilize the phosphorous tobacco PR-S signal peptide and KDEL sequence
from phytic acid. To meet the nutritional needs of for retention of secreted proteins in the
animals, farmers often supplement the feed either endoplasmic reticulum (ER). Phytase
with an available form of phosphorus derived accumulation in transgenic seed was 2.6 % of the
from rock phosphate or with phytase, which total soluble proteins [31]. Barleg-amylase
degrades feed phytate after ingestion to releasesignal peptide has been fusedpioyA gene for
phosphorus  for uptake. @ However, as localization of phytase enzyme in apoplast of
supplementation is costly, an attractive transgenic wheat [32, 33Expression ofphyA
alternative is to deal with the problem at its from Aspergillus ficuumin alfalfa resulted in
source by developing low phytate crops. Phytase production of phytase at concentrations of 1.5 %
enzyme can be expressed in plants to produceof the soluble protein [34]. In addition to
functional recombinant proteins at high level introduction of phytase gene in plants, another
[25]. Transgenic tobacco, wheat, corn, soybean, strategy was used by Shi and his colleagues for
alfalfa, canola, rice and Arabidopsis have been decreasing the phytate content of maize and
generated by expression of exogenous phytasesoybean seeds. In this strategy, the ATP-binding
gene. Efforts for developing seeds by expression cassette (ABC) transporter which is a key
of different microbial phytase genes have been contributor to phytic-acid accumulation was
shown in table 2. The first report of expression silenced and high-Pi transgenic maize seeds were
of the microbial phytase gene in plants was generated [70]. Creation of transgenic livestock
reported by Pen et al [26]. Thp-propeller has been as an attractive strategy to the
phytase fromBacillus subtilis fused to carrot  degradation of phytic acid by monogastric
extension signal peptide was expressed in animals. Up to 75% reduction in phosphorous
tobacco for root-specific secretion [27]. A excretion was observed in transgenic pigs that
minimal linear phytase gene cassette with T- constitutively secreted microbial phytase from
DNA borders without selection marker was their salivary glands [35]. The need for inorganic
introduced into soybean through the pollen tube phosphorous supplementation for growing these
pathway [28]. animals was decreased to almost zero. Generation
The highest activity ofphyA which had been of transgenic chickens also has been
amplified from Aspergillus awamoriwas 150 experimented using expression of avian MINPP
U/mg protein, compared to 56 U/mg protein in phytase. These approaches would overcome
untransformed controls. In another studfPhyA public scepticism towards “foreign” proteins in
gene fromAsperigillus ficuumwas transformed  the food [10, 36]. Expression of salivaappA

into soybean under control dfrabidopsis Pk{0 phytase gene derived froB coli reduced fecal
gene promoter. In this study, the carrot extension phosphorus by 11% [37].

signal peptide was used for root-specific Apart from gene manipulation for improving the
secretory expression 8ffPhyAgene [29]. phytate content in plant materials, some other
Seed-specific cruciferin cfuA) promoter was techniques also have been investigated to reduce

used to derive phytase gene fused to cruciferin
signal peptide sequence for specific secretion into
the seeds [30]. The phytase activity was 600 U/g
per mass of seed. A modifiegghyA gene
according to the codon usage Brffassica napus
was overexpressed in canola. CaMV 35S
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the phytic acid content. As phytate is water
soluble so a significant phytate reduction can
occur after soaking the seeds followed by
discarding water. This process may last for a few
minutes or for long period overnight. Since the
endogenous phytase also contributes to phytate
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reduction, temperature and pH value have phosphorus content in rations for pigs and poultry
significant effect on phytate degradation during by 1 to 1.5 g/kg [47, 48]. In maize/soya-based
soaking [38]. When the soaking step was carried diets that are low in P even this concentration of
out at temperatures between 45- 65 °C and pH phytase may be much lower than the potential
values between pH=5.0 and 6.0, 26-100 % of optimum [49]. If the corresponding amount of P
phytate was enzymatically hydrolysed [39, 40]. is reduced in the ration the corresponding
Phytic acid is heat stable so destruction of pleytat phosphorus amount under these conditions will
during cooking is not expected to occur [38]. The not be excreted in the feces [50]. It has been
use of plants containing heat stable endogenousdemonstrated that phytase can significantly
phytases or addition of exogenous one may reduce the endogenous secretions, measured as
improve phytate dephosphorylation during sialic acid (SA), from broiler chickens [51, 52].
cooking. Other researches show that increased
Germination can breakdown antinutrients such as concentration of SA is associated with health
phytic acid in legumes and cereals because duringproblems like bacterial infections, cellular
this process phytate degrading activity is senescence, and osmotic fragility [52]. Poultry
promoted [41]. However, long time period is species have different ability to utilize plant

