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ABSTRACT 

A commercially available microbial phytase was investigated with the aim of firstly, 
determining its effectiveness in releasing phosphate from phytate and secondly, investigating the 
possible binding of supplemented amino acids to phytate and the effectiveness of microbial phytase 
in releasing bound amino acids. Feedstuffs with added synthetic amino acids were incubated in the 
presence or absence of microbial phytase and the resulting concentrations of free phosphate and 
free amino acids were determined. The mean dephosphorylation of phytate over all feedstuffs and 
reaction conditions used was 0.40. Dephosphorylation ranged from 0 for wheat pollard to 0.84 for 
cottonseed meal depending on the feedstuff and the reactions conditions used. Incubation in the 
absence and presence of microbial phytase resulted in a recovery of supplemented amino acids of 
between 0.37 to 1.15 (mean = 0.84) and 0.49 to 1.17 (mean = 0.89), respectively, depending on the 
amino acid, feedstuff and reaction conditions employed. 
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INTRODUCTION 

Phytate (myo-inositol 1, 2, 3, 4, 5, 6 hexakis dihydrogen phosphate) is found 
at varying levels in almost all feedstuffs derived from plant material. Phytate also 
has the ability to bind minerals (Oberleas, 1973; Reddy et al., 1982), particularly 
divalent cations, lipids (Cosgrove, 1966), starch (Thompson and Yoon, 1984) and 
proteins (Cosgrove, 1980; Andersen, 1985; Thompson and Serraino, 1986). It is 
also possible that free amino acids, such as those supplemented in formulated 
diets for both pigs and poultry, form linkages with phytate leading to a decreased 
digestibility of these supplemented amino acids. The phytate molecule itself is 
resistant to enzymatic digestion in the mammalian gut and while a small portion 
may be hydrolysed in poultry (Matyka et al., 1990; Edwards, 1993), most is not. 
Consequently, the phosphate contained within the phytate molecule is generally 
not nutritionally available and is excreted by the animal. 

Phytase (myo-inositol-hexakisphosphate phosphohydrolase, EC 3.1.3.8) 
hydrolyses the phosphate moieties from the inositol ring. This enzyme is 
found naturally at varying levels in a number of plant materials. However, for 
many plant materials the amount of endogenous phytase present is too low to 
significantly improve the availability of nutrients complexed to phytate. For such 
feedstuffs, microbial phytase can be added to the feedstuff to enhance the release 
of phosphate (Edwards, 1992; Simons et al., 1992), minerals (Pallauf et al., 
1992; Lei et al., 1994; Yi et al., 1994) and protein (Officer and Batterham, 1992; 
Mroz et al., 1994), from phytate. To date, the effect of added microbial phytase 
on the availability of synthetic amino acids added to feedstuffs has been largely 
overlooked. The current study aimed to investigate the role that microbial phytase 
may have, in firstly releasing phosphorus from phytate and secondly improving 
the availability of supplemented amino acids, when added to a wide range of 
plant-based feedstuffs. 

MATERIAL AND METHODS 

Material 

Microbial phytase (RONOZYME® PhytaseCT) was obtained from Nouozymes 
A/S, DK-2880 Bagavaerd, Denmark. The enzyme was a 3-phytase (E.C. 
3.1.3.8) and was prepared from Aspergillus niger (gene origin) and produced by 
Aspergillus oryzae (production strain). Fifteen feedstuffs (rice bran, wheat bran, 
wheat pollard, copracake meal, maize, soyabean meal, peanut meal, cottonseed 
meal, sesameseed meal, rapeseed meal, rice, sunflowerseed meal, maize gluten 
meal, maize gluten feed and brewer's distiller dried grains) were obtained 
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commercially. A l l feedstuffs were ground in the laboratory to 0.5 mm particle size. 
A l l other chemicals were analytical grade and were obtained from either Sigma 
Chemicals, St. Louis, Missouri or BDH Laboratory Supplies, Poole (England). 

One phytase unit FYT is defined as the amount of enzyme that liberates 1 (imol 
of inorganic orthophosphate per minute at pH 5.5, 37°C using a sodium phytate 
(C 6H 8Na 1 2O 2 4P 6T0H 2O) concentration of 0.005 mol/L. 

