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The influence of the form of phytic acid on the regulation of mucin and endogenous losses of amino acids, nitrogen and energy in chickens

was investigated. Forty-eight 10-week-old male broilers were grouped by weight into eight blocks of six cages with one bird per cage. Birds

received by intubation six dextrose-based combinations of phytic acid and phytase arranged in a 3 £ 2 factorial consisting of phytic acid form

(no phytic acid, 1·0 g free phytic acid or 1·3 g magnesium–potassium phytate) and phytase (0 or 1000 units). Each bird received the assigned

combination added to 25 g dextrose at each of the two feedings on the first day of experimentation. All excreta were collected continuously for

54 h following feeding and frozen until analysed. Frozen excreta were thawed, pooled for each bird, lyophilised, ground, and analysed for DM,

energy, nitrogen, amino acids, mucin, and sialic and uric acids. Chickens fed either magnesium–potassium phytate or free phytic acid showed

increased (P,0·05) loss of crude mucin and sialic acid. The amount of crude mucin lost was significantly greater (P,0·05) with magnesium–

potassium phytate than with free phytic acid treatment. Both phytic acid treatments also increased (P,0·05) endogenous loss of threonine,

proline and serine. In conclusion, the form of phytic acid fed to chickens affects the extent of mucin and endogenous amino acid losses

from the gastrointestinal tract.

Chickens: Endogenous loss: Mucin: Phytic acid

Phytic acid (inositol hexaphosphate, myo-inositol 1,2,3,4,5,
6-hexakis (dihydrogen phosphate)) is a naturally occurring
phytochemical common in foods such as nuts, legumes, cer-
eals and in all seeds(1). It occurs in plants as a mixed salt of
mainly magnesium and potassium(2). Phytic acid is a moder-
ately strong acid with twelve ionisable protons whose pKa

values range from 1 to 12(3). Over a wide pH range the phytate
ion has the capacity to chelate various cations between two
phosphate groups or weakly within a phosphate group(4).
The ability of phytates to form complexes with proteins and
other nutrients is thought to be one of the mechanisms
which exerts their antinutritional effects. Complexing with
proteins may lead to increased amino acid losses. Such loss
has been suggested as a possible explanation for the reduced
overall amino acid digestibility observed when wheat pento-
sans were fed to chickens by crop intubation(5). The chelating
ability may also explain the ability of phytates to directly or
indirectly inhibit some enzymes. Inhibition of enzymes such
as lipase(6) and a-amylase(7) is thought to occur via direct
chelation of the enzyme by formation of phytate–protein com-
plexes. On the other hand, the inhibition of pepsin seems to
result from phytates altering the solubility and structure of
the substrate so that the ability of pepsin to act on the substrate
is reduced(8,9). More recently, some studies have shown that
phytate feeding is accompanied by increased loss of not

only amino acids but also constituents of mucins such as
sialic acid. For example, an increase in endogenous loss of
amino acids, minerals and sialic acid has been reported
when chickens were fed phytic acid in the form of sodium
phytate(10,11). It was further demonstrated that the addition
of exogenous phytase reduced the loss of amino acids,
minerals and sialic acid caused by phytic acid feeding(10,11).
Because phytic acid occurs in plant foods as a mixed salt of
mainly magnesium and potassium, intestinal endogenous
effects of different forms and/or salts of phytic acid may be
more nutritionally relevant. Thus, it is of nutritional interest
to know whether the forms of phytic acid (as free acid or
magnesium–potassium phytate salt) exert different effects
on mucin and other endogenous losses. It is hypothesised
that the effects, on endogenous losses, of magnesium–potass-
ium phytate would be different from those of the free acid.
The effects of magnesium–potassium phytate, the salt closest
to the natural form of phytic acid, would more accurately
show the effects of dietary phytates on endogenous losses
than would the free acid. The objective of the present study
was, therefore, to investigate the effects of two different
forms of phytic acid (free acid and magnesium–potassium
phytate salt) on endogenous losses of mucin, amino acids,
nitrogen and energy in chickens, and to assess whether
exogenous dietary phytase ameliorates these effects.
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Materials and methods

