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ABSTRACT: Organic phosphorus is poorly utilized by monogastric animals because they lack phytase, the
enzymethat cleavesthe ortho-phosphate groups from the phytate molecule. Dietsfed to pigs are supplemented
with inorganic P, and this can increase environmental pollution and diet costs. Sixty mixed sex, half-breed
pigs, were used to evaluate the effect of increasing dietary levels of phytase (253, 759, 1265 and 1748 PU kg™
feed) on animal performance as compared to a control without phytase but supplemented with dicalcium
phosphate. Enzyme levelsdid not affect daily feed intake, food conversion, average daily weight gain, plasma
P and Ca, calcium and phosphorusin bone ash, and the cal cium/phosphorus ratio in the plasmaand bones. A
quadratic relationship between phytase levels and the percentages of P and Ca in bone ash was observed,
reaching amaximum at the 880 and 879 PU levels, respectively. Animal sfed diets containing phytase presented
low plasma P values when compared to the control, but no effects were observed for the regression analysis.
Using 759 PU phytase in rations containing corn, soybean bran and defatted rice bran for growing pigs can
eliminate the use of traditional sources of P.
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ENZIMA FITASE EM DIETAS COM FARELO DE ARROZ
DESENGORDURADO PARA SUINOS EM CRESCIMENTO

RESUMO: Os animais monogéstricos ndo aproveitam eficientemente o P orgéanico das dietas, pois ndo
sintetizam a enzima fitase, sendo necessaria a suplementacéo das ragdes com P inorganico, podendo elevar o
custo das dietas e a poluicdo ambiental. Foram utilizados 60 |eitdes mesticos (machos castrados e fémeas)

para avaliar a eficécia dos niveis dietéticos crescentes da enzima fitase (253, 759, 1265 e 1748 UF kg™ de
ragdo) sobre os par@metros de desempenho e comparar com o tratamento testemunha que diferia dos demais
por ndo conter fitase e por conter fosfato bicélcico. Os niveis da enzima fitase ndo afetaram o consumo di&rio
de ragdo, conversdo alimentar, ganho diario de peso, P e Ca no plasma, cinzas no 0sso e relacéo calcio e
fésforo no plasma e 0sso. Observou-se relagdo quadrética entre os niveis dietéticos de fitase e a porcentagem

de P e Canas cinzas 6sseas, com ponto de maximo no nivel de 880 e 879 UF respectivamente. As dietas com

fitase propiciaram val oresinferiores parao fasforo no plasmaquando comparados com o tratamento testemunha,

mas ndo apresentaram efeitos para andlise de regressdo. A utilizagdo de 759 UF em ragBes a base de milho,

farelo de soja e farelo de arroz desengordurado para suinos na fase de crescimento permite a eliminagéo das
fontes tradicionais de P.

Palavras-chave: poluigdo ambiental, nutricdo, desempenho, fésforo, fitato
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INTRODUCTION

Ceredls ordinarily used in swine feeds have ad-
equate contents of total phosphorus: 0.20% for corn,
0.59% for soybean bran, 0.94% for wheat bran, 1.61%
for whole rice bran (Rostagno et al., 2000) and 2.13%
for defatted rice bran (EMBRAPA, 1991). However, most
of the phosphorus from plants is complexed with other
minerals (Ca, Fe, Cu, Zn, Mn and Mg) in phytate mol-
ecules, such as inositol hexaphosphate (L ehninger, 1994),
and only about 20 to 25% are available to monogastric
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animals, (National Research Council-NRC, 1998) which
do not synthesize the phytase enzyme, a substance ca-
pable of catabolizing phytate, releasing phosphorus and
other minerals for animals metabolism (Cromwell, 1991).
In addition to improving phosphorus availability, this en-
zyme aso turns calcium, magnesium, copper, iron and
zinc available (Adeola et al., 1995).

Phosphorus represents about 20 to 50% of the to-
tal expenses with minerals and vitamins in swine feeds
(Lopes, 1998). When rations are formulated for these ani-
mals, it is necessary to add inorganic phosphorus to meet
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their nutritional requirements. As a consequence, part of
the phosphorus is absorbed and another part is excreted
by feces, increasing environmental pollution and reduc-
ing the cost-benefit of feeds (Ludke et a., 2000). Con-
tamination hampers mainly water springs, triggering the
eutrophication process resulting from algae growth, in-
creasing the competition for oxygen between agae and
aquatic animals (Cromwell et a., 1993).