Incubation conditions 

Each feedstuff was subjected to the following incubation treatment and each 
treatment was conducted in duplicate. To 1 g of each feedstuff was added 9.6 
ml of 0.1 M acetate buffer containing 0.01% Tween 20, adjusted to either pH 
2.5 or 5.5 and 0.4 ml of an amino acid solution containing 13.6 mg lysine, 11.3 
mg threonine, 6.4 mg methionine and 2.9 mg tryptophan. Lysine was added to 
give a final total (free + bound) lysine to phytate ratio of between 3 and 4 based 
on the average lysine content of the 15 feedstuffs. This ratio was used since in 
a standard poultry diet the ratio of lysine to phytate would normally be within 
this range. The other supplemented amino acids were added such that the ratio 
of these amino acids to lysine would be similar to that present in an ideal protein 
for the chicken (Baker and Han, 1994; Emmert and Baker, 1997). For each 
incubation pH (2.5 and 5.5), microbial phytase was added to each flask to give 
either 0, 500, 1000 or 2000 phytase units (FYT) of microbial phytase per kg of 
feedstuff. A l l the test flasks were then incubated in a forced air oven at 37°C for 
4 h during which time the flasks were stirred constantly using a magnetic stirring 
plate. After incubation the flasks were removed and 10 ml of stop solution 
(0.5 M HC1) was added to each flask to prevent further enzyme activity. 
A further two flasks, for each feedstuff, were used to determine the extent of 
amino acid binding prior to any incubation. These flasks were not incubated and 
had the 10 ml of stop solution added prior to the acetate buffer and amino acid 
solution and no microbial phytase was added. The contents of each flask were 
filtered through Whatman No 1 filter paper and stored at -20°C prior to analysis 
for free phosphate and free amino acids. 

The free phosphate content of the solution was analysed by taking between 
0.05 and 0.2 ml of filtrate and diluting to 5 ml with water. Ammomium molybdate 
solution (1 ml) was added and the contents of the tubes were mixed thoroughly, 
then 0.2 ml of amino-napthol sulphonic acid solution was added and the tube 
contents were mixed thoroughly again. The tubes were allowed to stand for 30 
min before the absorbance was read at 680 nm. The free phosphate content was 
quantified by comparison of the absorbance value obtained for each sample 
with that determined for a range of phosphate solutions (potassium dihydrogen 
phosphate) of known concentration. 
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The proportion of phytate dephosphorylated was calculated using the following 
equation: 

(Free phosphate ^ n c u ^ a t e ( j feedstuff) Free phosphate ^ o r jgj n a j f e e ( j s t u tf)) 

Phytate dephosphorylated = = r— —^ ^ . ^ 
Phosphate content 01 phytate, .. ., , _ 

~ ~ J (original feedstuff) 

The units for the free phosphate in the incubated and original feedstuffs and 
the phosphate content of the phytate were g/100 g of feedstuff. 

Free amino acid analysis 

Free amino acids in the solutions before and after incubation were determined 
by firstly adding norleucine, which was used as an internal standard, and sufficient 
140 mM sodium citrate buffer pH 2.0 to give a final concentration of 70 mM 
sodium citrate. The mixture was then ultrafiltered using a Vivaspin concentrator 
(5000 MWCO). The free amino acids in the ultrafiltrate were separated using a 
Waters ion-exchange HPLC system, and detected, after post-column ninhydrin 
derivatization, by measuring absorbance at 570 nm. 

The average analytical error between duplicates when determining unbound 
phosphate and free amino acid content was ±2.2 and ±3.1%, respectively. 

