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Abstract:

BACKGROUND: Phosphorous is one of the expensive nu-
trients in poultry feed. Therefore, improving the bioavail-
ability of this nutrient in feed ingredients could be effective
for lowering the cost of feed. OBJECTIVES: This study was
performed to evaluate the effect of pre-treatment of feed
ingredients by commercial enzymes and different levels of
pH on the release of phosphorus from phytate under in vitro
condition. METHODS: Three solutions including Distilled
water, HCI 0.5% and HCI 1% (with pH=5.5, 2.12 and 1.88
respectively) and three enzymes (None, Bio-phytase, Rov-
abio Excel AP, and Rovabio Max AP) were used to deter-
mine phytate content of corn and soybean meal. First, each
sample was supplemented with the enzymes and pre-treated
under the above mentioned solutions for 3 h at 25 and 40 °C.
RESULTS: The results indicated that pre-treatment of corn
samples with Bio-phytase or Rovabio Max AP and different
solutions (at 25 °C and 40 °C for 3 h) reduced phytate content
significantly. The best results were obtained with corn sam-
ples supplemented with Rovabio Max AP and mixing by HCI
1% at 25 °C, so that phytate content decreased up to 99.5%
in comparison with control. The same results were also ob-
tained for soybean samples. The highest reduction in phytate
content (up to 47.4%) was observed by adding Rovabio Max
AP and HCI 1% solution at 40 °C. CONCLUSIONS: It could
be concluded that pre-treating corn and soybean meal us-
ing various methods such as commercial enzymes including
phytase and solutions with different pH were effective to re-
duce phytate content, which means increasing the bioavail-
ability of phosphorous.

Introduction

Since the major part of costs in poultry
production is related to feed, minimizing
this part of the costs which depends on feed
ingredients is very important. On the other
hand, phosphorous is usually one of the ex-
pensive nutrients in poultry feed. Therefore,

the amount of nutrients in feed ingredients,
especially available phosphorus, has a very
important role in lowering the cost of feed.

The main form of storage of phosphorus
(P) in plant feedstuffs is phytate (myo-ino-
sitol-hexakis-phosphate or IP6-P) which
contains approximately 60-80% of total
phosphorus in plant feed ingredients (Ders-
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jant-Li, 2015; Kishor Gupta, 2015; Besline
Joshi, 2014; Esmaeilipour, 2012; Ravin-
dran, 1995).

Monogastric animals including poultry
birds produce endogenous phytase to certain
extent. However, this enzyme has minimum
effect on hydrolysis of dietary phytate in the
intestine of poultry due to a number of mi-
cro-environmental factors such as pH of the
site of action (intestine), presence of other
dietary nutrients (divalent cations, amino ac-
ids) and low transit time of digesta. Phytate
forms chelated complex with some mineral
elements like calcium and magnesium and
reduces their availability. Consequently,
with reducing the digestibility of phytate,
considerable quantities of P are excreted in
the manure and lead to polluting the envi-
ronment, poor absorption of mineral and
protein and then high feed cost; unless plant
or microbial phytases are added in the feed.
Despite the low level of phytate content in
feed ingredients, determining its quanti-
ty should be considered in order to supply
the adequate and necessary phosphorus and
also other bivalence like calcium and mag-
nesium. Following the use phytase and its
effect on phytate molecule in feed ingredi-
ents, some nutrients e.g. protein, starch, and
minerals are released better, so they could
be digested and absorbed more easily and
quickly by the birds (Lamid, 2014; Esmaei-
lipour, 2012; Tahir, 2012; Woyengo, 2010).

The amount of phytic acid in feed in-
gredients is varied based on their type and
the environment which they grow. Some
researches show that the proportion of
non-phytate P of total P in feed ingredients
is approximately 33% but for corn is around
40% (Tahir, 2012; Ravindran, 1999). Data
presented in Table 1 show the level of phy-
tate in different ingredients (Tahir, 2012;
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Selle, 2007; Godoy, 2005).

