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Abstract: Phosphorus exists in grains mostly as phytate (myo-inositol 1,2,3,4,5,6-hexakis dihydrogen phosphate)
which required sufficient digestive phytase enzyme to break the molecule and release P. The aim of the study was to
evaluate the effect of phytase on some production variables of lambs fed with finishing diet with high sorghum
content (70%). Thirty two Dorper × Pelibuey lambs (27.45 ± 2.46 kg BW) were completely randomly distributed in
four treatments with 8 repetitions, housed in individual cages and fed ad libitum for 60 d were used. The treatments
were 0, 150, 300 and 450 g phytase enzyme/ton of sorghum grain-based diet. The daily gain was increased (P<0.05)
by the addition of phytase in feed. Feed intake and feed conversion were not affected (P>0.05) by treatments.
However, greater faecal phosphorus was noted with lambs fed on diet without phytase addition. The inclusion of
phytase increased weight gain and reduced the faecal excretion of P. The dose of 150 g phytase/ton had the best
daily gain; however, the dose 300 g phytase/ton had the lowest P excretion in manure.
[G. Buendía Rodríguez, M. D. Montoya Flores, A. F. Sayed, N. I. Ortega Álvarez. Response to Phytase Addition
on Production Variables, and Excretion of Phosphorus in Faeces of Finishing Lambs. Life Sci J
2015;12(2s):33-36]. (ISSN:1097-8135). http://www.lifesciencesite.com. 5
Keywords: Performance trial, phosphorus, phytase, lambs, sorghum.
hydrolysis of the compound, with better utilization of
phytate phosphorus content, reducing the incorporation
of inorganic sources of the element in the diet,
substantially reducing environmental pollution
(Buendía et al., 2010, 2014a,b).
In Mexico, most of the sheep is found in
backyards or grazing, but in recent years, the intensive
production systems of sheep increased based on grains
diets (Candanosa et al., 2005). Therefore, the objective
of this research was to evaluate the effect of exogenous
phytase, at different doses, on some production
variables and faecal excretion of P in Dorper ×
Pelibuey lambs finished on a high sorghum grain diet.

1. Introduction
Recently, environmental regulations related to
ruminants excretion of N and phosphorus (P) have
increased constantly all over the world (Buendía et al.,
2010, 2014a,b). About 60 to 80% of P of cereal grains
and oilseeds is bound to phytic acid in the form of
phytate; a component rarely used by non-ruminants
(Lott et al., 2000) due to low phytase activity. Firstly,
phytase additives were used in diets for non-ruminants
to manipulate P availability and excretion; then, the
exogenous phytase additives were used to reduce
excretion and improve P digestibility in ruminants
(Knowlton et al., 2007; Buendía et al., 2010, 2014a,b).
Phytase is the enzyme that can neutralize phytic
acid and liberates the P. Incorporation of phytase in
ruminant diets allows a significant fraction of P phytate
exploited in the digestive tract by hydrolysis of the
compound, for producing inorganic phosphoric esters
and orthophosphates of high bioavailability (Bravo et
al., 2002). The amount of P in manure is spread on a
crop field, because the limited ability of plants to
extract minerals from the terrain provided by animal
excreta; an excess of the needs causes environmental
pollution (Knowlton et al., 2004). A significant portion
(about 50 to 80%) of P of the diet are ended in animal
excreta (Lang et al., 2009). The importance of phytase
in the feeding of ruminants relates to the ability for the
removal of the antinutritional effects of phytic acid; by