General procedures

Forty-eight 10-week-old male broilers (Ross-308) were used in
the study. The birds were wing-banded and fitted with screw
caps on their vents, on to which collection bags for excreta
were attached later during the actual collection procedure(12).
They were individually weighed, arranged in descending
body weight and grouped into eight blocks of six cages each
with one bird per cage and assigned to six dietary treatments
in a randomised complete block design. Two dietary factors
including three phytic acid forms (no phytic acid, 1·0 g free
phytic acid (phytic acid solution, 50% w/w in water; Sigma-
Aldrich Corp., St Louis, MO, USA, catalogue no. 593648)
or 1·3 gmagnesium–potassium phytate (phytic acidmagnesium
potassium salt; Sigma-Aldrich Corp., St Louis, MO, USA,
catalogue no. P7660)), and two phytase levels (0 or 1000
units; Phyzyme XP, Danisco Animal Nutrition, Marlborough,
UK) were arranged in a 3 £ 2 factorial. The 1·3 g magnesium–
potassium phytate contained an equivalent of 1·0 g free acid.
When both forms of phytic acid ionise, they produce the phy-
tate ion which consists of an inositol ring with six phosphates
and has a strong chelating ability. Phyzyme XP phytase
used in the study is an Escherichia coli-derived 6-phytase
(EC 3.1.3.26) produced in Schizosaccharomyces pombe.
Each of the six treatments contained 25 g dextrose at each
feeding and birds were fed twice on the day of dosing
(Table 1). Each bird received an equivalent of 2 g
free phytic acid during the dosing day. The amount of
phytic acid fed was a conservative estimate of the amount
of phytate that 10-week-old male broilers are likely to con-
sume per day. A 10-week-old male broiler can consume at
least 230 g feed per day(13). Reddy et al. (14) have estimated
that phytates may constitute up to 30 g/kg of plant ingredients
used in monogastric diets. Therefore, depending on the diet, a
10-week-old male broiler can consume as much as 6·9 g

phytate/d. Hence a consumption of 2 g phytate/d would be a
conservative estimate of the amount of phytate such a broiler
is most likely to consume even in the likelihood that there are
low levels of phytates in the diet. All housing
and handling procedures were approved by the Purdue Univer-
sity Animal Care and Use Committee.

Experimental protocol

The experimental protocol followed is outlined in Table 1.
Feed was withdrawn from the birds for 24 h. Birds were
force-fed, by crop intubation, dextrose solution (25 g in
50ml water) at 24 and 30 h after feed was withdrawn. At 48
and 54 h following feed withdrawal they were fed their
assigned dextrose-based combinations of phytic acid and
phytase in 50ml water. All birds were fitted with an excreta
collection bag, at the initial time (at 48 h) of feeding the
assigned dextrose-based combinations, as previously described
by Adeola et al. (12). Collection bags were changed within the
first 6 h after placement and every 6–12 h thereafter during the
54 h collection period (Table 1). Collected excreta were
immediately frozen at 2208C until further processing.

Analytical procedures

Frozen excreta were thawed, pooled for each bird, lyophilised,
ground to pass through a 0·5mm screen, and thoroughly mixed
before analysis for DM, energy, nitrogen, amino acids, mucin,
and sialic and uric acids. Samples of excreta were oven-dried
at 1008C for 12 h for DM determination. Nitrogen in the
samples was determined by the combustion method using a
combustion analyser (Leco Model FP 2000; Leco Corp.,
St. Joseph, MI, USA). Analysis for amino acid content of
samples was conducted at the University of Missouri Exper-
iment Station Chemical Laboratory. Samples were hydrolysed
in hydrochloric acid followed by HPLC (AOAC procedure
no. 982.30 E (a, b, c)(15)). Samples for tryptophan determi-
nation were hydrolysed using barium hydroxide and those
for determination of methionine and cysteine were oxidised
in performic acid followed by hydrochloric acid hydrolysis.
Gross energy content of samples was determined by bomb
calorimetry using an adiabatic calorimeter (Parr 1261 bomb
calorimeter; Parr Instruments Co., Moline, IL, USA).