Therefore, it seems that determining the
amount of phytate in feed ingredients is
necessary in order to balance the level of
phosphorus and other elements in ration,
precisely. It allows the nutritionist to for-
mulate the feed efficiently, lower the feed
cost and reduce the amount of P pollution
in poultry excreta (Tahir, 2012; Woyengo,
2010; Cowieson, 2005; Common, 1940).

Exogenous enzymes are usually used to
improve digestibility and nutritive value
of rations including cereals, especially for
poultry. There are several studies to de-
scribe the effects of exogenous enzyme on
nutritional value of nutrients like energy and
protein in diets while just a few researches
pay attention to the effect of enzyme on nu-
tritional value of ingredients, so it is neces-
sary to determine the nutritional matrix of
each ingredient. Therefore, some informa-
tion about the effects of enzymes on nutri-
ents and anti-nutrients availability of feed
ingredients has been shown, permitting us
to improve the diet formulation and making
it more cost-effective (Beslin Joshi, 2014;
Dourado, 2009; Olukosi, 2007; Cowieson,
2005).

Phytase is an enzyme which hydrolyzes
phytate to inositol and inorganic phosphate.
Some cereals like rye, triticale, and wheat
and to a lower extent barley, have some
phytase activity (Viveros, 2000) and also
phytase exists at low level in the chicken
gastro-intestinal tract but it is not enough to
digest all P bounded phytate in diet even if
diets are prepared directly on-farm, without
any heat-treatment. Most diets are used as
pellet form with heat treatment at tempera-
ture above 80 °C that deactivate the enzyme
activity of cereals. Moreover, corn and soy-
bean meal (SBM) which are the main ingre-
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dients used in poultry diet in our territory,
have no enzyme activity. Therefore, it has
been proven that supplementation of diets
with exogenous phytase is effective for
enhancing the P availability, reducing the
requirement of inorganic P to the diet and
hence, the amount of P excreted into the en-
vironment (Woyengo, 2013; Selle, 2000).

Recently, there are several studies on
the effects of using the exogenous phytase
along with combination of other enzymes,
especially the cell wall degrading enzymes.
These enzymes facilitate the access of phy-
tase to phytate and also the release of phy-
tate phosphorus but the results of these stud-
ies were vary (Woyengo, 2010; Kim, 2005).

Non-starch polysaccharide (NSPs) en-
zymes degrade the cell wall of cereals then
the nutrients become more available for an-
imals. In addition, NSPs enzymes reduce
the intestinal viscosity so that digestion and
absorption of the nutrients are accelerated,
which leads to improved poultry perfor-
mance. Some researchers explained that
glycosidases are able to break the NSPs of
the cell wall and thus accelerate the avail-
ability of phytase to the phytate which is
imprisoned in the cell wall (Olukosi, 2007).
Whilst if the phytase is used alone, its ac-
cessibility to phytate will be limited due to
the substrate due to the substrate, which is
imprisoned by NSP matrix (Olukosi, 2007).
In addition, it has been shown that the effect
of xylanase could be better when it is ac-
companied with other exogenous enzymes
including protease, amylase and phytase
(Dourado, 2009; Cowieson, 2005).

Since there is not enough time for diges-
ta to reside in poultry gastrointestinal tract,
enzymes are not enable to hydrolyze the in-
gredients completely. Therefore, benefiting
from a method which increases contact time
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between enzymes and their substrate results
in increased possibility of the positive effect
of enzymes on nutrients, and also according
to some researches, pre-treatment of feed-
stuffs or diets may have a beneficial effect
on hydrolysis of phytate and also other an-
ti-nutritional factors existed in feedstuffs.
Consequently, pre-treatment would be a
great way for using the vast quantity and
variety of raw materials. Besides, it can be
an added value to ration for improving the
quality of diets.

Therefore, the objective of this research
is to evaluate the effects of pre-treatment
of feed ingredients by some factors like pH
and exogenous enzymes (phytase and NSP
enzyme) on content of phytic acid, in order
to enhance the availability and utilization of
phytate phosphorus in vitro conditions.