Phytate P determination 

The phytate P concentration in each original feedstuff was determined based 
on the method of Selle (1996). Phytate was first extracted by incubating the 
feedstuff in a HCl/Na 2S0 4 solution at room temperature for 3 h with constant 
stirring. The extract was then filtered through Whatman No. 1 filter paper, an 
aliquot then taken and diluted with deionised water. The solution was then heated 
in a boiling waterbath in the presence of FeCl3 for 20 min to precipitate the 
phytate. The precipitate was centrifuged and any precipitated inorganic phosphate 
was redissolved by resuspending the pellet in a Na2S04/dilute acid solution. The 
suspension was recentrifuged and the pellet dissolved in sulphuric acid prior to 
digestion in sulphuric acid, nitric acid and water (1:1:1) for 90 min. The digest 
was then diluted with water and heated in a boiling waterbath for 15 min. The pH 
of the solution was adjusted to approximately 1-2 and then made up to volume with 
water. The phosphate content of the solution was then determined as described above. 
For the determination of the phytate P content for feedstuffs either prior to incubation 
or after incubation either with or without microbial phytase, the mean analytical error 
between duplicate analyses was ±2.1%. 
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RESULTS 

The determined phytate P contents of the 15 feedstuffs are shown in Table 1. 

1 means of duplicate determinations. Differences between duplicates were set at 5%, i f the differences 
were greater than 5% the analysis was repeated 

The phytate P levels ranged from 0.6 g/kg for rice to 18.6 g/kg for rice 
bran. The free phosphate was measured in each of the original feedstuffs and in 
each feedstuff after incubation with varying amounts of microbial phytase. The 
proportion of phytate dephosphorylated after each incubation was then calculated. 
The results are shown in Table 2. 

For most feedstuffs there was little dephosphorylation (less than 5%) of phytate 
after incubation in the absence of microbial phytase at 37°C for 4 h at either pH 2.5 
or 5.5. In contrast, for wheat bran, wheat pollard and rice between 0.65 and 0.84 
dephosphorylation occurred. 

When the wheat bran, wheat pollard and rice were incubated with 500 FYT 
microbial phytase per kg of feedstuff a further 0.03-0.22 of the phytate was 
dephosphorylated. When additional microbial phytase was included in the incubation 
mixture, at best, only a further 0.11 units of phytate was further dephosphorylated. 
For copracake meal and maize, approximately 0.60 of the phytate present was 
dephosphorylated after incubation with microbial phytase (500 FYT/kg). This 
increased only slightly (0.03-0.13) after incubation with greater amounts of 

TABLE 1 
Phytate P content for 15 selected feedstuffs, g/kg 

Feedstuff Phytate P content1 

Rice bran 
Sunflower meal 
Rapeseed meal 
Wheat pollard 
Cottonseed meal 
Wheat bran 
Maize gluten feed 
Sesameseed meal 
Peanut meal 
Maize gluten meal 
Brewer's distiller dried grains 
Soyabean meal 
Copracake meal 
Maize 
Rice 

18.6 
11.5 
9.1 
7.9 
7.7 
7.6 
6.9 
6.2 
4.3 
3.9 
3.8 
3.4 
3.4 
2.0 
0.6 
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TABLE 2 
Phytate degraded1 after incubation with either 0, 500, 1000 or 2000 FYT 2 microbial phytase 
(RONOZYME™ Phytase) per kg of feedstuff 