Crude mucin in the samples was prepared from lyophilised
excreta samples using a modification of the method described
by Lien et al. (16). Lyophilised samples (1 g) and 15ml
0·15M-NaCl were placed into 50ml plastic centrifuge tubes
maintained at 28C. Samples were homogenised for 1min
using a polytron homogeniser followed by centrifugation at
16 100 g at 28C for 30min. A 10ml aliquot of the supernatant
was pipetted into a pre-weighed 50ml centrifuge tube and
mixed with 15ml ice-cold absolute ethanol. The mixture was
kept overnight to extract at 2208C, centrifuged at 1400 g at
28C for 10min, and the supernatant was discarded. The pellet
was solubilised in 10ml 0·15 M-NaCl, cooled in an ice-bath
before the addition of 15ml pre-cooled absolute ethanol.
The mixture was kept overnight to extract at 2208C, centri-
fuged at 1400 g at 28C for 10min, and the supernatant was
discarded. This rinsing procedure was repeated. The tube

Table 1. Experimental protocol for feeding and excreta collection in
10-week-old male broilers fed dextrose-based combinations of phytic
acid and phytase

Time (h) Operation

0 Birds weighed, assigned to diets, feed withdrawn. Birds
allowed access ad libitum to water.

24 Birds placed in assigned cages. Each bird fed dextrose
solution (25 g in 50 ml water).

30 Each bird fed dextrose solution (25 g in 50 ml water).
48 Birds fed assigned dextrose-based material (in 50 ml water).

Collection bags screwed on to attached lids.
54 Birds fed assigned dextrose-based material (in 50 ml water).

Excreta collected and frozen. New collection bags
screwed into lids. Birds allowed access ad libitum
to water for 3 h.

60 Excreta collected and frozen. New collection bags screwed
into lids.

72 Excreta collected and frozen. New collection bags screwed0
into lids.

84 Excreta collected and frozen. New collection bags screwed
into lids. Birds allowed access ad libitum to water for 3 h.

96 Excreta collected and frozen. New collection bags screwed
into lids. Birds allowed access ad libitum to water for 3 h.

102 Excreta collected and frozen. Lids removed.
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containing the pellet was turned upside down, allowed to
drip-dry and weighed to get the weight of crude mucin
yield, followed by solubilising the pellet in 2ml double-
distilled water.
Sialic acid in the crude mucin samples was determined

using a modification of the method described by Surangkul
et al. (17) which is based on the earlier method described by
Jourdian et al. (18) and later modified by Bhavanandan &
Sheykhmazari(19). In our method, the mixture of periodic
acid and the sample was kept on ice for 35min instead of
60min as described by Surangkul et al. (17). In the method,
periodic acid oxidises sialic acids and their glycosides into a
light yellow chromogen. The chromogen product reacts with
Svennerholm resorcinol reagent to develop a blue colour,
whose absorbance at 620 nm is proportional to the sialic
acid concentration in the sample.

N-Acetylneuraminic acid (40ml; 0–9·5mg/well) or dissolved
samples were added into wells of a ninety-six-well microtitre
plate. Freshly prepared 1·3mM-periodic acid (50ml) was
added to each well and mixed for 5min at room temperature
using a plate shaker. The mixture was incubated on ice
for 35min to allow for oxidation of the sialic acids,
followed by the addition of 100ml freshly prepared resorcinol
reagent (6 g/l) and then mixed for 5min at room temperature
using a plate shaker. The plate was covered and heated
at 808C for 60min in a water-bath. Immediately thereafter,
the plate contents were cooled and mixed for 2min at
room temperature then 100ml 95% 2-methyl-propan-2-ol
was added to enhance and stabilise the colour. The contents
were mixed by shaking on a plate mixer for 5min at room tem-
perature and subsequently read at an absorbance of 620 nm.
Uric acid content of the excreta samples was determined as