needed for improvment of minerals based P because their intestinal absorption
bioavailability during germination, so this characteristics are not same [53]. Studies have
approach can be applied in household shown that phytate hydrolysis in the intestine

applications and does not seem to be a usefuldepends on several factors such as phytase
method for reducing the phytate at industrial level activity of the feed ingredients [54], intestinad p

[38].

Lactic acid bacteria, moulds and yeast which are activity [57].

the major fermentation microorganisms are
beneficial in elimination of phytic acid and other
antinutrient compounds.
shown that lactic acid bacteriaRhizopus
oligosporus and Aspergillus oryzaewhich are

used in fermentation process produce phytate-

degrading enzymes and contribute significantly to
phytate degradation [42, 43, and 44].

4. Dietary phytase supplementation for
poultry and fishes and impact on environment
Supplementing the diets with extrinsic microbial

[55], microflora [56], and endogenous phytase
Cowieson and V. Ravindran

reported that the flow of endogenous amino acid
markedly increases with the ingestion of phytic

Some studies have acid; however, microbial phytase reduces this

adverse effect on endogenous investment [58].
The modern broiler strains are genetically potent
to deposit lean tissue compared to fat, so the
phytase supplementation would enhance the
ability of these broilers to meet this potential
[59].

Diets fortified with phytase could increase bone
phosphorous, bone calcium and bone ash

phytases has become a promising alternative allcompared with pigs which were fed with

over the world to enable dephosphorylation of the
dietary phytate [45]. Supplementation of
microbial phytase to diet of monogasteric animals
including poultry and fishes not only reduces

phosphorous excretion and  substantially
environmental pollution but also improves
minerals and amino acid availability,
performance and energy [46]. Addition of

unsupplemented phytase diets [60, 61]. It has
been reported that 30- 50% of dietary phytate P
can be released by exogenous phytase
supplementation allowing reductions in dietary
non-phytate phosphorous of 0.1-0.2%, and
decreasing fecal P concentrations from 35 to 50%
[61]. Although there is a potential possibility of

releasing the phosphorus in the soil if phytase

phytase supplement of 500 FTU reduced the total €nzyme is excreted in the feces but it has been
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demonstrated that like any other protein source diet [67]. In Atlantic salmon, soy-protein
exogenous phytases are completely inactivated concentrate treated with phytase improved
during digestion processes. So such excrementsprotein digestibility and retention [68]. Net
can be used as fertilizer even by tenfold overdose protein utilization also increased when microbial
because they do not increase the solubilization of phytase supplementation in the dietRaingasius
phosphorus in the soil [50]. pangasiuswas added. Furthermore, digestibility
As has been mentioned earlier release of of dry matter, crude protein and phytate-protein
phosphorous from livestock to the ecosystem complexes were improved by dietary phytase
causes eutrophication. The impact of supplementation [69].