Microbial phytase 

0 500 1000 2000 
Wheat bran 2.5 0.71 0.85 0.79 0.79 

5.5 0.74 0.77 0.83 0.78 

Sesameseed meal 2.5 -0.04 0.33 0.61 0.72 
5.5 0.08 0.36 0.48 0.58 

Cottonseed meal 2.5 0.02 0.24 0.42 0.86 
5.5 0.04 0.28 0.46 0.65 

Maize gluten feed 2.5 0.01 0.19 0.39 0.60 
5.5 0.00 0.28 0.54 0.67 

Maize 2.5 -0.05 0.62 0.73 0.71 
5.5 -0.01 0.61 0.64 0.64 

Peanut meal 2.5 0.03 0.25 0.40 0.42 
5.5 0.05 0.26 0.41 0.43 

Rapeseed meal 2.5 0.01 0.23 0.34 0.60 
5.5 0.02 0.28 0.43 0.54 

Copracake meal 2.5 0.13 0.56 0.68 0.69 
5.5 0.00 0.59 0.65 0.66 

Wheat pollard 2.5 0.77 0.86 0.84 0.87 
5.5 0.69 0.68 0.72 0.76 

Sunflower seed meal 2.5 0.01 0.19 0.32 0.59 
5.5 0.01 0.21 0.37 0.45 

Brewer's distiller dried grains 2.5 0.02 0.38 0.72 0.74 
5.5 0.01 0.50 0.53 0.55 

Maize gluten meal 2.5 0.01 0.41 0.51 0.56 
5.5 0.05 0.67 0.83 0.87 

Rice 2.5 0.65 0.87 0.91 0.98 
5.5 0.84 1.02 1.01 1.00 

Rice bran 2.5 0.08 0.23 0.33 0.50 
5.5 0.08 0.22 0.30 0.47 

Soyabean meal 2.5 0.00 0.35 0.58 0.62 
5.5 0.00 0.25 0.36 0.48 

- F r e e P h 0 S P h a t e i n c u b a t e d feedstuff - Free phosphate ariginal feedstuff 

1 FYT = phytase units 
Phosphate content of phytate 

3 differences between duplicates were set at 5%, i f the differences were greater than 5% the analysis 
was repeated 
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microbial phytase. For peanut meal, sesameseed meal, brewer's distiller dried grains 
and maize gluten meal, incubation with enzyme (500 FYT/kg) resulted in a 0.25-
0.67 dephosphorylation of phytate. After incubation with 1000 FYT/kg phytase, a 
further 0.03-0.34 of the phytate was dephosphorylated while with 2000 FYT/kg 
microbial phytase there was only a further 0.11 dephosphorylation. For the remaining 
feedstuffs (cottonseed meal, maize gluten feed, rapeseed meal, sunflowerseed meal, 
rice bran and soyabean meal) the amount of phytate dephosphorylation increased 
almost linearly with increasing microbial phytase inclusion. 

The recovery of the supplemented amino acids in the incubation mixture prior 
to any incubation was between 0.37 and 1.15 (Figure 1). Overall, most (85%) of the 
recoveries of the supplemented amino acids prior to any incubation were less than 
1.00, but there were a number that were higher than 1.00, possibly due to the release 
of intrinsic amino acids bound to compounds in the feedstuff. The mean recovery 
for all of the amino acids tested at pH 2.5 and 5.5 was 0.82 and 0.85, respectively. 

For almost all the feedstuffs tested, incubation in the absence of microbial phytase 
did not greatly alter the recovery of the supplemented amino acids (Figure 1). The 
exceptions were peanut meal, wheat pollard and rice, where the mean recovery of the 
supplemented amino acids rose from 0.65 prior to incubation to 0.77 after incubation 
without microbial phytase when the incubation was carried out at pH 2.5. In contrast, 
when the incubation was carried out at pH 5.5, the mean recovery of the supplemented 
amino acids decreased somewhat from 0.71 prior to incubation to 0.61 after incubation 
without microbial phytase. For rice bran there was a general increase in the amino 
acid recovery from 0.72 prior to incubation to 0.95 after incubation in the absence 
of microbial phytase. For maize gluten feed, there was generally little difference in 
amino acid recoveries either prior to or after incubation without microbial phytase 
(1.02 prior to incubation compared to 0.98 after incubation). 

For wheat bran, cottonseed meal, rapeseed meal, maize, copracake meal, 
wheat pollard, maize gluten feed, peanut meal, rice and soyabean meal there was 
no meaningful change in the recovery of the supplemented amino acids after 
incubating the feedstuff in either the presence or absence of microbial phytase at 
pH 2.5. Moreover, for wheat bran, cottonseed meal, rapeseed meal, copracake 
meal, wheat pollard, rice and soyabean meal, rice bran, brewer's distiller dried 
grains and sunflowerseed meal there was no meaningful change in the recovery of 
the supplemented amino acid after incubating the feedstuff in either the presence 
or absence of microbial phytase at pH 5.5. 