follows: lyophilised samples (0·1 g) and 15ml 1·0 M-Na2CO3

were placed into 50ml plastic centrifuge tubes. Samples were
homogenised for 1min using a polytron homogeniser then
centrifuged at 16 100 g at 28C for 30min. The supernatant
was decanted into pre-labelled 15ml tubes. From each
sample, a 5ml aliquot was pipetted into a different 15ml
tube and 5·525ml 3·0 M-2-amino-2-hydroxymethyl-1,3-propa-
nediol hydrochloride buffer was added to lower the pH
to 8·25. The samples were subsequently diluted five
to ten times prior to the determination of uric acid content
using a commercial kit (ThermoTrace uric acid kit
no. TR24321; Thermo DMA, Louisville, CO, USA). In the
procedure, uric acid is oxidised to allantoin and hydrogen

peroxide. The peroxide reacts with 4-aminoantipyrine
and 2,4,6-tribromo-3-hydroxybenzoic acid in the presence
of peroxidase to yield a pink quinoneimine dye. The resulting
change in absorbance at 550 nm is proportional to the uric
acid content in the sample.

Calculations

Amounts of excreta collected were corrected for the total
uric acid content by subtracting total uric acid from the total
excreta collected. This was to reduce variation that may
occur due to differences in levels of uric acid excreted by the
different birds. Concentrations of energy, nitrogen, amino
acids, crude mucin and sialic acid in excreta were multiplied
by the corrected total excreta to obtain the total amount of
nutrients or compounds excreted. Amino acid losses were
expressed both as total amounts and as a proportion of the
total endogenous crude protein lost. Expressing amino acids
as a proportion of endogenous protein may indicate if the
treatments imposed caused a shift in composition of endoge-
nous proteins lost. The amino acid proportions of endogenous
protein were calculated as follows: total nitrogen was multi-
plied by 6·25 to obtain the total endogenous crude protein;
the proportion (%) of crude protein excreted as a particular
amino acid was obtained by dividing the amount of amino
acid by the total endogenous crude protein and then mult-
iplying by 100.

Statistical analysis

Data were analysed using two-way ANOVA using the GLM
procedures of the Statistical Analysis Systems statistical pack-
age release 8.1 (SAS Institute, Cary, NC, USA) appropriate
for a randomised complete block design. The individual bird
was the experimental unit. The level of statistical significance
was set at P,0·05. Means were separated using orthogonal
contrasts.

Results

The amount of uric acid excreted by the chickens showed a
trend (P¼0·07) towards being affected by the form of phytic
acid (Table 2). Chickens intubated with either form of
phytic acid tended to excrete more uric acid (0·41 g) compared
with those that did not receive phytic acid (0·28 g).

Table 2. Main effect means of the form of phytic acid and supplemental phytase on total energy, nitrogen, crude mucin and sialic acid (units/bird
per 54 h) excreted by 10-week-old male broilers fed dextrose-based combinations of phytic acid and phytase‡

Phytic acid form Phytase (units)

Item No phytic acid Free phytic acid Magnesium–potassium phytate 0 1000 Pooled SEM

n 16 16 16 24 24
Energy (kJ) 141·9 145·8 148·7 147·9 143·0 8·9
Nitrogen (g) 2·13 2·08 1·99 2·12 2·02 0·13
Crude mucin (g) 3·05 4·57* 8·00*† 5·55 4·87 0·64
Sialic acid (mg) 0·30 0·59* 0·49* 0·41 0·50 0·08
Uric acid (g) 0·28 0·37 0·44 0·34 0·39 0·06

Mean values of the average of the ‘Free phytic acid’ and ‘Magnesium-potassium phytate’ groups were significantly different from those of the ‘No phytic acid’ group: *P,0·05.
Mean value was significantly different from that of the ‘Free phytic acid’ group: †P,0·05.
‡ For details of procedures, see Materials and methods section and Table 1. Values of energy, nitrogen, crude mucin and sialic acid were calculated using excreta values that

had been corrected for uric acid.
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There was no interaction (P . 0·05) between phytic acid
form and phytase on mucin, sialic acid, energy, nitrogen and
amounts of amino acids excreted (Tables 2–4); hence only
the main effect means for mucin, sialic acid, energy, nitrogen
and amino acids are presented.