2. Materials and methods
2.1. Study site
Productive performance testing and analysis of
the samples were performed at the Centro Nacional de
Investigación
Disciplinaria
en
Fisiología
y
Mejoramiento Animal (CENID-FyMA), Instituto
Nacional de Investigaciones Forestales, Agrícolas y
Pecuarias (INIFAP), Querétaro, México.
2.2. Animals and treatments
In the current experiment, 32 Dorper × Pelibuey
lambs with initial body weight of 27.45 ± 2.46 kg BW
were distributed in a completely randomized design for
four treatments with eight repetitions each, considering
each lamb as an experimental unit. Four levels of
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phytase (Natuphos 5000G, BASF Mexicana, México
City, México) were used: 0, 150, 300 and 450 g of
phytase produced by Aspergillus niger with 5000 FTU
(phytase units)/g; 1 FTU is the amount of enzyme
which liberates 1 micromole of inorganic phosphate
per minute from sodium phytate at pH 5.5 and 37°C)/
ton of the experimental diet.
2.3. Nutritional management
Lambs were housed in individual cages and fed
with the experimental diets for 60 days plus15 days of
adaptation to the diet (Table 1). The diet was
formulated to meet animal requirements according to
NRC (1994). Lambs had free access to diet (fed at
07:00 and 16:00 h) ensuring orts of 1% of the amount
fed daily, as well as to water.
2.4. Sample collection
The daily feed intake was measured by
subtracting the daily refused feed of the daily offered
feed. Weight gain for lambs were weighed at before
morning feeding after 0, 15, 30, 45 and 60 days using a
digital scale (300 kg capacity, accuracy 0.05 kg). Feed
conversion was calculated with the previous two
variables.
2.5. Laboratory analysis
Samples of diet were analyzed for dry matter
(DM), organic matter (OM), and N according to AOAC
(1995). Neutral detergent fibers (NDF) and acid
detergent fibers (ADF) were determined by Van Soest
et al. (1991) using ANKOM200 Fiber Analyzer unit
(ANKOM Technology Corporation, Macedon, NY,
USA). The NDF was assayed with the use of an alpha
amylase with sodium sulﬁte. Both NDF and ADF are
expressed without residual ash. The concentration of P
in faeces was determined as described by Fiske and
Subbarow (1925).
2.6. Statistical analysis
Data of the experiment was analyzed in a
completely randomized design with four treatments
with evaluating the effect of time using the MIXED
procedure of SAS (SAS 2002, North Carolina, USA).
Orthogonal polynomials were used to test effects of
phytase supplementation levels on lambs. The
following model was used:
Yijk = µ + δi + dij + tk + (δt)ij + εijk
Where,
Yijk = response variable
µ = overall mean
δi = fixed effect of the ith treatment
dij = random effect associated with the jth lamb in
the ith treatment
tk = fixed effect of the kth period
(δt)ik = fixed effect of the interaction of the ith
treatment with the kth period
εij = random error associated with the jth lamb in
the ith treatment and kth sampling time.

3. Results and discussion
The daily weight gain was greater for lambs fed
diet with 150 and 450 g phytase/ton. However, the
control lambs fed on 0 g phytase/ton had the lowered
daily gain. The use of exogenous phytase improved
lambs' weight gain and decreased the concentration of
P in feces. However, feed intake and feed conversion
of finishing lambs were not affected. This may be
probably due to saturation of its ability to hydrolyze the
substrate (Godoy and Meschy, 2000). Moreover,
phytase helped phytic P release and increased weight
gain and decreased phosphorus excretion in faeces.
Moreover, the improved daily gain may be related with
improved nutrients digestibility as reported by Buendía
et al. (2010) who found that total tract digestibility of
DM, NDF and P were linearly (P<0.01) increased as
phytase supplementation level increased in the diet of
Suffolk × Creole crossbreed male lambs fed sorghumbased diets. However, they stated unaffected body
weight, average daily gain, feed intake and feed
conversion by phytase supplementation. Phosphorus
availability may be improved as a result of phytase
supplementation, result in enhanced enzyme systems of
ruminal microorganisms and fermentation kinetics of
structural carbohydrates (Durand and Komisarczuk,
1988). Breves and Schroder (1991) noted that reduced
P in the diet reduced cellulose digestion, microbial
protein synthesis and protein degradation in the rumen.
In a study on exogenous phytase on phosphorus
digestibility in dairy cows, Kincaid et al. (2005) found
that P digestibility of diets with high grain contents was
improved due to phytase supplementation. The results
may be explained based on the synergism occurred
with phytase-producing bacteria, which are the main
starch-fermenting organisms (Knowlton et al., 2007).
Moreover, Gartner et al. (1982) stated that body weight
gain and feed efficiency were improved by P
supplementation to beef heifers diets. Shanklin (2001)
stated increased nutrients digestibility in lambs fed
diets supplemented with phytase exogenous enzyme,
which indicates increased ruminal fluid P concentration
which may have enhanced ruminal microorganism
activity for these lambs.
No effects were observed for phytase
supplementation in the diets of lambs on feed intake
and feed conversion. Dilip (2004) noted no significant
effect on dry matter intake of lactating cows fed diets
containing barley and corn and supplemented with
exogenous phytase.
A greater P excretion in faeces was observed with
the control lambs and lambs fed diet with 450 and 150
g phytase/ton. Phosphorus is an important mineral
element needed for numerous functions in the body
including, bone formation, cell membrane structure,
energy transfer, and structure of nucleic acids. The
main source is animal diets and therefore it is presented
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in manure (Satter et al., 2002). Eeckhout and De Paepe
(1994) stated that more than 60% of the P in sorghum
is found in a form of phytic acid. Dietary
supplementation of animal feed with exogenous
phytase can increase the availability of P from grain
resulted in reduced amount of inorganic P of feeds and
consequently reduces manure P concentration. The
enzyme phytase releases phosphate groups from phytin
result in more P available to the animal, thereby
reducing P excreted from poultry and swine by 15 to
30%. However, the ruminal microbial phytase helps to
increase the P availability in the rumen and increase P
excretion in urine and faeces of finishing lambs when
fed on a high grains in their diet (Harmon and
Britton,1983). In our study, phytase reduced the P
excretion in manure, which reflect better utilization of
P and also not high P content in sorghum grains.
However, Buendía et al. (2010) noted unaffected P
intake and P urine and faeces excretion by phytase
addition to lambs diets.