phosphorous excreted from fishes is even more 5, CONCLUSION

important than other animals because it is Increasing world population needs more and
released to the water bodies directly causing algal more food which should be obtained from plants
bloom. On the other hand the plant byproducts directly or from livestock who also depend on
are considered as a promising source of protein plants. In both cases intensive cultivation of srop
and energy which can be used for the formulation and animal farming is required to meet the need
of economical and environment friendly of human. Owing to application of phosphate
aquafeeds. However, anti-nutritional factors like fertilizers and feed supplements for these
phytate disturb the physiology of digestive tract, purposes, high phosphorous accumulation takes
limiting the overall fish growth [62]. Among an  place in cultivated and animal production land.
array of methods which were made to liberate pPhosphorus present in most grains and plant by-
phosphorous from phytic acid [63], enzymatic products is generally unavailable to monogastric
hydrolysis of phytate by phytase supplementation animals. Fish excrete phosphorus in soluble and
showed the best result [64]. Supplementation of particulate forms. The soluble forms, organic
corn gluten meal based diets with 750 FTU/Kg of phosphorus and phosphates affect water quality
phytase may prove highly beneficial in directly. The particulate forms accumulate in the
developing cost effective and environment sludge and the phosphorus is released slowly to
friendly aqua feed for major carps [62]. Gatcal the water. Dissolved reactive phosphorus is
studied the impact of phytase supplementation in ysually regarded as the most important factor
the diet of grass carp and concluded that 500- affecting water quality, because it is easily
1000 FTU/Kg levels of phytase supplementation available for phytoplankton growth. This
enhances the phosphorous availability to fish and describes global efforts and policy for
can reduce the phosphorous excretion through equilibrium fertilization; reduction of acid
feces [65]. The improved feed intake and feed deposition and protection of surface and ground
conversion ratio using supplemented exogenous water quality. Microbial phytase supplementation
phytase onLabeo rohita Fingerlings also has in the diet of fish can overcome this problem. It
been reported [66]. makes the chelated phosphorus available to fish
Enrichment of aquafeed with microbial phytase and hence there is less fecal excretion, leading to
increases the bio-availability of phosphorus and |ess environmental pollution. Reduced
decreases its discharge into the aquatic requirement of mineral supplements, thereby
environment, hence causing less pollution [58]. reduce chances of excess inorganic phosphorus
Yan and Reigh delineated higher concentration of getting into the aquatic system. Use of phytase in
ash, calcium, phosphorus and manganese infeed reduces or sometimes eliminates the
bones of channel catfish fed fungal phytase- necessity of mineral supplementation, which also
supplemented diets than the fish fed on a control decreases the cost of feed. Moreover, phytic acid
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has anti nutrient effects and can increase the presence of multivalent cations. Predictionaof

malnutrition particularly in developing countries. neutral  pentainagnesium species under
i cytosolic/nuclear conditions). Inorg. Biochem 99:
Although  phytase was first used for g55g40

environmental reasons, it has now been [3] Storcksdieck S, Bonsmann G, Hurrell RF. [2007]
discovered that there are a range of other Iron-binding properties, amino acid compositiondan

nutritional and health benefits from using these Structure of muscle tissue peptides from in vitro
digestion of different meat sources. Food Sci72:
enzymes. Phytases have been used to generatgpig.go29.

transgenic crops in order to reduce the phytate [4] Loewus FA, Murthy PPN. [2000Myo-inositol
content. These transgenic fodder can be used agnetabolism in plant?LANT SCI150:1-19.

. . . . o . [5] Lei X, Pao K, Elwyn R, et al. [1993] Supplemaht
additives for improving of digestibility of phytic microbial phytase improves bioavailability of digta

acid in animal feed, and thereby phosphate zinc to weanling pigsl. Nutr123: 1117-1123.
excretion from non-ruminants would reduce [6] Graf E. [1983] Calcium binding to phytic acid.
phosphates in manure. These enzymes also havefdric. Food Chen31: 851-855.

been produced commercially as feed [71 Ashton W M, Evans C, William PC. [2006]
Phosphorus compounds of oats, the utilisation of

supplements.  According to the previous phytate phosphorus by growing chicks. Sci Food
experience regarding animal feed Agric11: 722-727.

supplementation with phytases, it has been [8] Fu D, Huang H, Luo H, et al. [2008] A highly pH

. stable phytase from Yersinia kristeensemiioning,
concluded that feeding the same phytase expression, and characterization. Enzyme Microb

concentrations can show different responses Technol 42:499-505
among species, so, phytase concentration has td9] Vats P, Bhattacharyya MS, Banerjee UC. [2005]
be optimized for the individual species. Use of phytases n{yocinositolhexakisphosphate

h Iso limits th . ilabili h phosphohydrolases) for combating environmental
Phytate also limits the protein availability to the pollution: A biological approachCrit. Rev. Environ.