The effect of the form of phytic acid was significant (P,0·05)
for crude mucin and sialic acid in the excreta (Table 2). Chickens
intubated with phytic acid had more (P,0·05) crude mucin and
sialic acid in their excreta (6·3 and 0·54 g, respectively) compared
with those that were not given any phytic acid (3·1 and 0·30 g,
respectively; Table 2). The increase in crude mucin was greater
(P,0·05) in the magnesium–potassium phytate group (8·00 g)
compared to the free phytic acid group (4·57 g). Total energy
and nitrogen excreted by the bird were not affected by the form
of phytic acid (Table 2).

There was no mucin or sialic acid secretion response to
phytase supplementation. Also the addition of microbial phy-
tase did not affect the amount of energy, or nitrogen excreted
by the chickens (Table 2).

Chickens that received free phytic acid or magnesium–pot-
assium phytate excreted more (P,0·05) threonine (84mg),
proline (116mg) and serine (75mg) compared with the
no-phytic acid group (69, 96 and 63mg, respectively;
(Table 3). On the other hand, when amino acid loss was
expressed as a proportion of the total crude protein, a similar
trend in the amino acid loss was noted (Table 4). Phytic acid
treatment increased the proportion (%) of crude protein lost
as arginine, threonine, glycine, proline and serine from 0·42,
0·53, 2·18, 0·72 and 0·47 to 0·55, 0·68, 2·67, 0·93 and 0·61,
respectively. The proportion of histidine, lysine, phenylalanine,
tryptophan, alanine, aspartate, cysteine and glutamate also
showed a trend towards increased loss when birds received
the phytic acid treatment (Table 4).

Phytase supplementation did not affect the amount of amino
acids excreted, regardless of whether they were expressed
as total amounts or as a proportion of the crude protein
(Tables 3 and 4).

Discussion

Endogenous losses form the portion of excreta which comes
from the animal itself and is not of dietary origin. These
endogenous losses consist mainly of sloughed cells and
secretions from the digestive tract. In the present study,
changes in mucins, energy, nitrogen and amino acids were
used as indicators of endogenous loss in response to feeding
various forms of phytic acid with or without supplemental
microbial phytase. Mucins are among the indicators used for
endogenous losses in the present study. They are large glyco-
proteins that make up the structure of mucus that cover epi-
thelial cells lining ducts such as the digestive tract(20). The
glycoproteins are composed of peptide backbones that have
highly glycosylated domains rich in proline, threonine and
serine(21). Because mucins have a peptide core, it would
follow that a change in the quantity of mucins lost would
directly affect the quantity of amino acids lost(16).

Phytates in the diets of non-ruminant animals are considered
to be anti-nutritional in their effects because they reduce the
digestion and absorption of nutrients by the animal. These
effects are mediated by the phytate ion, which because of its
twelve ionisable protons, whose pKa values range from 1 to 12,
has a capacity to chelate various cations between two phosphate
groups or weakly within a phosphate group(3,4). This, therefore,
allows the phytate ion to form complexes with a variety of
nutrients in feedstuffs or in the gut(4,22). It is the formation
of such complexes that might reduce the digestion of complexed

Table 3. Main effect means of the form of phytic acid and supplemental phytase on total amino acids (mg/bird per 54 h) excreted by 10-week-old male
broilers fed dextrose-based combinations of phytic acid and phytase‡

Phytic acid form Phytase (units)

Item No phytic acid Free phytic acid Magnesium–potassium phytate 0 1000 Pooled SEM

n 16 16 16 24 24
Indispensable amino acids

Arginine 55·6 67·5 66·9 66·3 60·4 5·80
Histidine 30·6 39·4 40·6 40·4 33·3 6·51
Isoleucine 46·3 51·3 51·9 52·1 47·5 5·20
Leucine 75·6 85·6 85·0 86·7 77·5 7·81
Lysine 67·5 79·4 75·6 77·1 71·3 7·81
Methionine 19·4 21·3 22·5 22·1 20·0 2·93
Phenylalanine 47·5 53·8 53·8 54·2 49·2 4·95
Threonine 68·8 85·0* 83·8* 81·7 76·7 6·43
Tryptophan 16·3 16·9 16·3 16·3 16·7 1·80
Valine 63·1 71·3 70·0 71·3 65·0 6·72