Materials and Methods

The influence of pre-treatment factors in-
cluding pH and enzyme was evaluated on
the bio-availability of phytate phosphorus
in feed ingredients in two separate exper-
iments. The samples of corn and soybean
meal were supplemented with phytase and/
or NSP enzymes. The design of trial for
both ingredients was similar. Each trial was
done at two temperatures (25 ° and 40 °C).

Experiment 1: the experiment had a
completely randomized design with 3x4
factorial arrangements with three replicates
for each treatment. For this purpose, the
effect of three solutions with different pH
(distilled water, HCI 0.5%, HCIl 1%), and
three commercial enzymes (None, RMAP =
Rovabio Max AP, REAP = Rovabio Excel
AP, Bio-phy = Bio-phytase) were studied
after 3 h. Bio-phytase included (5,000 FYT
U/g of CbS Canadian Bio-system compa-
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ny), and Rovabio AP (22000 U visco /g xy-
lanase & 2000 U AGL/G B- gluconase of
Adisseo company), and Rovabio Max AP
(Phytase 10,000 FTU/g + 22000 of U visco
/g xylanase + 2000 U AGL/G B- gluconase
of Adisseo Company of France).

First, samples of corn were ground and
randomly divided to three groups with 4
treatments in each group with 3 replica-
tions for each treatment. Then, samples of
corn were supplemented with or without
enzymes precisely. In the next step, 3 solu-
tions with different pH (Distillated water,
HC1 0.5% and HCI 1%) with pH=5.5, 2.12
and 1.88 respectively, were added to the
mixture of corn samples and enzymes in
room temperature, then were heated in oven
60°C or kept at room temperature (25 °C)
for 3 h. Then all of the samples were kept
at room temperature overnight in order to
dry (with moisture not more than12%). The
dried samples were prepared to measure
their phytate contents. First, the samples
were extracted with 0.2 normal HCI, then
0.5 ml of extract was transferred into a test
tube. 1 ml of ferric solution was added to the
tube and fitted with a ground-glass stopper.
The tube was heated in a boiling water bath
for 30 min. After cooling in ice water for 15
min. the solution was allowed to adjust to
room temperature. Then 2 ml of 2, 2-Bipyr-
idine solution was added and the contents
of tube were mixed. Absorbance was mea-
sured after 0.5 min. The Bipyridine reacted
with the iron phytate and the color of tube
contents changed (Haug, 1983).

Experiment 2: In the second experiment,
all of the above mentioned steps were con-
ducted with SBM samples.

Statistical analysis: The experiment had
a complete random design with a 3 x 4 fac-
torial arrangement (ANOVA), R software
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Table 1. Phytate phosphorus content of feed ingredients.
Data derived from the study by Godoy et.al. (2005) & Sell,
Ravindran et al (2007).

Feedstuff Total P (g/kg) Phytate P (g/kg)
Barley 2.73-3.7 1.86-2.2
Corn 2.3-2.9 1.7-2.2
Sorghum 2.6-3.09 1.7-2.46
Wheat 2.9-4.09 1.8-2.89
Canola meal 8.79-11.5 4-7.78
Cottonseed meal 6.4-11.36 4.9-9.11
Soybean meal 5.7-6.94 3.54-4.53

(Version 3.0.0).The general linear model
(GLM) was used to determine the main ef-
fects of factors of any possible interaction
between factors using Bonferroni Postdoc
test. Significance was accepted at the P <
0.05 level.

Results

Corn: The results presented in Table 2
indicated that the effects of enzymes and
solutions (with different pH) on the lower-
ing of phytate were significantly different at
both temperatures (25 and 40 °C). At 25 °C,
the effects of enzymes or solutions (differ-
ent pH) alone, and also interaction effects
of enzyme X solution on phytate content of
corn samples were significant (p<0.001).
According to the results presented in Table
3, adding NSP enzymes alone (REAP) to the
corn samples and pre-treatment with differ-
ent pH solutions for 3 h did not affect the
content of phytate except with HCI 0.5%, in
comparison with control. Pre-treated corn
samples supplemented with phytase (Bio-
phy) decreased phytate content (p<0.001).
There were significant differences in phy-
tate content of corn samples supplemented
with phytase alone (Bio-phy) or in com-
bination with phytase + NSP enzymes
(RMAP) when compared with control and
NSP enzymes alone (REAP) (p<0.001).
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Table 2. Analysis of variance for treated corn samples with commercial enzymes and different solutions after 3 hours at 25
and 40 °C. * R Squared = .950 (Adjusted R Squared = .915). ® R Squared = .980 (Adjusted R Squared = .966).