fish. However, it is evident that phytase Sci. TechnoB5:469-486.
supplementation improves the bioavailability of [10] Bohn L, Meyer AS, Rasmussen SK. [2008]

: : : Phytate: impact on environment and human nutrition,
the phosphorus and nitrogen (protein), which are A challenge for molecular breedind.Zhejiang Univ

the main culprits of aquaculture pollution. The g B9:165-191.
increased bioavailability of nitrogen and [11] Cao L, Wang L, Yang, W, et al. [2007]
phosphorus in the diet leads to reductions in feed Application of microbial phytase in fish feed.

ENZYME MICROB TECHO: 497-507.
costs. Though the role of phytase [12] Persson H, Turk M, Nyman M, et al. [1998]

supplementation has been well proven and ginding of Cu2+, Zn2+ and Cd2+ to inositol tri-fr
documented in poultry, its use in fish feed is less , penta, and hexaphosphatdsAGR FOOD CHEM
known, which is due to the pH specificity of 46:3194-3200. ,

h [13] Plant Metabolic Netwo_rk (PMN)
p' ytase. ) ] ) o [http://pmn.plantcyc.org/PLANT/substring-

Like transgenic pigs, generating transgenic fish search?type=NIL&object=phytic+acid+biosynthesis&
and poultry to produce their own digestive quickSearch=Quick+Search], on www.plantcyc.org,

th

endogenous phytase in the digestive tract may beOct 21, 2012. .
. itable in future [14] Brearley CA, Hanke DE. [1996] Inositol
'nev'é ) " ) - phosphates in the duckweed Spirodela polyrhiza L.
As a final point environmental and antinutritional Bjochem B14 (Pt 1): 215-25.
effects of phytic acid are the subjects that need t [15] Shukla S, VanToai TT, Pratt RC. [2004]
be seriously researched Expression and nucleotide sequence of an INS (3) P1

' synthase gene associated with low-phytate kermels i

REFERENCES maize (Zea mays L.J. Agric Food Chen2:4565-70.
[1] Raboy V. [2003] Myolnositol-1,2,3,4,5,6- [16] Shi .J, Wang H, Hazebroek .].. [2005] The maize
hexakisphosphat®hytochemistr4: 1033-1043. low-phytic acid 3 encodes a myo-inositol kinaset tha

[2] Torres J, Dominguez S, Cerda MF, et al. [2005] plays a role in phytic acid biosynthesis in devaigp
Solution behavior ofnyoinositol hexakisphosphate in =~ S€€dsPlant J42: 708-19.

Hassan Rostami and Archana Giri 68



AN OVERVIEW ON MICROBIAL PHYTASE AND ITS BIOTECHNOIOGICAL APPLICATIONS

[17] McCollum EV, Hart EB. [1908] On the
occurrence of a phytin-splitting enzyme in animal
tissuesJ BIOL CHEM 4:497-500.

[18] IUPAC-IUB. [1989] Numbering of atoms in
myo-inositol. Recommendations 1988. Nomenclature
Committee of the International Union of
Biochemistry.Biochem. 258:1-2.

[19] Turk M, Sandberg AS, Carlsson N, et al. [2000]
Inositol hexaphosphate hydrolysis by baker's yeast.
Capacity, kinetics and degradation produdtsAgric.
Food Chen48: 100-104.

[20] Kerovuo J, Rouvinen J, Hatzack F. [2000]
Analysis of myainositol hexakisphosphate hydrolysis
by Bacillus phytase: Indication of a novel reaction
mechanismBIOCHEM J352:623-628.

[21] Shin S, Ha NC, Oh BC, et al. [2001] Enzyme
mechanism and catalytic property of beta propeller
phytase Structure9:851-858.

[22] Oh BC, Kim MH, Yun BS, et al. [2006] C&2
inositol phosphate chelation mediates the substrate
specificity of beta-propeller phytaseBiochemistry
45:9531-9539.

