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OPTIMUM DIETARY ELECTROLYTE BALANCE AS INFLUENCED
BY PHOSPHORUS LEVEL FOR GROWING BROILERS

R.J. JOHNSON* and H. KARUNAJEEWA*

SUMMARY

Two main experiments and an auxiliary experiment were carried out
to determine the effects of dietary available phosphorus and electrolyte
balance on the growth performance and acid-base balance of broiler
chickens. The results showed that mineral balance can affect the growth
performance of broiler chickens fed practical-type diets in essentially
commercial situations, and indicate that total cation-anion balance can
have greater importance than electrolyte balance in Australian diets.
Preliminary information on the effects of available phosphorus and
electrolyte balance on acid-base balance indicated that this was not
markedly affected within the range of cations and anions examined.
Mortality and the incidence of leg disorders were increased in diets which
contained high chloride levels (0.54%) and low electrolyte balance.

INTRODUCTION

Normal tissue function and development depend on various homeo-
static mechanisms which regulate and maintain the composition of body
fluids . These body fluids contain osmotically active substances,
principally electrolytes such as sodium, potassium, calcium, magnesium,
chloride, bicarbonate and phosphorus, which have many complex functions
in the body including tissue formation, osmotic pressure regulation,
acid-base balance, nerve impulse conduction, enzymatic reactions and
muscle contraction. Minerals are required in the diet at certain
minimal levels for all animals, but it is now well recognized that
relationships exist between mineral elements in that each cannot be
considered independently (see Austic 1980 for review). The balance of
cations and anions in the diet of growing chickens can affect growth
rate (Nesheim et al. 1964; Melliere and Forbes 1966; Mongin and Sauveur
1977; Nelson x5. 1981), acid-base balance (Hurwitz et al. 1973;
Sauveur and MoGirl978; McNab et al. 1981) 9 the incid=crof mortality
and leg disorders (Leach and Nesheim1972; Sauveur and Mongin 1978)
and digestion (Nelson et al. 1981; McNab et al. 1981). *- - - s

Australian poultry diets often contain a high proportion of meat
and bone meal which could result in a greater variability of mineral
balance than, for overseas diets. The evidence indicates that the mineral
content, of meat and bone meal has some importance in determining their
ability to support growth and influence mortality (Beilharz and McDonald
1960; Sathe et al. 1964; Karunajeewa 1976) but the basis of these
effects is GiEnG. Although Mongin (1981a; 1981b) considered that for
practical purposes total mineral balance'could be ignored in favour of
'electrolyte balance' (Na + K - Cl, mEq), the effects of other ions such
as magnesium and phosphorus (Nelson et al. 1981) and sulphate (Nesheim

'-":et al. 1964) may be important in cer=ircircumstances.  Certainly
phosphorus  is of vital importance in the animal body (Swenson 1977), and
may vary considerably in diets based on meat meal.

. . . .* Avian Science Section, AnImal Research Institute, Department of
Agriculture, Werribee, Victoria, 3030.
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TWO main experiments were therefore carried out to determine the
effects of available phosphorus and electrolyte balance on the growth
performance of broiler chickens. Level of minerals used were within the
normal range for commercial broiler rations and the results provide clear
evidence of the effects of available phosphorus and electrolyte balance
on the growth of broiler chickens.

MATERIALS AND METHODS

Experiment 1

Plan

One thousand six hundred and eighty day-old broiler chickens with
males and, females..kept separate were allocated at random to the experi-
mental diets. At each of two available phosphorus (AP) levels (0.43%
and 0.78X of diet) there was four electrolyte balance (EB) levels (150,
200, 250, 300)) which were calculated according to Mongin ( 1981a; 1981b)
as (Na + K ~-cl) expressed as mEq/kg of diet. The experiment, which
commenced in September 1982, was a 4 x 2 x 2 x 3 factorial with a random-
ized complete block design where the factors were electrolyte balance,
available phosphorus level) sex and block, respectively.

Husbandry

Birds were housed in a temperature controlled, fan ventilated shed
with 48 floor pens (3.731 m2/pen) which contained a deep litter of wood.
shavings l Thirty-five day-old checkens were placed in each pen, giving
a floor area of 0.099 m2/bird  after correction for waterers and feeders.
Infra-red brooding lamps were provided 24 h/d for birds to 21 d of age,
then for a further 3 d from 1700 h to 8088 h. Ambient temperature in the
shed was maintained at
at 21OC.

260 C until birds were 21 d of age and thereafter
Ventilation of the shed was 316 m3/min, and photoperiod was

23 h/d with lights off ‘between midnight and 0100 ho Fresh town water of
analysed mineral composition of Na (4 ppm), Cl (12 ppm) and K (0.7 ppm)
was available from plastic automatic drinkers and two tube feeders were
provided for each pen.