Source 25°C 40 °C
df F P Value df F P Value
Solution 2 8.44 .001 20 11.306 .000
Enzyme 3 156.34 .000 3 384.370 .000
Solution x Enzyme 6 8.715 .000 6 10.329 .000
Error 11 11

Table 3. The mean of phytate content (+ SD') in corn samples treated with commercial enzymes and different solutions after 3
hours at 25 °C. *¢ means within the same columns with common superscripts have no significant differences (p>0.05). 'SD =
Standard deviation, * = Increasing phytate content, ~* = Decreasing phytate content. Bio-phy =Bio-phytase, REAP = Rovabio
Excel AP, RMAP = Rovabio Max AP.

Enzyme Distilled Water Variation to HC10.5% Variation to HC1 1% Variation to
control (%) control (%) control (%)
Without Enzyme 1.32+0.25% 0 1.314+0.08" 0 1.60+0.222 0
REAP 1.43+0.14° *+8.3 1.78+0.40¢ +35.9 1.90+0.09° +18.8
Bio-phy 0.94+0.04 **.28.8 0.08+0.02° -942 0.354+0.03° -78.1
RMAP 0.62+0.57° -53.0 0.21£0.08° -84.0 0.01+£0.00° -99.4

Table 4. The mean of phytate content (+ SD') in corn samples treated with commercial enzymes and different solutions after
3 hours at 40 °C. *¢ means within the same columns with common superscripts have no significant differences (p>0.05).
!'SD = Standard deviation, * = Increasing phytate content, ** = Decreasing phytate content. Bio-phy =Bio-phytase, REAP =
Rovabio Excel AP, RMAP = Rovabio Max AP.

Enzyme Distilled Water Variation to HC1 0.5% Variation to HCI 1% Variation to
control (%) control (%) control (%)
Without Enzyme 0.49+0.00b 0 1.27+0.08a 0 1.26+0.02a 0
REAP 1.15+0.04° **.12.6 1.11+0.01¢ -12.6 1.30+0.05° *+32
Bio-phy 0.29+0.19° -40.8 0.16+0.07° -87.4 0.14+0.10° - 88.9
RMAP 0.12+0.04° -75.5 0.02+0.01° -98.4 0.07+0.03° -94.4

Table 5. Analysis of variance for treated soybean meal samples with different solutions, enzymes after 3 hours at 25 and 40
°C. * R Squared = .950 (Adjusted R Squared =.927). ® R Squared = .969 (Adjusted R Squared = .947).

Source 25°C 40 °C
df F P value df F P value
Solution 2 74.379 .000 2 11.915 .000
Enzyme 3 28.202 .000 3 74.371 .000
Solution x Enzyme 6 6.993 .000 6 2.523 .041
Error 11 11

Adding Bio-phy or RMAP and different pH
solutions to corn samples caused a signifi-
cant reduction of phytate content (p<0.001).

The results presented in Table 4 indicated
that pre-treating corn samples supplemented
with REAP and mixed with distilled water
(pH=5.5) at 40 °C, increased phytate con-
tent in comparison with control while it had
no significant effects with respect to 0.5 and

1% HCI. Adding Bio-phy or RMAP to corn
samples and treatment with HCI 0.5 and
1% decreased phytate contents significantly
(p<0.001) in comparison with control. The
best results were obtained with corn sam-
ples by adding RMAP (Rovabio Max AP)
and pre-treated with HCI 1% at 25 °C, that
phytate content decreased up to 99.5% in
comparison with control.
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Table 6. The mean of phytate content (= SD') in soybean meal samples treated corn samples with commercial enzymes and
different solutions after 3 hours at 25 °C. *¢ Means within the same columns with common superscripts have no significant
differences (p>0.05). ! SD = Standard deviation, * = Increasing phytate content, ™ = Decreasing phytate content. Bio-phy
=Bio-phytase, REAP = Rovabio Excel AP, RMAP = Rovabio Max AP.