[23] Bohn L, Meyer AS, Rasmussen S K. [2008]
Phytate: impact on environment and human nutrition,
A challenge for molecular breeding.Zhejiang Univ
Sci B9:165-191.

[24] Mehta BD. Jog SP, Johnson SC, et al. [2008] Li
pollen alkaline phytase is a histidine phosphatase
similar to mammalian multiple inositol polyphosphat
phosphatasd?hytochemistr$7:1874-1886.

[25] Gontia |, Tantwai K, Singh Rajput, LRet al.

[31] Peng RH, Yao QH, Xiong AS, et al. [2006]
Codon--modifications and an endoplasmic reticulum-
targeting sequence additively enhance expressian of
Aspergillusphytase gene in transgenic candbant
Cell Repr.25: 124-132.

[32] Brinch-Pedersen H, Olesen A, Rasmussen SK, et
al. [2000] Generation of transgenic wheatitjcum
aestivum L.) for constitutive accumulation of an
AspergillusphytaseMol.Breed.6: 195-206.

[33] Brinch-Pedersen H, Hatzack F, Stoger E, et al.
[2006] Heat-stable phytases in transgenic wheat
(Triticum  aestivum L.): Deposition pattern,
thermostability, and phytate hydrolysi,Agric. Food
Chem54: 4624-4632.

[34] Ullah AHJ, Sethumadhavan K, Mullaney EJ, et
al. [2002] Cloned and expressed fungalyAgene in
alfalfa produces a stable phytagpchem. Biophys.
Res. Commur290:1343-1348.

[35] Golovan SP, Meidinger RG, Ajakaiye A, et al.
[2001] Pigs expressing salivary phytase produce low
phosphorus manureNature Biotechnologyl9:741-
745.

[36] Ward KA, [2001] Phosphorus-friendly
transgenicsNature Biotechnolog$9:415-416.

[37] Golovan, SP, Hayes MA, Phillips JP, et al.2p
Transgenic mice expressing bacterial phytase as a
model for phosphorus pollution controlNat.
Biotechnoll19: 429-433.

[38] Greiner R, Konietzny U, [2006] Phytase for Hoo
Application.Food Technol. Biotechnd4: 125-140.

[39] Fredlund K, Asp NG, Larsson M, et al. [1997]

[2012] Transgenic Plants Expressing Phytase Gene of Phytate reduction in whole grains of wheat, ryeldya

Microbial Origin and Their Prospective Applicatias
Feed.Food Technol. Biotechn&l0: 3-10.

[26] Pen J, Verwoerd TC, Van Paridon PA. et al.
[1993] Phytase-containing transgenic seeds as al hov
feed additive for improved phosphorus utilization.
Nat. Biotechnoll1: 811-814.

[27] Lung SC, Chan WL, Yip W, et al. [2005]
Secretion of b- propeller phytase from tobacco and
Arabidopsisoots enhances phosphorus utilization.
Plant Sci169: 341-349.

[28] Gao XR, Wang GK, Su Q, et al. [2007] Phytase
expression in  transgenic  soybeans:  stable
transformation with a vector-less constrigibtechnol
Lett29:1781-1787.

[29] Li G, Yang S, Li M, et al. [2009] Functional
analysis of anAspergillus ficuumphytase gene in
Saccharomyces cerevisia@nd its root-specific,
secretory expression in transgenic soybean plants.
Biotechnol. LetB1:1297-1303.

[30] Ponstein AS, Bade JB, Verwoerd TC, et al.
[2002] Stable expression of phytagghyA in canola
(Brassica napus seeds: Towards a commercial
product.Mol. Breed10: 31-44.

Hassan Rostami and Archana Giri

and oats after hydrothermal treatmeht,Cereal Sci
25: 83-91.

[40] Greiner R, Konietzny U, [1999] Improving
enzymatic reduction ofmyacinositol phosphates with
inhibitory effects on mineral absorption in blackalms
(Phaseolus vulgarisvar. Preto)J. Food Process.
Preserv23: 249-261.