Table 1. Composition (%) of experimental
basis.
Phytase g/ton
Ingredients (%)
0
150
Oat Straw
18
18
Rolled grain sorghum
70
70
Molasses
10
10
Urea
2
2
Chemical composition (%)
Dry matter
93.72 93.75
Organic matter
96.25 96.24
Crude protein
18.28 18.28
Neutral detergent fibers
19.84 19.83
Acid detergent fibers
8.78
8.78
Ash
3.75
3.76
Calcium
0.64
0.64
Phosphorus
0.31
0.31
Phytic phosphorus
0.21
0.21

Table 2. Effect of phytase in productive variables in lambs Dorper × Pelibuey lambs in finishing stage.
Variables
Phytase (g/ton)
P-value
SEM
0
150
300
450
Linear
Daily weight gain
0 day
191
222
192
192
15 day
177
245
185
198
30 day
165
210
188
210
45 day
192
205
172
213
60 day
190
198
198
192
Average
183b
216a
187b
201ab
12.2
0.042
Dry matter intake
0 day
1002
1250
1010
985
15 day
1270
1080
1205
1110
30 day
1210
987
920
1125
45 day
1172
1292
1025
980
60 day
901
1351
1105
1105
Average
1111
1192
1053
1061
123.6
0.634
Feed conversion
0 day
5.25
5.63
5.26
5.13
15 day
7.18
4.41
6.51
5.61
30 day
7.33
4.70
4.89
5.36
45 day
6.10
6.30
5.96
4.60
60 day
4.74
6.82
5.58
5.76
Average
6.12
5.57
5.64
5.29
0.884
0.500
Fecal P (g/d)
0 day
1.62
1.38
1.24
1.37
15 day
1.62
1.37
1.21
1.35
30 day
1.66
1.37
1.18
1.34
45 day
1.64
1.37
1.20
1.37
60 day
1.66
1.36
1.17
1.32
Average
1.64a
1.37b
1.20c
1.35b
0.071
0.014
a, b, c

diets on a dry

300
18
70
10
2

450
18
70
10
2

93.76
96.27
18.27
19.84
8.79
3.73
0.64
0.31
0.21

93.71
96.25
18.27
19.85
8.80
3.75
0.64
0.31
0.21

Quadratic

0.032

0.851

0.732

0.023

Means in a row with different literal, are different (P < 0.05).

P, contributing the reduction of environmental
pollution caused by phosphorus. The best daily gain
was obtained with the dose of 150 g phytase/ton;

Conclusions
Feed intake and feed conversion of lambs were
not affected by phytase; however, exogenous phytase
increased daily gain and decreased excretion of faecal
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however, the dose 300 g phytase/ton had the lowest P
excretion in manure.
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