In spite of being a very important activity from an
economica and socia stand point, pig breeding is consid-
ered a polluting activity by some environmental agencies
(Perdomo & Lima, 1998). There have been few studiesin
Brazil concerning the impact of swine excretion on soils,
agriculture and environment, which could guide produc-
ers for the rational use of nutrients from feedstuffs
(Perdomo & Lima, 1998). Therefore, defining a system that
would harmonize the use of anima waste as fertilizer, re-
ducing the degree of environmental pollution represents a
true challenge. In this respect, reports dealing with the use
of the phytase enzyme have focused on the concern of nu-
tritionists with regard to reducing or eliminating the inor-
ganic phosphorus sources in swine feeds formulated with
corn and soybean bran, since evidence has been found that
phosphorus excretion in the feces can be reduced by about
50% with the use of phytase (Cromwell et a., 1995b).

Defatted rice bran is alow-energy byproduct from
the extraction of edible oil from whole rice bran with
crude protein content higher than corn, and good amino
acids balance (EMBRAPA, 1991). It is aso found in the
market by lower prices, and its use alows reducing the
final cost of feeds. Research work developed with this
byproduct shows that it is possible to use about 40% of
defatted rice bran in swine feeds without hurting animal
performance and carcass quality (Borin Jr. et a., 1988).
The use of low phytase enzyme levels added to swine
feedstuffs containing corn, soybean bran and defatted rice

Table 1 - Chemical composition of ingredientsin the feeds.

bran is feasible from a metabolic standpoint. However,
it is necessary to observe the response of animalsin terms
of performance and carcass traits (Moreira et al., 2000).

The effect of increasing dietary levels of the phytase
enzyme on performance parameters of swine fed diets for-
mulated with corn, soybean bran and defatted rice bran, with-
out inorganic phosphorus sources was studied. Results were
compared with a control diet containing dicalcium phosphate
without the presence of the phytase enzyme.

MATERIAL AND METHODS

The study was carried out in Piracicaba, SP, usng
60 half-breed animals with initial and final weights of
29.61 £ 1.30 and 61.13 + 2.70 kg, respectively. Experi-
mental design consisted of random blocks, with five treat-
ments and six replicates; experimental units comprised two
animals, housed in stalls with semi-automatic feeders and
nipple drinkers. Treatments consisted of a standard feed
containing corn, soybean bran, defatted rice bran (DRB)
and vitamin and mineral mix; the control diet was supple-
mented with dicalcium phosphate, with no phytase enzyme
and with 0.27% of available phosphorus. The other treat-
ments, T-1, T-2, T-3 and T-4, consisted of the standard diet,
with 0.17% of available phosphorus, added of increasing
levels of phytase at 253; 759; 1,265 and 1,748 PU (Phytase
Units kg™ feed), corresponding respectively, to 0.011;
0.033; 0.055 and 0.076% supplementation of feed.

Experimental diets were isoproteic, isocaloric,
isocalcic and isolysinic, formulated to meet the require-
ments of the swine according to Rostagno et a. (1983)
and NRC (1998), except in relation to phosphorus. The
available P in the control feed was calculated according
to Gomes et al. (1989). The chemica composition of in-
gredientsin the feedsis presented in Table 1 and the com-
positions of the growth feeds are shown in Table 2.

Nutrient Ingredient
Corn Soybean bran Defatted rice bran Dicalcium phosphate Lime
_________________________________________________ 0/ == eceeememeeecaas
Crude protein? 9.53 46.60 20.02
Ether extract! 6.97 3.32 3.87
Crude fiber? 4.78 8.18 10.73
Total P* 0.33 0.76 2.33 18.322
ca 0.02 0.36 0.11 24.352 37.32
DE?, kcal kg * 3,493 3,378 2,424
Lysine? 0.23 2.87 0.62
M ethionine? 0.17 0.65 0.29
Threonine? 0.34 1.78 0.56
Tryptophar? 0.08 0.67 0.16

!Analyses performed at LANA - CENA/USP.
?Based on tables by Rostagno et al. (1983)
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Table 2 - Percentage composition of growth feeds