Enzyme Distilled Water Variation to HCL 0.5% Variation to HCL 1% Variation to
control (%) control (%) control (%)
Without Enzyme 3.55+0.54* 0 2.05+0.16% 0 2.23+0.03* 0
REAP 2.39+0.02° **.32.7 2.18+0.03* *+6.3 1.95+0.60° -12.6
Bio-phy 2.32+0.23° -34.6 1.87+0.11® -8.78 1.94+0.12* -13.0
RMAP 2.18+0.12° -38.6 1.71£0.08° -16.6 1.95+0.12° -12.6

Table 7. The mean of phytate content (+ SD') in soybean meal samples treated corn samples with commercial enzymes and
different solutions after 3 hours at 40 °C. *¢ Means within the same columns with common superscripts have no significant
differences (p>0.05). ! SD=Standard deviation, * = Increasing phytate content, " = Decreasing phytate content, Bio-phy
=Bio-phytase, REAP = Rovabio Excel AP, RMAP = Rovabio Max AP.

Enzyme Distilled Water Variation to HCL 0.5% Variation to HCL 1% Variation to
control (%) control (%) control (%)
Without Enzyme 3.46+0.00? 0 3.65+0.00° 0 3.4+0.04° 0
REAP 3.55+0.00° **42.6 3.76+0.00° +3.0 3.51+0.18° +3.2
Bio-phy 2.92+0.19° *-15.6 2.39+0.15° -345 2.41£0.01° -29.1
RMAP 2.83£0.16° -18.2 2.42+0.13° -33.7 1.79+0.61° -47.4

Soybean Meal: At two temperatures (25
and 40 °C), the effect of solutions and en-
zymes alone, and also interaction effect of
solution with enzyme on phytate contents
of soybean meal samples were significant
(p<0.001, Table 5).

According to the results indicated in Ta-
ble 6, adding all of the commercial enzymes
to SBM samples and mixing with distilled
water for 3 h at 25 °C reduced the content
of phytate significantly (p<0.001) when
compared with control, while no significant
differences were observed for two other
solutions (0.5 and 1% HCI) (p>0.05). A sig-
nificant difference was observed between
REAP and RAMP enzymes to reduce phy-
tate content of soybean meal samples.

At 40 °C, supplementing soybean meals
with REAP and different pH solutions did
not affect phytate contents of samples after
3 h (p>0.05, Table 7). SBM samples with
Bio-Phy or RMAP enzymes and mixing
them with different pH solutions decreased
phytate content. The highest reduction in

phytate content (up to 47.4%) was observed
by adding RMAP and treating with HC1 1%
solution and at 40 °C.

Discussion

Chemical compositions of grains world-
wide were measured during several studies.
The results of those researches indicated
some variations in composition of feed in-
gredients. For example, the amounts of phy-
tate-P in different plants are very different.
The reason of these variations could be due
to different factors e.g. genetics, kind of
plants, environmental conditions of grow-
ing plants, process, which are effective on
availability of phosphorus in poultry. Sim-
ilar results had been reported for chemical
composition of feed ingredients which were
used for preparation of poultry rations in
Iran. For example, crude protein, calcium,
and non-phytate phosphorus of corn sam-
ples could be in the range of 7.5 to 9.0, 0.1
to 0.2, and 0.8 to 1.2 gr/kg, respectively (Ta-
hir, 2012; Liu, 2011; Steiner, 2007; Ravin-
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dran, 2006; Godoy, 2005; Kwanyuen, 2005;
Lumpkins, 2005).

Corn and soybean meal are the two main
ingredients in poultry rations. Phytic acid
is generally aggregated in aleurone layer
of monocotyledons like wheat, barley, rice,
etc. Among the cereals, corn is different
and the greatest proportion of phytic acid is
found in germ (Tahir, 2012; Godoy, 2005).