Dispensable amino acids
Alanine 78·1 88·1 88·1 87·9 81·7 8·24
Aspartate 113·8 135·0 132·5 132·1 122·1 11·17
Cysteine 35·0 36·9 37·5 36·7 36·3 3·11
Glutamate 180·6 205·0 205·6 202·9 191·3 16·48
Glycine 290·6 333·8 343·8 329·2 316·3 28·92
Proline 95·6 119·4* 113·1* 107·5 111·3 8·84
Serine 62·5 75·0* 75·6* 72·1 70·0 5·69
Tyrosine 41·3 45·6 45·0 46·7 41·3 4·74

Total of all amino acids 1525·6 1765·0 1791·9 1739·6 1648·8 12·55

Mean were of the average of the ‘Free phytic acid’ and ‘Magnesium-potassium phytate’ groups were significantly different from those of the ‘No phytic acid’ group: *P,0·05.
‡ For details of procedures, see Materials and methods section and Table 1. Values were calculated using excreta values that had been corrected for uric acid.
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nutrients and also reduce their availability for absorption. In the
present study, birds fed phytic acid had increased loss of mucin,
sialic acid and some amino acids. Cowieson et al. (10) reported
similar findings when chickens were fed sodium phytate.
Findings in the current study extend such observations to
magnesium–potassium phytate, whose composition is close to
that of the natural form of phytic acid. Birds fed magnesium–
potassium phytate showed increased excretion of mucin, sialic
acid and some amino acids when compared with birds that
were not fed phytic acid. In fact, birds fed magnesium–potass-
ium phytate excreted more mucin than those fed free phytic
acid. The mechanism by which phytates increase endogenous
losses of mucin and amino acids is not fully understood.
In the present study, birds fed the two phytic acid forms

showed an increase in mucin and sialic acid content of the
excreta. The increase in mucin loss was greater with mag-
nesium–potassium phytate feeding than with free phytic acid
feeding. The patterns of change in crude mucin and sialic acid
observed in the present study are similar. Thiswould be expected
because sialic acid is a major component of mucin and was
determined from the crudemucin preparations. The exact mech-
anism by which phytic acid caused an increase in mucin pro-
duction is not clear. One possible explanation could be related
to roles of mucins in the digestive tract. Mucins are known to
play important protective and lubrication roles in the digestive
tract(23,24). They have also been implicated to play other roles
including adhesion, renewal, differentiation and signalling of
epithelial cells(25). Irritation of epithelial surfaces often results
in increasedmucin secretion(26,27). It is possible that the increase
inmucin production, observedwhen phytic acidwas fed to birds,
may be a response of the gut mucosa lining to irritation by
the different phytic acid forms. If this explanation is true, it
may imply that magnesium–potassium phytate feeding which

elicited more mucin production than free phytic acid may be
more irritating to the gut lining compared to free phytic acid.
Therefore the presence of magnesium–potassium phytate
would cause more mucin secretion to counter the irritation.
Another explanation is related to the solubility of the two
forms of phytic acid in the small intestine. Magnesium phytate,
in particular, has been shown to be soluble below pH 5·5 and
its solubility rapidly declines when this pH is exceeded(28).
The uncomplexed free acid would be expected to be soluble at
amuchwider pH range than themagnesium–potassiumphytate.
The pH in the small intestine is alkaline and hence the solubility
of magnesium–potassium phytate will be much reduced
compared to that of the free acid. This solubility difference of
the two forms will affect their susceptibility to breakdown
by endogenous or exogenous phytase in the digestive tract.
Magnesium–potassium phytate is likely to persist longer in
the intestine and therefore it is more likely to cause more
mucin release compared to the free acid.