Ingredient Treatment

Control T-1 T-2 T-3 T-4

________________________________________ 0/ === e eeeeeeemeneacaaaa

Corn 61.81 61.88 61.88 61.88 61.88
Defatted rice bran 17.19 17.19 17.19 17.19 17.19
Vegetable oil 1.60 1.60 1.60 1.60 1.60
Soybean bran 17.00 17.00 17.00 17.00 17.00
Dicalcium phosphate 0.55 0.00 0.00 0.00 0.00
Lime 1.00 1.40 1.40 1.40 1.40
Salt 0.35 0.35 0.35 0.35 0.35
Vitamin premix2 0.40 0.40 0.40 0.40 0.40
Mineral premix® 0.10 0.10 0.10 0.10 0.10
Phytase enzyme 0.000 0.011 0.033 0.055 0.076
Calculated values:
Phytase, PU kg feed 0 253 759 1,265 1,748
Digestible energy, kcal kg -* 3,277 3,279 3,279 3,279 3,279
Crude protein 17.26 17.30 17.30 17.30 17.30
Lysine 0.74 0.74 0.74 0.74 0.74
Tryptophan 0.19 0.19 0.19 0.19 0.19
Threonine 0.61 0.61 0.61 0.61 0.61
Methionine 0.26 0.27 0.27 0.27 0.27
Calcium 0.61 0.61 0.61 0.61 0.61
Total phosphorus 0.84 0.74 0.74 0.74 0.74
Available phosphorus 0.27 0.17 0.17 0.17 0.17
Fiber 6.19 6.21 6.21 6.21 6.21
Sodium 0.14 0.14 0.14 0.14 0.14

3Amounts per kg of supplement: vit. A 1,500,000 IU; vit. D, 255,000 IU; vit. E 3,000 mg; vit. K, 500 mg; thiamine 2,500 mg; riboflavin
750 mg; pyridoxine 250 mg; cyanocobalamin 3,000 mcg; calcium pantothenate 3,750 mg; niacin 5,500 mg; antioxidant 6.25 g ; growth

promoter 6.25 g; choline chloride 75 g; selenium 22.5 mg.

PAmounts per kg of feed: Mn 45 mg; Cu 15 mg; Zn 80 mg; Fe 88 mg; | 1 mg.

The phytase enzyme (Allzyme phytase) utilized
in the experiment was produced from fungi of the A4s-
pergillus niger group, also containing cellulase, pro-
tease, xylanase and acid phosphatase, with a declared
activity of 2,300 phytase units per gram (PU g*). The
phytase unit, which represents the amount of enzyme
that releases 1 mmol inorganic phosphorus from sodium
phytate in one minute, under standard conditions, was
determined in a sodium-phytate substrate at 37°C and
pH 5.5. The manufacturer recommendation is to use 500
g of the product per ton of feed, corresponding to 1,150
PU kg™ feed.

Water and feed were offered to animals without
restriction, and feeds and animals were weighed every 14
days. Performance data for daily feed intake (DFI), food
conversion efficiency (FC) and daily weight gain (DWG)
were obtained according to feed intake and total weight
gain. At the end of the experimental period, blood
samples were collected to evaluate phosphorus and cal-
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cium content in the plasma; animals were daughtered and
the 3 and 4" metatarsal bones were collected in order
to determine bone calcium and phosphorus concentra-
tions. The blood samples were centrifuged for 10 min-
utes at 3,000 rpm and the plasma was separated.

Bromatological analyses of the diets were per-
formed according to AOAC (1980). The method of Fiske
& Subbarow (1925) was utilized for plasma P determi-
nation, while calcium was determined by atomic absorp-
tion spectrophotometry (Zagatto et al., 1979).

Bones were cleaned and degreased in a“ Soxhlet”
extractor. To calculate ash contents, samples were pre-
burned on a hot plate, with the addition of nitric acid
(HNO, 50%), and then burned in a muffle at 550°C. Ash
was digested with 10 mL of HCL 10% and filtered a 25
mL volumetric flask through phosphorus-free filter pa
per (blue stripe, 0 = 8 cm), and the percentage of phos-
phorus calculated. Calcium was determined by atomic
absorption spectrometry (Zagatto et al., 1979).
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The variables: daily feed intake (DFI), daily
weight gain (DWG), food conversion efficiency (FC),
plasma calcium (Caplasma), plasma phosphorus (Pplasma),
bone ash (BONE ), phosphorus percentage in bone ash
(PP_,), calcium percentage in bone ash (CaP,,), bone cal-
cium and phosphorus ratio (RCaP, ) and plasma cal-
cium and phosphorus ratio (RCaP,_, ) were submitted
to analysis of variance and regression analysis (SAS,
1991) and related to the phytase enzyme levels. Dunnett
test and analysis of variance (SAS, 1991) were used for
the comparison of means between the control feed and
the other treatments.

RESULTS AND DISCUSSION

Phytase levels did not affect the variables DFI,
DWG and FC (P > 0.05) (Table 3). The values obtained
for these variables did not differ (P > 0.05) from those
in the control diet, supplemented with dicalcium phos-
phate. The phytase enzyme released phosphorus from
plant-derived ingredients at amounts which did not com-
promise the performance of growing swines.