Diets

Di.ets were formulated according to the known nutrient requirements
of broiler chickens (ARC, 1975). The determined composition of the major
dietary ingredients which were used is given in Tab1.e 1 and the composit-
ion of the starter and finisher basal diets is given in Table 2. Sodium
chloride (NaCl), sodium bicarbonate (NaHC03)  and potassium carbonate
(K$O3) were added to the basal diets in order to achieve EB levels of
150, 200, 250 and 300 mEq/kg of diet at each level. The quantities of
salts added to the basal diets and the analyses of the diets are given
in Table 3. Phosphorus levels of diets were altered by adding dicalcium
phosphate. Adjustments were made to the limestone content (see Table 2)
to maintain calcium levels.

Food intake for birds in each pen was measured over 7 d periods,
Liveweights were measured at day-old and when the birds were 21 d and
49 d of age by group weighing on a pen basis. At 49 d of age two birds
in each pen (six birds/treatment) were starved ( 1700 h - 0800 h),
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liveweight measured and slaughtered and processed to determine weight
of the abdominal fat pad, dressing percentage and moisture retention.
Moisture retention was determined by chilling the eviscerated carcass
in a water tank for 3 h then draining for 1 h followed by re-weighing.
Tibia1 leg bones at 49 d, blood sera and plasma at 21 d and 49 d of age
were sampled for mineral analyses but these results are unavailable at
this time. Litter moisture was determined by sampling at three locations
in each pen. Samples were oven-dried at 80°C for 7 d.

Experiment 2

Plan

This experiment which commenced in March 1983, consisted of two
parts. The first and major part was an experiment essentially similar to
Experiment I with birds in floor pens in a temperature controlled shed.
The second, carried out in conjunction with the first, involved a small
number of birds housed in a wire-cage brooder unit from 0 - 21 d of age.
The aim of this smaller experiment was to measure the effect of EB and
AP on (a) the metabolisable energy (AME) content of the starter diets,
on (b) water intake and moisture content of excreta, and on (c) acid-base
balance. These two experiments will be referred to as Experiment 2A
(shed) and 2B (brooder).

In Experiment 2A, 1536 day-old male broiler chickens were allocated
at random to the experimental diets. At each of three AP levels (0.43%,
0.60% and 0.78% of diet) there were four EB levels (150, 200, 250 and
300 mEq/kg). The experiment was a 4 x 3 x ci factorial with a randomized
complete block design where the factors were EB level, AP level and
block, respectively.
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In Experiment 2B, I20 birds of the same batch were allocated at
day-old to a six-tiered electrically-heated brooder unit with four cages
per tier, Birds received the same starter diets as those birds in
Experiment 2A but only the low (0.43%) and high (0.78%) AP levels were
used. The experiment was a 4 x 2 x 3 factorial with a completely random
design where the factors were EB level, Al? level and replications,
respectively.
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TABLE 3 Composition and analyses of the experimental diets
(Experiment I).

Husbandry

Shed conditions (Experiment 2A) were essentially similar to those '
in Experiment I, except only thirty-two birds were placed in each pen.
In Experiment 2B, five day-old chickens were placed in each of the 24
broodeg cages. Temperature in the brooder during the first 7 d period
wag 35 C and gradually decreased thereafter such that temperature was
25 C whenthe birds were 21 d of age.

Diets .

Type and composition of the ingredients and diets were similar to
those given for Experiment 1 (see Tables 1 and 2). Sodium chloride
(NaCl), sod ium bicarbonate (NaHCOa), potassium chloride (KCl) and
potassium carbonate (KzC03) were added to the basal diets in order to
achieve the four EB levels at each of the three AP levels. The quantit- -
ies of salts added to the basal diets and the analyses of the diets are
given in Table 4.

Measurements

In Experiment 2A food intake for birds in each pen was measured
over 7 d periods. Liveweights were measured at day-old and when the
birds were 21 d, 42 d and 49 d of age by group weighing on a pen basis.
At 7 d, I4 d, 28 d and 35 d of age a sample of IO birds per pen were
weighed.

In Experiment 2B birds were wing-banded and food and water intake
for birds in each cage were measured over 7 d periods, and liveweights
of individual birds at day-old and at 7 d, I4 d and 2 1 d of age. Water
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TABLE 4 Composition and analyses of the experimental diets
(Experiment Z)?

turnover was measured in two birds per cage (six birds/treatment) over
the period 14 - 21 d of age. Birds were injected with tritiated water.
(10 pCi/kg liveweight) and blood sampled from the wing vein 3 h and
again 6 d after injection. Specific radioactivity of plasma samples
was determined in a Tri-Carb scintillation counter using standard-
procedures. At 21 d of age a further two birds per cage were selected
and blood samples (2 ml) taken from the wing vein into heparinised
syringes which were sealed and placed on ice prior to measurement of
pH, pCO2, ~02 and HCO; using a Corning pH/Blood Gas analyser.

Metabolisable energy (ME) content of the starter diets was
measured by total collection of the excreta over a four-day period
between 14 - 21 d of age (Experiment 2B),

Chemical Analyses and Calculations

proximate and mineral analyses of the diets were carried out using
standard procedures (AOAC, 1975). Phytate was determined by the method
of Latta and Erkin (1980). The balance between total’cations and
anions in the .diets was calculated-using the assumptions given by
Melliere and Forbes (1966).

