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ABSTRACT - Two experiments were conducted to evaluate the performance, the energy and nutrient balance and
economic viability of production of growing pigs fed diets with reduced levels and phytase. In experiment 1, 60 barrows
and gilts (initial weight 25 ± 1.72 kg) were housed in a randomized block design with three diets, ten replicates and two animals
per experimental unit (one male and one female). One of the diets was formulated with a reduced level with phytase and
evaluated in comparison to a positive-control diet that was formulated according to the nutritional recommendations for
animals of this breed, and a negative-control diet without phytase. The different diets did not affect feed intake, but the
diet with phytase promoted better final weight, daily weight gain and feed conversion, although it did not differ from the
positive control diet. In experiment 2, 27 barrows (initial weight 49 ± 3.67 kg) were housed in random blocks with three
diets and nine replicates with experimental plot represented by one animal. The diets did not affect the balance of energy
and nutrients but had a significant effect on the efficiency of utilization of calcium and phosphorus, which was the lowest
in animals that received the positive-control diet. Economic viability improved when nutrients were reduced and phytase
was added in the ration. The addition of phytase (500 ftu/kg) in rations formulated with nutritional levels reduced for growing
swines improves rearing productivity and it is economical viable.
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Redução de nutrientes em rações com fitase para suínos em crescimento

RESUMO - Dois experimentos foram conduzidos para avaliar o desempenho, o balanço de energia e nutrientes e a
viabilidade econômica da produção de suínos em crescimento alimentados com rações com níveis reduzidos e fitase. No
experimento 1, 60 suínos machos castrados e fêmeas (peso inicial de 25 ± 1,72 kg) foram alojados em delineamento de blocos
casualizados, com três dietas, dez repetições e dois animais por unidade experimental (macho e fêmea). Uma das dietas foi
formulada com nível reduzido e com fitase e avaliada em comparação a uma dieta controle positivo, formulada conforme as
recomendações nutricionais para animais da linhagem, e a uma dieta controle negativo, sem fitase. As dietas não influenciaram
o consumo de ração, porém aquela com fitase promoveu melhor peso final, ganho de peso diário e conversão alimentar, embora
não tenha diferido da controle positivo. No experimento 2, 27 suínos machos castrados (peso inicial de 49 ± 3,67 kg) foram
alojados em blocos ao acaso com três dietas e nove repetições com parcela experimental representada por um animal. As dietas
não afetaram o balanço de energia e nutrientes, mas tiveram efeito significativo na eficiência de utilização de cálcio e fósforo,
que foi pior nos animais que receberam a dieta controle positivo. A viabilidade econômica melhorou com a redução de
nutrientes e adição de fitase na ração. A suplementação de fitase (500 ftu/kg) em rações formuladas com níveis nutricionais
reduzidos para suínos em crescimento melhora a produtividade da criação, além de ser economicamente viável.
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Introduction

The search for greater productivity in the swine industry
has led to changes in nutritional plans for diet formulation,
reflecting both the performance of the animal and the
financial return to the producer. Current research studies

focus on improving the efficiency of feed utilization by
aligning the availability of nutrients in diet formulations
with the nutritional requirements of animals.

Phosphorus (P) is the second most common mineral
nutrient required by swines and the third most costly in
diets for these animals (Silva et al., 2008). In foods of plant
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origin, this mineral is present in the form of phytic acid,
which has low availability to monogastric animals because
these animals do not naturally have sufficient phytase in
the gastrointestinal tract. As a result, P-use efficiency is low
for plant-derived foods (Jongbloed et al., 1992).

One possible solution to improve nutrient utilization in
diets for pigs is the use of phytase as a feed additive. In
addition to increasing the phosphorus availability, phytase
increases the digestibility of energy and other minerals and
amino acids, enabling lower nutrient levels to be used in diet
formulation (Zanella et al., 1999). Therefore, diets containing
low levels of protein, energy and minerals but supplemented
with phytase have improved the same animal performance
as diets containing higher nutrient levels.

The development of specific nutritional plans based on
the species, diet composition and physiological stage of a
particular animal can significantly improve profitability
(Shelton et al., 2004). Such plans reflect the real composition
of the ingredients available to the animal, thus reducing the
cost of formulation and yielding more consistent
performance.

In this study, animal performace, nutrient balance and
economic viability of diets for growing pigs with different
levels of nutrients and energy and with or without phytase
supplementation were evaluated.