Phytic acid feeding increased not only the loss of mucin but
also that of threonine, proline and serine amino acids. The
increased amino acid loss was extended to include arginine
and glycine, along with threonine, proline and serine, when
the amino acid loss was expressed as the proportion of
endogenous crude protein. Increase in amino acid loss is a
finding that is in agreement with that of Cowieson et al. (10),
who reported an increase in the loss of most of the amino
acids measured when chickens were fed phytic acid. A more
recent study by Cowieson and Ravindran(11) has also reported
increased flow of most of the amino acids at the ileum when
birds were fed purified diets containing phytic acid. In contrast
to the present study, the study by Cowieson and Ravindran(11)

did not show an increased loss of proline but, like the Cowieson
et al. (10) study, they did report increased loss or flowof threonine

Table 4. Main effect means of the form of phytic acid and supplemental phytase on the proportion (%) of total crude protein excreted as amino acids
(per bird/54 h) by 10-week-old male broilers fed dextrose-based combinations of phytic acid and phytase‡

Phytic acid form Phytase (units)

Item No phytic acid Free phytic acid Magnesium–potassium phytate 0 1000 Pooled SEM

n 16 16 16 24 24
Indispensable amino acids

Arginine 0·42 0·54* 0·55* 0·52 0·49 0·05
Histidine 0·23 0·30 0·33 0·31 0·27 0·04
Isoleucine 0·35 0·40 0·42 0·41 0·37 0·04
Leucine 0·57 0·69 0·70 0·68 0·63 0·07
Lysine 0·51 0·63 0·61 0·60 0·57 0·06
Methionine 0·15 0·18 0·19 0·19 0·16 0·02
Phenylalanine 0·36 0·44 0·44 0·43 0·40 0·04
Threonine 0·53 0·68* 0·68* 0·64 0·62 0·05
Tryptophan 0·12 0·13 0·13 0·13 0·13 0·01
Valine 0·48 0·57 0·59 0·56 0·53 0·06

Dispensable amino acids
Alanine 0·59 0·70 0·72 0·69 0·66 0·06
Aspartate 0·87 1·07 1·08 1·03 0·99 0·10
Cysteine 0·26 0·30 0·30 0·29 0·29 0·02
Glutamate 1·38 1·63 1·68 1·58 1·55 0·13
Glycine 2·18 2·56* 2·78* 2·50 2·51 0·18
Proline 0·72 0·94* 0·92* 0·83 0·89 0·06
Serine 0·47 0·60* 0·62* 0·56 0·56 0·05
Tyrosine 0·32 0·37 0·38 0·37 0·34 0·04

Total of all amino acids 11·61 13·93* 14·59* 13·47 13·28 0·98

Mean values of the average of the ‘Free phytic acid’ and ‘Magnesium-potassium phytate’ groups were significantly different from those of the ‘No phytic acid’ group: *P,0·05.
‡ For details of procedures, see Materials and methods section and Table 1. Values were calculated using excreta values that had been corrected for uric acid.
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and serine. In the study by Cowieson et al. (10), proline was not
among the amino acids measured. The present study is more
similar to the study by Cowieson et al. (10). It would have
been interesting to know how this particular amino acid
behaved in their study. The major amino acids that constitute
mucins include threonine, serine and proline in the major
domain and cysteine in the minor domain(10,29). Because
phytic acid feeding increased mucin excretion in the chickens,
the increased loss of threonine, proline and serine is most
probably due to the increase in mucin excretion. The obser-
vation that these three major constituent amino acids of
mucin showed increased loss when phytic acid was fed
strongly suggests that the main mechanism by which phytates
increase amino acid flow is by inducing an increase in mucin
excretion. An increase in mucin secretion will directly cause
an increase in amino acid flow because the mucin structure
consists of a peptide core of various amino acids.

Phytate-induced increase in amino acid flow has previously
been attributed primarily to compensatory oversecretion of
digestive enzymes in response to their inhibition(30,31). This
explanation is mainly based on a number of in vitro studies
that have indicated that phytates may, directly or indirectly,
inhibit digestive enzymes such as pepsin(8,9), lipase(6), carboxy-
peptidase A(32), chymotrypsin(33) and a-amylase(7). The extent
of such inhibition occurring in vivo has not been verified and
remains largely speculative. If, however, there is appreciable
in vivo phytate inhibition of these enzymes, it could lead to com-
pensatory oversecretion of the inhibited enzymes and this may
directly lead to increased endogenous amino acid losses. In par-
ticular, an oversecretion of pepsin would increase the presence
of the enzyme in the stomach lumen and this has been shown
to stimulate mucus secretion(34). This increase in mucus
secretion could result in increased mucin and amino acid flow.
The contribution of compensatory oversecretion of enzymes
to the phytate-induced increase in amino acid flow remains
speculative until the extent of the in vivo phytate inhibition of
digestive enzymes is known.