When the sesameseed meal-amino acid mixture was incubated at pH 2.5 in the 
presence of microbial phytase there was no meaningful change in the recovery of 
threonine, methionine and lysine. However, the recovery of tryptophan decreased 
by approximately 0.17 and 0.23. After incubation at pH 5.5 with increasing levels 
of microbial phytase, there was a corresponding increase in the recovery of most 
of the amino acids determined. 
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Q. 
CL 

No 
incubation 

Rice bran pH 2.5 

Sunflowerseed meal pH 2.5 

Rapeseed meal pH 2.5 

Wheat pollard pH 2.5 

Cottonseed meal pH 2.5 

Wheat bran pH 2.5 

Maize gluten feed pH 2.5 

Sesameseed meal pH 2.5 

Rice bran pH 5 5 

Sunflowerseed meal pH 5.5 

Rapeseed meal pH 5.5 

Wheat pollard pH 5.5 

Cottonseed meal pH 5.5 

Phytase inclusion, FYT/kg feedstuff 

Figure la. The recovery1 of supplemented threonine • , methionine A , tryptophan • and lysine x, 
either prior to incubation (no incubation) and after incubation2 with either 0, 500, 1000, 2000 FYT 3 

microbial phytase added per kg of feedstuff 
1 the recovery was calculated as follows: 

amount of free amino acid in the incubation solution after incubation 
amount of free amino acid added to the feedstuff-amino acid solution 

2 incubation condition were for 4 h at 37°C at either pH 2.5 or 5.5 with constant stirring 
3 pYT = Phytase units 
4 differences between duplicates were set at 5%, i f the differences were greater than 5% the analysis was 
repeated 
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Figure lb. The recovery1 of supplemented threonine methionine A , tryptophan • and lysine x, 
either prior to incubation (no incubation) and after incubation2 with either 0, 500, 1000, 2000 FYT 3 

microbial phytase added per kg of feedstuff4 
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For the other feedstuffs, the most significant findings only are described. When the 
maize gluten feed and maize was incubated with the supplemented amino acids at pH 
5.5, tryptophan recovery increased by as much as 0.24 at the highest microbial phytase 
inclusion level. For peanut meal, the recovery of all of the supplemented amino acids 
increased by 0.22 to 0.31 after incubation with microbial phytase (500 FYT/kg). For 
threonine, the addition of 1000 FYT/kg microbial phytase caused a further increase 
in the recovery of approximately 0.12. For sunflowerseed meal, when the mixture 
were incubated at pH 2.5 with microbial phytase, there was an increase of 0.10-0.15 
in the recovery of all of the supplemented amino acids. When the brewer's distiller 
dried grains-amino acid mixture was incubated with microbial phytase at pH 2.5 there 
was an increasing release of threonine, methionine and lysine with increasing enzyme 
inclusion, with 0.83, 0.65 and 0.70, respectively, being released after incubation 
with 2000 FYT/kg. For tryptophan, there was no consistent trend observed. After 
incubation of the maize gluten meal with 500 FYT/kg microbial phytase at pH 2.5, 
the recoveries of the supplemented amino acids increased by 0.26 to 0.34 units to 
approximately 1.00. The addition of greater amounts of microbial phytase had little 
further effect. When rice bran was incubated in the presence of microbial phytase 
at pH 2.5 as much as 0.16 of the bound tryptophan was released. In contrast, after 
incubation at ph 5.5, tryptophan recovery decreased by as much as 0.18. 

DISCUSSION 

Microbial phytase is often added to diets containing plant-based feedstuffs in 
order to hydrolyse phytate during digestion. In doing so, the availability of minerals 
(especially phosphorus) and amino acids may be increased (Mroz et al., 1994; Yi, 
1996; Kemme et al., 1999; Ravindran et al., 1999). However, there is almost no 
published literature on the interaction of phytate and free supplemented amino 
acids and the effect phytase may have on this interaction. The current study tested 
one commercially available microbial phytase (RONOZYME® Phytase) to firstly, 
investigate its effectiveness in releasing phosphate from phytate and secondly, to 
investigate the possible binding of supplemented amino acids to phytate and the 
effectiveness of microbial phytase in reversing this binding. The determination of 
phytate dephosphorylation, although being indirect, was relatively straightforward in 
that the inorganic (free or unbound) phosphate of the feedstuff was determined before 
and after in vitro incubation with varying amounts of added microbial phytase, and the 
difference between these determinations in phosphate content was most likely a result 
of the dephosphorylation of phytate. Investigating the amino acid binding to phytate 
and release by the action of phytase was not so straightforward. Again a difference 
method was used, where the free amino acid content of the supplemented feedstuffs 
was determined before and after incubation with varying levels of microbial phytase. 