Material and Methods

Two experiments were carried out in the Departamento
de Zootecnia of Universidade Federal de Lavras, Lavras,
southern Minas Gerais. In the performance trial (Experiment 1),
30 barrows and 30 gilts with an average initial weight of
25 ± 1.7 kg and an average final weight of 50 ± 2.9 kg were
distributed in a randomized-block design with three diets,
ten replicates and two animals per experimental unit (one
male and one female). The criterion used to form blocks was
the weight of the animals. The animals were housed in pairs
in a shed divided into stalls with concrete floors (2.3 × 1.5 m),
equipped with semi-automatic feeders and water troughs,
during the 30-day experimental period.

The experimental diets (Table 1) were composed of corn
and soybean meal supplemented with vitamins, minerals
and amino acids. The positive-control diet was formulated
to meet the nutritional recommendations for the breed of the
animal. The other two diets were formulated to test the
nutritional plan under study; one was supplemented with
phytase (500 ftu/kg diet; obtained from the fermentation of
transgenic Saccharomyces cerevisiae containing genes
from the gram-negative bacteria Escherichia coli and
Citrobacter braakii), whereas the other did not contain
phytase. These two diets contained 0.36% crude protein,

Ingredient Positive control Nutritional reduction

Without phytase With phytase

Corn 68.23 71.0 71.0
Soybean meal 27.2 25.9 25.9
Soybean oil 1 .35 0.31 0.31
Dicalcium phosphate 1.40 0.68 0.68
Limestone 0.740 0.883 0.883
Salt 0.300 0.300 0.300
Vitamin-mineral mix1 0.400 0.400 0.400
L-lysine HCl 78% 0.240 0.253 0.253
DL-methionine  99% 0.070 0.062 0.062
L-threonine 98% 0.050 0.047 0.047
Phytase2 0 . 0 0 .0 0.005
Growth promoter3 0.02 0.02 0.02
Kaolin 0 .0 0.145 0.14
Calculated composition    
Metabolizable energy (kcal/kg) 3255 3220 3220
Crude protein (%) 17.99 17.63 17.63
Available phosphorus (%) 0.356 0.226 0.226
Calcium (%) 0.706 0.586 0.586
Digestible lyisine (%) 1.005 0.990 0.988
Digestible methionine (%) 0.333 0.321 0.321
Digestible threonine (%) 0.649 0.633 0.633
Digestible tryptophan (%) 0.191 0.185 0.185
1 Composition/kg Product: cobalt - 125 mg, copper – 5,000 mg, iron - 17,500 mg; iodine - 200 mg; Mn – 10,000 mg; selenium - 125 mg, zinc – 20,000 mg; niacin –

6,250 mg; folic acid - 150 mg; pantothenic acid – 2,500 mg; Biotin - 12.5 mg; hill - 60,000 mg; vit. A – 2,000,000 U.I.; vit. B1 - 250 mg; vit. B12 – 5,000 mcg;
vit. B2 - 1,000 mg; vit. B6 - 500 mg; vit. C - 12 500 mg; vit. D3 - 300,000 U.I.; vit. E - 5000 IU; vit. K3 - 625 mg; BHT - 500 mg.

2 Enzymatic additive with phytase activity (Genophos - 500 ftu/ kg of diet).
3 Active ingredient - Tylosin granulated.

Table 1 - Composition of the experimental diets
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35 kcal/kg gross energy, 0.13% phosphorus, 0.12% calcium,
0.017% digestible lysine, 0.007% digestible methionine,
0.014% digestible methionine + cystine, 0.016% digestible
threonine, 0.003% digestible tryptophan and 0.014%
digestible valine.

Diets and water were given ad libitum to the animals.
The stalls were cleaned daily, and the feed and wastes were
weighed twice a day to determine feed consumption of each
pair of animals. To measure weight gain, each animal was
weighed at the beginning and at the end of the experiment,
and the feed-conversion ratio was calculated from the
relationship between feed intake and weight gain during the
experimental period.

In the metabolism trial (experiment 2), 27 barrows with
an average initial weight of 49 ± 3.7 kg were housed
individually in metabolic cages (one animal per experimental
unit), as described by Sales et al. (2003), allowing feces and
urine to be collected separately. The cages were stored in
an air-conditioned room, allowing partial control of the
internal temperature at around 22 ± 2.4°C.

Because there were not enough metabolic cages
available for all animals, the experiment consisted of three
consecutive periods of nine days each. The experimental
design consisted of randomized blocks with three diets and
nine replicates (three replicates in each period). Each
experimental unit was represented by a single animal, and
the three diets were the same as the ones used in the
performance test. During each period, the animals were
given a five-day period to adapt to the cages, and total feces
and urine were collected for four days.