The finding that magnesium–potassium phytate caused
greater mucin loss compared to free acid could have direct
implications on the digestion of poultry diets containing plant
ingredients, which may contain phytates. This is because mag-
nesium and potassium are among the most predominant cations
in the phytin molecule. Indeed magnesium–potassium phytates
may be the major contributor to the anti-nutritional effects of
feed phytates. Hence, it is beneficial to hydrolyse phytates in
diets in order to reduce the endogenous losses they induce.

In the present study and a similar study byCowieson et al. (10),
intact birds were used. Therefore, results of the effects of phytic
acid from the two studies reflect what happened throughout
the entire digestive tract with the possible modification of the
endogenous amino acid flowbymicroflora in the lower digestive
tract. Cowieson and Ravindran(11), utilising ileal contents of
birds, reported an increased flow of threonine and serine, two
of the major mucin constituent amino acids, when birds were
fed synthetic diets containing sodium phytate. This would indi-
cate that themucin effect of phytic acid is not onlymeasurable at
the end of the entire digestive tract but it is already present even
at the level of the ileum. It would be interesting to apportion
the mucin loss to the different sections of the gastrointestinal
tract. For example, studies utilising intact and caecectomised
birds could be useful in assessing the contribution of the caeca

to the total mucin and amino acid losses. The influence of
caecal microflora on total mucin loss may be affected by the
amounts of mucins secreted in the different portions of the gas-
trointestinal tract. It is known that although mucus is secreted
throughout the digestive tract, secretion varies with the section
of the gastrointestinal section(35). For example, the adherent
mucus secretion gradually increases from the jejunum to the
colon(35) and these regional differences could affect the relative
influence of the caecum on the overall mucin loss.

In the present study, phytase supplementation did not change
the endogenous loss of amino acids in chickens fed phytic acid.
In contrast to the present study, Cowieson et al. (10) reported that
the increase in endogenous loss of sialic acid, amino acids and
minerals, noted when chickens were fed phytate, was reduced
when exogenous phytase was fed together with the phytate.
More recently, Cowieson & Ravindran(11) have reported similar
findings that phytase supplementation to a diet with added phy-
tate reduced the amount of endogenous amino acid flow at the
ileum. Although the study byCowieson et al. (10) and the present
study are quite similar, the difference in the phytase supplemen-
tation response in the two studies may have been due to the
bird ages (6 v. 10 weeks) and the different sources of phytase
used. Nevertheless, the action of phytase (myo-inositol-hexa-
kisphosphohydrolase), a fairly specific phosphohydrolase for
phytate(36), is well documented. It hydrolyses ester bonds
between inositol and phosphate groups in the phytate molecule
to release inositol monophosphate and orthophosphate via inosi-
tol penta- to mono-phosphates as intermediary products(14,36).
By hydrolysing phytate, exogenous phytase removes phytate
whose presence seems to induce an increase in endogenous
amino acid losses. This observation underscores the importance
of using supplemental phytase in diets for monogastric animals
to reduce anti-nutritional effects of phytates.

Birds are classified as uricotelic animals because they get rid
of excess nitrogen by converting it into uric acid before excret-
ing it. In the present study, chickens fed phytic acid showed a
trend towards increased excretion of uric acid. This may be an
indication that, somehow, inositol hexaphosphate or its break-
down products may be increasing uric acid synthesis. Inositol
phosphates are well-known second messengers in cells(37,38)

and it is possible that they could be playing a role in up-regulat-
ing the uric acid synthetic pathway in birds.

In summary, intubating chickens with magnesium–potass-
ium phytate or free phytic acid increased the loss of mucin and
sialic acid with the loss of mucin being greater with the mag-
nesium–potassium phytate than with free phytic acid treatment.
Phytic acid feeding also increased endogenous loss of threonine,
proline and serine. The findings agree with the hypothesis that
the different forms of phytic acid would have different effects
on endogenous losses. In conclusion, the form of phytic acid
fed to chickens affects the extent of mucin and endogenous
amino acid losses from the gastrointestinal tract.
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