RUTHERFURD S.M. ET AL. 687 

It was assumed that any loss of the free amino acids in solution was due to the binding 
of these amino acids to compounds in the feedstuff, of which one of these compounds 
could be phytate. Any increase in the free amino acid content after incubation with 
microbial phytase was possibly due to the action of microbial phytase in releasing 
the amino acids bound to phytate, through dephosphorylation of phytate. The in vitro 
system used in this study was not designed to mimic in vivo digestion in the gut. 
Indeed, the inclusion of gut enzymes, particularly proteases would have caused the 
hydrolysis of protein in the feedstuffs, which in turn would have interfered with the 
determination of the free amino acid content of the reaction mixtures. 

In general the addition of microbial phytase appeared to increase phytate 
hydrolysis. Wheat bran, wheat pollard and rice were the exception. Wheat and wheat 
by-products are known to contain large quantities of intrinsic phytase (McCance and 
Widdowson, 1944; Bartnik and Szafranska, 1987) which may have been responsible 
for the phytate dephosphorylation in the absence of microbial phytase. In contrast, 
rice is not known to contain large amounts of intrinsic phytase, however, given that 
rice contains very low levels of phytate (0.21 % ) , it is possible that a high proportion of 
the phytate in rice can be dephosphorylated by the small amount of intrinsic phytase 
present. For the remaining feedstuffs (including rice) there is anecdotal evidence 
that there is a relationship between the level of phytate present in the feedstuff and 
the amount of microbial phytase required to achieve maximal dephosphorylation 
of phytate (Table 3), where increasing phytate content in the feedstuff required 
more microbial phytase to achieve maximal phytate dephosphorylation. I f this 
relationship does exist then this may have ramifications for the pig and poultry feed 

TABLE 3 
Phytate P content1 (g/kg) of the non-wheat based feedstuffs and the microbial phytase level (FYT/kg 
feedstuff) where maximum in vitro phytate degradation occurred 

Microbial phytase (FYT/kg) 
Feedstuff Phytate P required for maximum phytate 

degradation 
Rice bran 18.6 >1000 
Sunflower meal 11.5 >1000 
Rapeseed meal 9.1 >1000 
Cottonseed meal 7.7 >1000 
Maize gluten feed 6.9 >1000 
Sesameseed meal 6.2 >1000 
Peanut meal 4.3 500-1000 
Maize gluten meal 3.9 500-1000 
Brewer's distiller dried grains 3.8 500-1000 
Soyabean meal 3.4 500-1000 
Copracake meal 3.4 <500 
Maize 2.0 <500 
Rice 0.6 <500 

1 differences between duplicates were set at 5%, i f the differences were greater than 5% the analysis 
was repeated 
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industries in that rather than having a set microbial phytase inclusion level for diet 
formulation, perhaps graded inclusion levels should be used depending on phytate 
content of the diet, to maximize the effectiveness of microbial phytase and to avoid 
resource wastage. The form and quantitative description of this apparent relationship 
may warrant further investigation. 

It is interesting to note that while maximal phytate dephosphorylation was 
achieved for a large number of the feedstuffs used in this experiment, rice was the 
only product for which the dephosphorylation of phytate appeared to be complete. 
For all other feedstuffs, where maximal dephosphorylation was achieved, between 
approximately 15 and 50% of the phytate P was not recovered as free phosphate. The 
phytase used in this study incompletely catalyses the dephosphorylation of phytate 
with the end product being myo-inositol-2-monophosphate (Wyss et al , 1999). While 
this is consistent with the maximal recovery of free phosphate of 85% observed for 
the wheat bran and pollard and the maize gluten meal but would not explain the much 
lower recoveries of phosphate (as low as 50%>) observed for many of the feedstuffs. In 
these cases, steric hindrance may reduce the efficiency of the phytase. 