The animals were weighed at the beginning and at the
end of each period. Feed were given at 8 a.m. and 4 p.m., and
the total daily amount was established based on the body
metabolic weight (BW0.75). The amount of feed was
adjusted to the consumption of the animal with the lowest
intake observed during the adjustment period so all animals
would consume equal amounts of nutrients in relation to
their metabolic weight. Ferric oxide (Fe2O3) was used as a
marker for fecal material, and feces were collected every
morning and afternoon, packed in plastic bags and stored
in a freezer (-20ºC). Later, the fecal samples were stored at
room temperature until they had thawed and then they were
weighed and mixed. An approximately 600-g sample from
each collection was oven-dried  (65ºC) and exposed to air for
an hour to balance moisture content at room temperature.
The dried sample was weighed again to determine its original
moisture content. After weighing, the sample was milled
and packaged in glass for laboratory analysis. Similarly,
urine was collected daily using a plastic bucket with a filter.
The bucket contained 20 ml of hydrochloric acid (HCl) 1:1

to prevent bacterial growth and a possible nitrogen loss.
Distilled water was added to the total urine collected from
each animal to standardize the volume collected. From this
total daily sample, 10% of the standardized volume was
removed and frozen (-20ºC) for further analysis.

Gross energy content was determined by combustion
in a PARR model 2081 adiabatic bomb calorimeter (AOAC,
1995). From the results of laboratory analyses of the diets
and excreta, it was calculated the coefficients of dry-matter
digestibility, apparent digestibility of energy, gross
digestible energy and metabolizable energy.

The Kjeldahl method was used to determine the nitrogen
content in the feed, feces and urine, according to AOAC
(1990), and dry-matter content (except for urine) and total
nitrogen were calculated using the methods of Silva &
Queiroz (2002) to determine the amounts of nitrogen
absorbed and retained by the animal.

Calcium and phosphorus levels in the feces and diets
were analyzed by using acid digestion with nitric and
perchloric acid (1:2). After that, they were filtered to obtain
a mineral solution. Phosphorus and calcium readings were
obtained by using colorimetry and atomic absorption,
respectively, according to AOAC (1990), for later
determination of calcium and phosphorus balance. All tests
were performed at the Laboratório de Pesquisa Animal at
UFLA.

To analyze the economic feasibility of phytase
supplementation in low-nutrient diets for growing pigs,
total cost was calculated as described by Cantarelli et al.
(2009).

Data were submitted to analysis of variance using the
statistical package SISVAR (System for Analysis of Variance
for Balanced Data), developed by Ferreira (2000). To
compare different treatments and to interpret the results,
Scott-Knott test at the 5% significance level was used.

Results and Discussion

Phytase supplementation had no effect (P> 0.05) on the
feed intake of the animal (Table 2). This result was expected
because the energy composition of the diet did not differ
much (35 kcal) between the positive-control diet and the
low-nutrient diets. According to Kerr et al. (2003), differences
in energy content of less than about 124 kcal are too small
to influence feed intake.

These results are consistent with those obtained by
Figueiredo et al. (2000), who also observed no significant
effect of phytase supplementation on feed intake for growing
pigs. Moreover, Veum et al. (2006) compared swine diets
containing adequate levels of phosphorus and no phytase
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(positive control) to diets that were 0.15% deficient in
phosphorus and supplemented with various levels of
phytase or without phytase (negative control). Those
authors observed that the feed intake of the animals increased
at the highest levels of phytase supplementation compared
to the positive control.

Phytase supplementation significantly affected (P<0.05)
body weight and daily weight gain. The reduced-nutrient
diet supplemented with phytase promoted the best animal
performance but did not differ significantly from the positive-
control diet. These results are consistent with those obtained
by Lei et al. (1993), who also found positive effects of phytase
supplementation on the weight gain of growing pigs. Many
other studies have shown positive effects of phytase on the
performance of pigs (Kies et al., 2006; Veum et al., 2006).
According to Choct (2006), the presence of phytase in the
diet can increase phosphorus availability in foods by 70%.

The results for weight gain indicate that phytase
supplementation in low-nutrient diets is effective in
addressing the nutritional requirements of pigs through
increased availability of organic phosphorus in the diet.
Animals fed such a diet did not differ from those fed diets
with the recommended nutrient levels.

Phytase also influenced (P <0.05) feed conversion,
improving the performance of animals fed the low-nutrient
diet, but with no significant difference from the positive-
control diet. This improvement is probably related to the
increase in daily weight gain because feed consumption
was not affected.