Moreover, Zhou et al. (1992) declared
that using the levels of Phosphorus as fertil-
1zer 1s an important factor in determination
of phytate-P content in feed ingredients.
Significant regression is observed between
phytate-P and total P in corn and soybean
meal. It has been reported that phytate-P
contents in corn samples were approximate-
ly 0.034% lower than the value in NRC,
while for soybean meal samples they were
approximately 0.151% higher (Tahir, 2012;
Steiner, 2007; Cowieson, 2005).

Hidvegi et al. (2002) reported that cere-
als had a lower phytic acid content while its
amount was higher in legume; so that max-
imum contents were 1.42g/100g and 1.75
g/100g, respectively. In addition, interaction
between protein and phytic acid depends on
pH and aggregation of protein (Rajendran,
1989; Schwenke, 1989), not the amount of
phytic acid or this effect is very negligible
(Hidvegi, 2002; Rajendran, 1989; Schwen-
ke, 1989).

The results of present study indicated that
the effect of solutions (with different pH)
and commercial enzymes on the amount
of non-phytate phosphorus released from
phytate was significantly different at both
temperatures (25 and 40 °C). According
to some researches, in vitro pre-treatment
of feedstuffs or diets may have beneficial
effect on hydrolysis of phytate (Newkirk,
1998) and also other anti-nutritional fac-
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tors existed in feedstuffs. Esmaeilipour et
al. (2013) showed that soaking of broiler
diet (in vitro conditions) improves phytate
degradation, especially with increasing the
time of soaking. Also, the result of pres-
ent study indicates that pre-treating with
HCI solutions had a better positive effect
on decreasing the phytate content of corn
and SBM sample when compared with dis-
tilled water. Other studies also determined
the soaking of feed ingredients in citric acid
was more effective in comparison with de-
ionized water. Dephytinization or pre-treat-
ment of feedstuffs with phytase could also
be a good way, as soaking of feedstuffs
prior to feeding might improve digestibili-
ty of P compared with dry feeding, because
of providing a longer time for contact be-
tween phytate and phytase. Indeed, the de-
phytinization of individual feed ingredients
has been shown to increase nutrients avail-
ability in chickens. However, the conditions
of pre-treatment, like higher temperature
and duration of incubation might affect the
stability of enzyme (Esmaeilipour, 2012).
On the other hand, Denstadli et al. (2006)
reported that combination of low tempera-
ture and high moisture degraded the highest
amount of phytate during incubation while
moisture at high temperature had negative
effect on enzyme stability.

The results of this study were consistent
with the previous researches which showed
that the effect of phytase along with soak-
ing of feed ingredients on breaking of phy-
tate phosphorus was dependent on the type
of feedstuffs. Soaking of feed ingredients
in water increased digestibility of P due to
increasing contact time of phytate-P and
exogenous phytase (Esmaeilipour, 2012;
Blaabjerg, 2010). These findings are com-
pletely in agreement with the results of pres-
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ent study. According to the results of current
experiment, combination of exogenous en-
zyme with HCI solutions had a better effect
on decreasing phytate content of corn in
comparison with SBM in the similar con-
dition. Moreover, it has been demonstrated
that interaction between phytase and soak-
ing time (in water) had significant effects
on breaking the phytae-P in SBM, while
phytase with or without xylanase had no
significant effect on degrading of phtate-P
in wheat (Esmaeilipour, 2012; Blaabjerg,
2010).

In addition, it has been reported that ce-
reals intrinsic phytases were stable at pH=3
- 5.5, while they were more sensitive to
pH=8, so were degraded more easily. In-
creasing temperature reduced stability of
intrinsic phytase of cereals. Incubation time
of cereals in high temperatures was also
a very important factor for stability of in-
trinsic phytase leading to decrease in the
enzyme activity. Therefore, the availability
of phosphorus in diets increased (Esmaeili-
pour, 2012). The results of present study are
approved with Esmaeilipour et al. (2012),
because the reaction of feed ingredients is
generally different at various conditions.
It could be due to several reasons includ-
ing the location of phytate-P and phytase in
grain and also their quantities.