Calcium and phosphorus levels can vary consid-
erably in the diets without affecting the performance of
swine Libal et a. (1969). Gomes et a. (1985) did not ob-
serve effects as well for the same variables, in a study
that sought alternative sources of phosphorus for grow-
ing swine. The phosphorus requirements to maximize per-
formance of animals is lower than the level required to
maximize bone development (Koch et al., 1984).

In a research on effects of increasing levels of
phytase (750, 1,050, 1,250 and 1,350 PU) on weaned
shoats, in which feeds containing corn and soybean bran
were utilized, Lei et a. (1993) did not detect effects for
variables DFI, DWG and FC. Ludke et d. (2000) evalu-
ated the use of 30% defatted rice bran in feeds mainly
containing corn and soybean bran, without inorganic
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phosphorus and with increasing levels of phytase (0, 750
and 1,000 PU) for growing swine, and again did not ob-
serve effects for the same variables.

However, Zhang et al. (2000), working with
phytase produced from genetically modified canola seeds
(Phytaseed) and microbial phytase (Natuphos) at 250, 500
and 2,500 PU supplementation levels, verified that there
was a linear effect for DWG, with a difference of 6.7 %
between the 250 and the 2,500 PU levels. While testing
phytase produced from yeast at the 0, 1,000, 2,000 and
4,000 PU levels, Matsui et al. (2000) also verified a posi-
tive linear effect on DWG, observing 0.9 % difference
between the levels of 1,000 and 2,000 PU. These results
are different from those obtained in the present work.
However, the type of enzyme and levels were different.
Therefore, the use of phytase in swine feeds arises as an
alternative to replace inorganic phosphorus sources. How-
ever, the high cost of this enzyme is the main limiting
factor. Therefore, the utilization of a product with greater
or less activity will depend on how much it could over-
burden the cost of diets.

There was no effect (P > 0.05) of phytase enzyme
content on the concentrations of plasma Ca and P. How-
ever, when compared to the control feed, plasma P at dif-
ferent phytase levels presented a smaller value (P < 0.05).
This result occurred because the control treatment con-
tained more total phosphorus than treatments T-1, T-2,
T-3 and T-4, demonstrating that even though the physi-
ological system is quite efficient in controlling the con-
centration of minerals in the plasma, the excess can be
detected. The concentration of plasmatic phosphorus
ranges between 8 and 10 mg dL™ (Ullrey et al., 1967,
Gurtler et a., 1984). The metabolism of P is directly re-
lated to calcium metabolism, and their variation in the
plasma is small because of its efficient physiological
mechanism, which involves parathyroid hormones (PTH),
calcitonin and vitamin D (Ganong, 1977; Deluca, 1979).

Table 3 - Effects of increasing levels of phytase enzyme on performance variables.

Variable Treatment

Control T-1 T-2 T-3 T-4 CV, %
Feed intake (kg day?) 211 a 1.89 a 1.99 a 1.93a 1.99 a 10.95
Weight gain (g day?) 828 a 746 a 780 a 748 a 0.768 a 11.83
Food conversion 2.56 a 2.56 a 255 a 2.58 a 2.59 a 2.92
Plasma calcium (mg %) 13.27 a 13.14 a 14.22 a 13.30 a 13.33 a 8.77
Plasma phosphorus (mg %) 9.61 a 7.65b 8.22 b 7.33 b 8.23 b 9.80
Bone ash (g kg * DM) 542.57 a 560.36 a 572.48 a 565.15 a 560.97 a 3.55
Percentage of phosphorus in bone ash* 16.60 a 15.66 a 16.33 a 17.90 a 13.78 a 3.55
Percentage of calcium in bone ash* 33.13a 31.94 a 33.69 a 33.66 a 28.27 a 13.02
Bone calcium and phosphorus ratio 2.00 a 2.06 a 2.08 a 191 a 2.05 a 11.75
Plasma calcium and phosphorus ratio 1.38 1.73 1.73 1.72 1.62 16.70

*Quadratic relation (P < 0.05).

Means with a common letter in the same row do not differ from the control treatment by Dunnett test.
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The relation between phytase enzyme levels and bone ash
did not have an effect (P > 0.05) for regression anaysis.
No effects were observed as well when treatments means
where phytase was used were compared to the control
treatment.