These results are consistent with those obtained by
Brana et al. (2006), who evaluated pig diets containing
adequate levels of phosphorus (positive control) and
phosphorus-deficient diets with or without (negative
control) phytase supplementation. Those authors observed
better feed efficiency in pigs fed diets supplemented with
phytase. This enzyme appears to be effective in phosphorus-
deficient diets due to its efficiency in hydrolyzing phytate
in feed, providing greater amounts of phosphorus to the
animal with a consequent performance improvement.

Thus, the addition of phytase to pig diets can be a
viable solution to improve animal performance (Costa et al.,
2007). Moreover, the use of phytase in commercial diets
with low nutrient levels may be economically viable because
it permits the reduction of nutrient levels in the diet
formulation, which reduces costs while maintaining animal
performance.

Although performance was increased by the addition
of phytase, there was no effect (P> 0.05) on variables related
to energy balance and nitrogen for the same amount of
digestible dry matter. However, regarding the efficiency of
phosphorus utilization, phytase supplementation improved
(P<0.05) the absorption and retention of the mineral, and the
diet containing phytase yielded values similar to those of
the negative-control group and higher than those of the
positive-control group for calcium utilization (Table 3).

According to Liao et al. (2005), the presence of phytate
may lead to the formation of phytate-starch complexes,
reducing the digestibility of dietary energy, and may inhibit

Variable Positive control Nutritional reduce Mean CV (%)

Without phytase With phytase

Digestible dry matter (%) 87.55 87.95 88.01 88.04 1.66
Digestible crude energy (%) 86 .14 86.99 86.20 86.44 2.00
Digestible energy (kcal/kg)2 3356 3348 3330 3345 1.83
Metabolizable energy (kcal/kg)2 3112 3103 3061 3092 3.55
Nitrogen absorbed (%) 86.29 87.08 86.44 86.61 2.13
Nitrogen retained (%) 49.09 50.14 49.07 49.43 7.21
Nitrogen retained/absorbed (%) 56.92 57.64 56.82 57.12 6.65
Calcium balance (%) 54.99b 63.17a 65.58a 61.24 6.03
Phosphorus balance (%) 45.10b 46.39b 52.29a 47.93 10.29
1 Means followed by different letters in the row differ (P<0.05) by Scott-Knott test.
2 Values expressed in natural matter.

Table 3 - Energy digestibility and nutrient balance of diets for growing pigs fed diets with or without fitase1

Variable Positive control Nutritional reduce Average CV (%)

Without phytase With phytase

Final weight (kg) 50.95a 48.35b 50.14a 49.82 3.20
Average daily feed intake (kg/day) 1.95 1.93 1.99 1.96 7.91
Average daily weight gain (kg/day) 0.84a 0.76b 0.82a 0.81 6.27
Feed conversion 2.32b 2.58a 2.43b 2.45 8.74
1Means followed by different letters in the row differ (P<0.05) by Scott-Knott test.

Table 2 -  Performance of pigs from 25 to 50 kg fed diets with or without phytase1
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α-amylase, an important enzyme that participates in the
process of carbohydrate digestion. In the present study,
the associations between phytic acid and starch may not
have been sufficient to influence the digestibility of energy
through increased enzyme activity. Furthermore, the
similarity between the effects of the diet supplemented with
phytase and those of the positive-control diet can be
explained by the fact that the difference in dietary energy
was too small to influence the energy digestibility.

Similar results have been found by Walz & Pallauf
(2002), who provided diets supplemented with phytase to
growing pigs and found no variation in the digestibility of
dry matter, digestible energy and metabolizable energy.
Likewise, O’Quinn et al. (1997) obtained similar results for
energy-related variables. Furthermore, Ketaren et al. (1993)
studied material removed from the ileum of growing pigs
and found greater energy retention with phytase
supplementation in the diet.

In a review, Mroz et al. (1994) proposed that the
improved digestibility of phytase-supplemented diets may
be explained by the release of phytate-protein complexes
from the starch present in soybean and corn meal.
Namkung et al. (1999) also reported that responses to
phytase supplementation may be influenced by the chemical
and structural properties of phytate-protein complexes. In
such complexes, several amino acids may be linked to the
phytate molecule, forming insoluble complexes, thus
decreasing the digestibility of the phosphorus for the
animal.

These results are consistent with those observed by
Ruiz et al. (2008), who also found no differences in nitrogen
uptake in piglets fed diets composed of corn, soybean and
rice bran supplemented or not with phytase (500 ftu/kg diet).