Using the exogenous phytase along with
the combination of other enzymes may facil-
itate the release of phytate phosphorus (Lu,
2013; Slominski, 2011). For example, phy-
tate is concentrated in the aleurone layer of
wheat (Ravindran, 1995) and xylanase may
simplify availability of phytase to substrate
in the aleurone. The combinations of phy-
tase and various enzymes may be similar-
ly advantageous for other feed ingredients
(Cowieson, 2005). Researchers documented
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that combination of carbohydrase and phy-
tase could facilitate the access of phytase to
its substrate (Juanpere, 2005). In corn, phyt-
ic acid is located in the germ but in SBM is
found in protein bodies of the seed. Solu-
bility and accessibility of phytate salts and
proteins from different feed ingredients and
their effects on the extent of protein-phytate
complex formation, coupled with variation
in effectiveness of phytase in different diets
(Selle, 2007). Thus using protease enzymes
along with phytase may reduce the variabil-
ity in phytase efficacy and maximize release
of P from phytate.

However, the current research shows that
the combination of phytase with NSPase
enzyme had a better effect on decreasing the
phytate content of corn and SBM but this
difference was not significant. Supplemen-
tation of poultry diets with NSP-degrading
enzymes and phytase might decrease the
anti-nutritional effects of NSPs and phyt-
ic acid. NSPs can limit the accessibility of
phytase to phytate (Kim, 2005). Therefore,
NSP enzymes and phytase may act synergis-
tically for improving nutrients utilization in
poultry diets. NSP enzymes can hydrolyze
NSPs to increase the availability of phytate
for phytase. Cowieson et al. (2005) reported
that using NSP enzymes like xylanase may
hydrolyze the arabinoxylans in cell walls,
so the release of encapsulated nutrients and
their absorption will be increased (Oluko-
si, 2007; Cowieson, 2005). In addition, it
seems that the lack of significant response to
combination of phytase and NSPs enzymes
(Xylanase, B-glucanase), might be due to
low availability of substrate or inactivate
of enzymes. It has been reported that gly-
cosidases break down non-starch polysac-
charides present in cell walls, then phytase
would be able to access intrinsic phytate in
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cell wall. If phytase is used alone, accessi-
bility to phytate will decrease, because it has
been surrounded by NSP matrix. Besides,
xylanase can hydrolyze the bond of soluble
fiber. Then phosphorous and other minerals
might be released and absorbed easily by
animals (Olukosi, 2007; Coweison, 2005,
2010).

There are several reports that indicate
adding the carbohydrases and phytase to
ration increases the nutrients bioavailabili-
ty and also performance of poultry (Adeo-
la, 2010; Woyengo, 2010; Jia, 2008; Mori,
2007). Further, Juanpere et al. (2005) and
Cowieson et al. (2010) declared that phy-
tase along with B-glucanases decreased the
excretion of calcium in the rations based on
corn and barley. In addition, it may better
to combine xylanase and glucanase in corn-
soy based diets in broiler for maximizing
the result of using NSP enzymes.

Dourado et al. (2009) determined that
combination of phytase, xylanase, amylase
and protease increased apparent metab-
olizable energy of corn but they were not
effective on true metabolizable energy of
SBM. Our result also shows that the effect
of phytase and also phytase combined with
NSPase decrease the phytate content in corn
more than SBM.

Pre-treatment of corn in the solutions
with different pH (including distilled water,
and 0.5 or 1% HCI) at 25 and 40 °C could
enhance the release of phosphorous from
phytic acid and increase its bioavailability
when supplemented with Bio-phytase (Bio-
Phy) or Rovabio Max AP (RMAP).

With respect to SBM samples the high-
est bio-availability of phosphorous was ob-
served by pre-treatment with HCI 1% solu-
tion at 40 °C and supplementing Rovabio
Max AP.

Iranian Journal of Veterinary Medicine

According to the results of this study it
could be concluded that pre-treating of feed
ingredients (corn and SBM) of poultry diets
using various methods such as using some
commercial enzymatic products (includ-
ing phytase) and solutions with different
pH were effective to decrease the remain-
ing phytate content in feed ingredients. It
means that bioavailability of phosphorous
increased.
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