The effectiveness of microbial phytase in dephosphorylating phytate was 
investigated using two different pH's (2.5 and 5.5). It would appear that the 
incubation pH for which microbial phytase is most effective in dephosphorylating 
phytate may be affected by the type of feedstuff. 

Feedstuffs are complex materials containing a multitude of compounds with highly 
diverse chemical characteristics. Many feedstuffs contain a variety of compounds 
that under certain conditions can bind to nutrients present in the feedstuffs or mixed 
diets. Synthetic amino acids used in the supplementation of diets are highly valuable 
nutrients that possess a range of reactive functional groups. Some of these groups 
are capable of binding by either direct chemical bonds or associative complexes, 
to many compounds present in feedstuffs (Hurrell and Carpenter, 1981), including 
phytate. There appears, from the present study using an in vitro incubation, to be 
no clear overall trend with respect to the binding of amino acids to compounds in 
the feedstuffs at either of the incubation pH's tested. Despite this, there are some 
observations that can be made; firstly, for most of the feedstuffs, some or all of the 
supplemented amino acids appeared to bind to compounds within the feedstuffs. 
Secondly, where binding did occur, for most feedstuffs the same amino acids bound 
regardless of pH, although the extent of binding was not always the same. For wheat 
bran, rapeseed meal and copracake meal there was no binding, consequently there 
would be no benefit of adding microbial phytase to these feedstuffs. The feedstuffs 
for which binding of the supplemented amino acids to compounds in the feedstuff 
appeared to occur, but for which microbial phytase had no apparent effect on releasing 
these amino acids were rapeseed meal, wheat pollard, rice and soyabean meal. The 
feedstuffs for which microbial phytase appeared to cause the release of some i f not all 
of the bound supplemented amino acids at pH 2.5 were sunflowerseed meal, brewer's 
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distiller dried grains, maize gluten meal and rice bran, while at pH 5.5 the feedstuffs 
were sesameseed meal, cottonseed meal, maize gluten feed, maize, peanut meal 
and maize gluten meal. It must be considered that this study was conducted using 
an in vitro system. It is possible that the results obtained here may differ from those 
observed in vivo. A logical next step for this research would be to investigate the 
role that microbial phytase has in improving the availability of supplemented amino 
acids when applied to an in vivo system. The advantage of the in vitro system is that 
it is relatively rapid and inexpensive to perform, however the accuracy of this system 
needs to be validated against in vivo experiments. The in vitro system may prove to 
be a useful tool in the future for determining the extent to which microbial phytase is 
able to degrade phytate in plant based feedstuffs. 
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STRESZCZENIE 

Wplyw dodatku handlowego preparatu fitazy mikrobiologicznej na uwalnianie fosforu 
i aminokwasow in vitro z wybranych pasz roslinnych uzupelnionych wolnymi aminokwasami 

Celem badah bylo oznaczenie: 1. wpfywu dodanego do pasz handlowego preparatu fitazy mi­
krobiologicznej na wchlanianie fosforanow z fitynianow, a takze 2. mozliwosci wiazania dodanych 
aminokwasow z fitynianami oraz efektywnosc dzialania fitazy mikrobiologicznej w uwalnianiu zwiâ -
zanych aminokwasow. 

Pasze z dodanymi aminokwasami inkubowano w obecnosci lub bez dodatku fitazy mikrobiolo­
gicznej i oznaczano stezenie wolnych fosforanow i aminokwasow. Srednia defosforyzacja fitynianow 
dla wszystkich pasz i sposobow postepowania wynosila 0,40. Defosforyzacja wahala si? od 0 dla otrab 
pszennych do 0,84 dla sruty bawemianej. Otrzymane wyniki zalezafy od rodzaju paszy i sposobu 
postepowania. Odzyskanie dodanych aminokwasow po inkubacji bez lub z dodatkiem fitazy mikro­
biologicznej wahalo si? od 0,37 do 1,15 (srednio 0,84) i od 0,49 do 1,17 (srednio 0,89), odpowiednio, 
w zaleznosci od aminokwasu, paszy i warunkow inkubacji. 