Different results have been reported by Walz & Pallauf
(2002), who observed an increase of 16% in nitrogen
retention in pigs fed low-nutrient diets with or without
phytase supplementation. Likewise, Bruce & Sundst (1995)
have reported that phytase influences nitrogen retention
in pigs.

According to Qian et al. (1996), phytase supplementation
in swine diets should occur when the molar ratio of cations
(calcium and phosphorus) is as low as possible, close to
1.2:1. When this ratio is above 2:1 or 3:1, insoluble complexes
may be formed, impairing  nutrient absorption by the animal.

Oberle & Harland (1996) have explained that because
phytate binds to the basic amino acids in protein molecules,
these amino acids will not be released if they are bound into
complexes that are more resistant to the action of phytase.
This enzyme acts by releasing phytic acid and, by extension,
any amino acid linked to the complex.

In a review, Nunes (1998) observed that if adequate
amounts of calcium and phosphorus are supplied to the
animal, the utilization of these nutrients will be more
efficient if they are supplied in the appropriate proportion.
Therefore, further research is necessary to determine the
extent to which calcium and phosphorus in the diet can
influence nutrient digestibility and affect the performance
of pigs.

According to Viana et al. (2009), phytic acid in
plant-derived foods is less available to monogastric
animals because there is little or no phytase activity in
their gastrointestinal tracts. Research on phytase
supplementation consistently shows beneficial effects,
especially on phosphorus availability. The results of the
present study reinforce this consensus. Similar results were
obtained by Veum et al. (2006) and Hill et al. (2009), who
found that phosphorus, calcium and magnesium availability
were the greatest in phytase-supplemented low-nutrient
diets for pigs.

Nortey et al. (2007) have also analyzed nutrient
digestibility in phytase-supplemented diets for growing
pigs and observed greater absorption and retention of
calcium and phosphorus when the enzyme was present in
the feed. However, in the present study, phytase did not
show a strong effect on calcium utilization by growing
pigs. The diets (except the positive control) probably
exhibited higher calcium availability because they were
formulated with low levels of the mineral, leading to better
utilization by the animal. The negative-control and phytase-
supplemented diets contained 17% less calcium compared
to the positive-control diet.

According to Murray et al. (1990), the absorption of
calcium into the bloodstream of the animal and its utilization
by the cells is regulated primarily by three hormones
responsible for balancing the plasma concentrations of the
mineral: parathyroid hormone, calcitonin and estrogen.
Parathyroid hormone stimulates the movement of calcium
and phosphate from the bones to the blood, especially
when there is a deficiency of minerals in the diet.

However, different results were found by Sands et al.
(2001), who observed greater calcium retention in growing
pigs fed diets containing phytase than in those fed normal
corn-based diets.

The presence of phytase in the diet increases nutrient
availability and can improve animal performance, However,
a range of results were obtained, which may be related to
variation among the microbial strains used for commercial
production of phytase and to variation in dosage, in addition
to the formation of complexes between phytate and other
dietary ingredients.
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The control diet had a total cost significantly (P <0.05)
high (Table 4). This result suggests that diet formulations
that follow the recommended nutrient levels will impose
greater costs due to the larger amounts of nutrients needed
in the diet compared to formulations with reduced nutrient
levels and phytase supplementation.

Feed costs contribute up to 70% of the total production
cost for swine (Nunes et al., 2001). Therefore, results shown
in this study provide a viable alternative feeding plan for
swine producers. Diets formulated with low nutrient levels
but without supplemental phytase cost even less (P<0.05),

but such diets cannot be recommended because they will
decrease the animal performance.

Similar results were obtained by Fireman et al. (2000),
who found that lower feed costs per kilogram of body
weight of the pig were possible by using phytase in the diet.
However, Santos et al. (2008) found no economic viability
for phytase supplementation in a study using the enzyme
in association with reduced inorganic-phosphorus content
in the diet. These results are related to the cost of ingredients
used to improve animal performance and the cost of the
enzyme.

Variable Positive control Nutritional reduce Mean CV (%)

Without phytase With phytase

Total cost (R$) 92.36a 88.9b 89.8b 90.36 3.30
1Means followed by different letters in the row differ (P<0.05) by Scott-Knott test.

Table 4 - Economic feasibility of the use of rations formulated with or without fitase for pigs from 25 to 50 kg1

Conclusions

The addition of phytase (500 ftu/kg) to diets for growing
pigs formulated with reduced nutrient levels is economically
viable and increases productivity.
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