A quadratic relation was verified between the lev-
els of phytase in the feed (X) and the percentage of phos-
phorus in bone ash (Y), where Y = 13.402 + 0.0088X —
5E - 06X% R? = 0.74, with a point of maximum at the 880
PU/kg feed level (Figure 1). The results for this variable
are consonant with those found by Lei et a. (1993) and
Cromwell et al. (1995a), who observed phytase enzyme
effects up to the levels of 1,200 and 2,000 PU kg ™ feed,
respectively.

Phosphorus is intensely involved in metabolic
processes, participating in al reactions where energy con-
sumption is necessary. Therefore, when the ingestion of
deficient feedstuff occurs, the physiologica system pro-
motes bone phosphorus recycling, reduces excretion and
increases absorption, affecting animals performance when
deficiency is high. These observations are confirmed by
this study, since phytase did not interfere with perfor-
mance, but effects were detected in the bones. The best
response was obtained at the 880 PU level, indicating that
at this level the enzyme made available the amount of
phosphorus necessary for the development of the grow-
ing swine.

There was a quadratic relation between the in-
creasing levels of phytase enzyme (X) and the percent-
age of calcium in bone ash (Y), where Y = 29.102 +
0.0123X - 7E - 06X% R* = 0.97, with a point of maxi-
mum at the 879 PU level (Figure 2), showing the effi-
ciency of phytase in making both minerals available.
These results differ from those obtained by Ludke et al.
(2000), who worked with the Nathuphos® enzyme at 0,
750 and 1,000 PU levels in feeds containing 30% defat-
ted rice bran, and did not observe effects for variables
bone Ca and P. The calcium and phosphorus metabolisms
are strictly related. Thus, as the physiological system in
swine mobilized bone phosphorus, it also mobilized cal-
cium to maintain adequate bone and plasma calcium and

g 20
) 1 (]

S 15 -

S 0. Y = 13.402+0.0088X -5E-06X

& R?=0.74

g O Max = 880

8

g 0 T T T T
o 0 440 880 1320 1760

Phytase levelsin feed (PU kg ™ feed)

Figure 1 - Relationship between increasing phytase levels and P
percentage in bone ash. (P < 0.05)
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Figure 2 - Relationship between increasing phytase levels and Ca
percentage in bone ash. (P < 0.005)

phosphorus ratios, with the excess being eliminated en-
dogenoudly and via urinary excretion, since the diets were
not deficient in calcium. The maximum response deter-
mined for calcium was similar to that observed for phos-
phorus, and confirm these assertions.

No effects were verified (P > 0.05) for the rela-
tion between the phytase enzyme and the bone ash vari-
able. The levels and ratio of Ca and P in the diets, can
vary considerably without significantly influencing
weight gain and food conversion efficiency of growing
swine, but interfering with bone characteristics (Libal et
al., 1969). These observations were confirmed by the
present study.

Enzyme levels did not affect the calcium: phos-
phorus ratio in bones and plasma, with mean ratios of 2:1
and 1.70:1, respectively. The bone CaP ratio, bones be-
ing the place with the highest concentration of this min-
eral, is around 2:1 (Lopes, 1998). However, the recom-
mended ratio for swine diets is based on the physiology
of the animal itself, and is around 1.5:1, and corresponds
to values found in sow milk (Peo Jr. et ., 1991). How-
ever, this experiment utilized ratios of 0.7:1.0 based on
total phosphorus and 2.26:1 based on available phospho-
rus. When the work is based upon available phosphorus,
this ratio can range on 2:1 and 3:1 (Qian et al., 1996 and
NRC, 1998). Qian et al. (1996) studied the effects of in-
creasing levels of calcium and phosphorus ratio (1.2:1,
1.6:1 and 2.0:1) on weanling pigs, by using two micro-
bia phytase levels (700 and 1,050 PU), and did not ob-
serve effects on bone deposition; however, for DWG, DFI
and FC they observed a negative linear effect, showing
that phytase is more efficient when the CaP ratio is
smaller. The total CaP ratio in feeds containing soybean
bran can vary from 1:1 to 1.25:1 (NRC, 1998). The ratio
can be less critical if excess phosphorus occurs (Prince
et al., 1984, Hall et a., 1991). However, excess calcium
in the diets reduces organic phosphorus bioavailability
(Jongbloed et al., 1993).

The supplementation of feeds formulated with
corn, soybean bran, defatted rice bran and soybean oil
with 759 PU for growing swine allows the traditional
phosphorus sources to be eliminated; however, the eco-
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nomic feasibility of phytase utilization should be taken
into consideration. Metabolism studies should be devel-
oped to evaluate phosphorus excretion to the environ-
ment.
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