[41] Greiner R, Muzquiz M, Burbano C, et al. [2001]
Purification and characterization of a phytate-
degrading enzyme from germinated faba be&fisig
faba var. Alameda)J. Agric. Food Chend9: 2234—
2240.

[42] Angelis M, Gallo G, Corbo MR, et al. [2003]
Phytase activity in sourdough lactic acid bacteria:
Purification and characterization of a phytase from
Lactobacillus sanfranciscensi€CB1|nt. J. Food
Microbiol 87: 259-270.

[43] Lopez HW, Ouvry A, Bervas E, et al. [2000]
Strains of lactic acid bacteria isolated from sour
doughs degrade phytic acid and improve calcium and
magnesium solubility from whole wheat floud.,
Agric. Food Chemd8: 2281-2285.

[44] Fujita J, Yamane Y, Fukuda H, et al. [2003]
Production and properties of phytase and acid

69



AN OVERVIEW ON MICROBIAL PHYTASE AND ITS BIOTECHNOIOGICAL APPLICATIONS

phosphatase from a sake koji moldspergillus
oryzae J. Biosci. Bioen@®5: 348—-353.

[45] Jongbloed AW, Kemme PA, Morz Z, et al. [2000]
Efficacy, use and application of microbial phytase
pig production: a review. In Lyons TP, Jacques KA
(Eds.) Proc. Biotechnology in the Feed Industry.
Alltech’s 16th Annu. Symp. Nottingham Univ. Press,
Nottingham, UK. 111-129.

[46] Cowieson, AJ, Acamovic T, Bedford MR. [2006]
Supplementation of corn-soy-based diets with high
concentrations of aBscherichia coliderived phytase:
Effects on broiler chick performance and the
digestibility of amino acids, minerals, and energy.
Poult. Sci85:1389-1397.

[47] Jongbloed AW, Mroz Z, Weij-Jongbloed R. et al.
[2000] The effect of microbial phytase, organicdaci
and their interaction in diets for growing pigs.
LIVEST PROD SC$7:113-122.

[48] Johansen K, Poulsen HD. [2003] Substitution of
inorganic phosphorus in pig diets by microbial @sg
supplementation — a review.Pig News and
Information24:77-82.

[49] Pirgozliev V, Bedford MR. [2012] Energy
utilisation and growth performance of chicken fed
diets containing graded levels of supplementary
bacterial phytaseBRIT J NUTR.Available on CJO
2012 doi: 10.1017/S0007114512000943.

[50] Wenk C, Gebert S, Messikommer R. [2006]
Environmental aspects of the use of microbial pdgta
in the feed for pigs and poultr§lovak J. Anim. Sci
39:59 - 62.

[51] Cowieson AJ, Acamovic T, Bedford MR. [2004]
The effects of phytase and phytic acid on the lfss
endogenous amino acids and minerals from broiler
chickensBr. Poult. Sci45:101-108.

[52] Pirgozliev V, Oduguwa O, Acamovic T, et al.
[2007] Diets ContainingEscherichia cohDerived
Phytase on Young Chickens and Turkeys: Effects on
Performance, Metabolizable Energy, Endogenous
Secretions, and Intestinal Morpholog3OULTRY SCI
86:705-713

[53] Rodehutscord M, Dieckmann A. [2005]
Comparative studies with three-week-old chickens,
turkeys, ducks, and quails on the response in
phosphorus utilization to a supplementation of
monobasic calcium phosphatBoult. Sci 84:1252—
1260.
[54]

Eeckhout W, De Paepe M. [1994] Total

phytase on inositol hexaphosphate hydrolysis in the
chicken.Poult. Sci79: (Suppl. 1) (Abstr.)

[57] Applegate TJ, Angel R, Classen HL. [2003]
Effect of dietary calcium, 25-hydroxycholecalcifgro
or bird strain on small intestinal phytase activity
broiler chickensPoult. Sci82:1140-1148.

[58] Cowieson AJ. Ravindran V. [2007] Effect of
phytic acid and microbial phytase on the flow and
amino acid composition of endogenous protein at the
terminal ileum of growing broiler chicken8RIT J
NUTR98: 745-752

[59] Oluyinka AO, Cowieson AJ, Adeola O. [2008]
Energy utilization and growth performance of bnsle
receiving diets supplemented with enzymes contginin
carbohydrase or phytase activity individually or in
combinationBRIT J NUTR99: 682-690.

[60] O’'Doherty JV, Gahan DA, O’'Shea C. et al.
[2010] Effects of phytase and 25hydroxyvitamin D3
inclusions on the performance, mineral balance and
bone parameters of grower—finisher pigs fed low
phosphorus diet®nimal4: 16341640.

[61] Joshua M, McGrath J, Sims T, et al. [2005]
Broiler Diet Modification and Litter Storage: Imgac
on Phosphorus in Litters, Soils, and Runo#.
Environ. Qual34:1896-1909

[62] Hussain SM, Rana SA, Afzal M. et al. [2011]
Efficacy of phytase supplementation on mineral
digestibility in labeo rohitafingerlings fed on corn
gluten meal (30%) based dieRak. J. Agri. Sci48:
237-241

[63] Hotz C, Gibson RS. [2005] Assessment of home-
based processing methods to reduce the phytate
content and phytate/zinc molar ratio of white maize
(Zea may} J. Agric. Food Chem9: 692-698.

[64] Silva LG, Trugo LC, Terzi SC, et al. [2005] wo
phytate Ilupin flour based biomass obtained by
fermentation with mutant ofAspergillus niger
Process. Biochem0: 951-954.

[65] Gao C, Chuan-bin X, Yan-ling W, et al. [2006]
Application of phytase in diets of grass cakubei
Agricultural Science8: 30-39.

[66] Lei X, Pao K, Elwyn RM, et al. [1993]
Supplemental microbial phytase improves
bioavailability of dietary zinc to weanling pigs. Nutr
123: 1117-1123.

[67] Yan W, Reigh RC. [2002] Effects of fungal
phytase on utilization of dietary protein and maisy
and dephosphorylation of phytic acid in the alinaent

phosphorus, phytate-phosphorus and phytase activity tract of channel catfish Ictalurus punctatus fedakn

in plant feedstuffsAnim. Feed Sci. Techndlr:19-29.
[55] Simon O, Ighasan F, [2002] In vitro propertiefs
phytases from various microbial originat. J. Food
Sci. TechnoB7:813-822.

[56] Kerr MJ, Classen HL, Newkirk RW. [2000] The
effects of gastrointestinal tract micro-flora ardtdry

Hassan Rostami and Archana Giri

plantprotein dietJ. World Aqua. S083: 10-22.

[68] Storebakken T, Shearer KD, Roem AJ. [1998]
Availability of protein, phosphorus and other elese

in fishmeal, soy-protein concentrate and phytase-
treated soy-proteinconcentrate-based diets to titlan
salmon,Salmo salar. Aquaculturg6l1: 365-379.

70



AN OVERVIEW ON MICROBIAL PHYTASE AND ITS BIOTECHNOIOGICAL APPLICATIONS

[69] Baruah K, Sahu NP, Pal AK, et al. [2004] Digta [71] Coulibaly A, Kouakou B, Chen J. [2011] Phytic
phytase: an ideal approach for a cost effective and Acid in Cereal Grains: Structure, Healthy or Harmfu
low-polluting aquafeed NAGA World Fish Center Ways to Reduce Phytic Acid in Cereal Grains and
Quart 27:15-9. Their Effects on Nutritional QualityAmer J Plant
[70] Shi H,Wang K, Schellin B, et al. [2007] Embryo  Nutr Fertil Techl: 1-22.

specific silencing of a transporter reduces phgti

content of maize and soybean seddat. Biotechnol

25: 930-937. TABLES:

Total P {(g/kg) Phytate-P (g/kg) Proportion (%)

Cereals

Wiheat groain 3.07 2.19 T1.6
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Rapeseed meal Q.60 .34 [atam]
Sovbean meal 549 3.88 S99
By-products
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W heat bran 1099 8.36 THe.3
Table: 1. Phytat content in plants and their byproducts
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Table: 2. Transgenic plants expressing microbial phytase

gene
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