Statistics

Results from Experiments 1 and 2A were analysed by factorial
analysis with block effect, and results from Experiment 2B were

' analysed by two-way analysis of variance.
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RESULTS

ExDeriment 1

Mortality and culls in the period from when the birds were day-old
to 21 d of age was 2.3% and from 21 d to 49 d of age it was 1.1%. There
were no significant effects of AP level of EB or sex on mortality and.-
cu l l s . '. .

Liveweights at 21 d and 49 d of age are given in Table 5, and
liveweight gain, food intake and food conversion ratios are given in
Table 6. Birds which received diets with high AP rather than low AP
had lower (P c 0.01) liveweights at 21 d (523 g versus 560 g) and at
49 d (2134 g versus 2191 g) of age.

There was a significant (P < 0.01) effect of sex on the influence
of AP on Iiveweight at 2 1 d and 49 d of age, in that high AP diets caused
a greater reduction in liveweight relative to low AP diets for males
rather than females l The adverse effects of high AP on liveweight at
49 d of age were partially alleviated at the two highest levels of EB
(250 and 300 mEq/kg). The optimum EB in diets with low AP appeared to
be 200 mEq/kg, but liveweight at 49 d of age was only significantly
(P c 0.05) greater at this EB than at 300 mEq/kg. Although high EB
alleviated the effects of high AP, the liveweights attained were not as
great as for low AP-diets at 200 &q/kg. This was probably related to
cat ion-anion balance S which is shown in Figure I.

TABLE 5 The effects of dietary available phosphorus level and
electrolyte balance on liveweights of male and female
broiler chickens at 21 d and 49 d of age (Experiment 1).

Food intake was depressed by high AP both between O-21 d (P c 0.01)
and 21-49 d (P c 0.05) of age. There was a significant (P < 0.05) inter-
action between AP and EB between O-21 d of age; food intake (O-21 d)
was lower on the low AP diets at the two highest EB levels (250 and
300 mEq/kg) relative to the lower levels of EB. These effects were not
evident for diets with high AP. High AP increased (P c 0.05) food
conversion (FCR) between O-21 d of age.

Dressed carcass weights, moisture retention and abdominal fat pad
weights, expressed as a percentage of liveweight, for birds slaughtered
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Dressed carcass weights, moisture retention and abdominal fat pad
weights, expressed as a percentage of liveweight, for birds slaughtered
at 49 d of age, are given in Table 7. Dressed carcass weight (W of
liveweight) was slightly but significantly (P c 0.05) lower for birds
on the high AP rather than the low AP diets (68.7% versus 69.6%) but was
not affected by EB or sex. However there was a significant (P < Or05)
interaction between AP and EB (see Table 7). .Moisture retention in
the carcass as measured by the procedure given (see Materials and Methods)
was not influenced by AP, EB or sex. Abdominal fat pad weight (X of
liveweight) was increased (P < 0.05) by high AP compared with low AP in
the diet (3.12% versus 2.82%) and females had a higher (P c 0.01)
abdominal fat pad weight (W of ,liveweight) than males (3.39% for females
compared to 2.54% for males). EB had no apparent influence on this trait
nor was there any interactions detected.

Mean litter moisture was 11.2% when the birds were 21 d of age and
was not affected by AP, EB or sex. At 49 d of age litter moisture was
higher (P c 0.05) for those pens in which birds received the high AP
rather than the low diets (26.5% versus 23.8%).
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Experiment 2A

Mortality in the period from when the birds were day-old to 21 d of
age was 2.2% and from 21 d to 49 d of age it was 1.7%. The overall
(O-49 d) mortality (including culls) was higher (P < 0.05) on diets with
an EB level of 150 mEq/kg than on the other diets. The proportion of
birds affected by leg disorders and curled toes decreased with increasing
EB.

TABLE' 6 The effects of dietary available phosphorus level and
electrolyte balance on liveweight gain, food intake and
food conversion of male and female broiler chickens
between day-old to 21 d of age and between 21 d to 49 d
of age (Experiment 1).

Liveweights at 21 d, 42 d and 49 d of age are given in Table 8,
and 1 ivewe igh t gain ) food intake and food conversion ratios are given in
Table 9. Similar to the effects obtained in Experiment I high levels of
available phosphorus reduced (P < 0.01) liveweight at 21 d of age;
means were 632 g, 619 g and 603 g for birds on the low, medium and high
AP diets respectively. However, liveweights at 42 d and 49 d of age
were not significantly affected by dietary level of AP although the
trends were similar; mean liveweights at 49 d of age were 2360 g,
2344 g and 2335 g for birds on the low medium and high AP diets -
respectively. The effects of total cation-anion balance on liveweights
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at 2 1 d, 42 d and 49 d of age are shown in Figure 2. Food intake was
slightly but not significantly reduced by high AP diets between day-old
and 21 d of age and between’ 21 d to 49 d of age. Food conversion was
higher (P < 0.05) between day-old and 21 d of age for birds on both the
medium and high AP diets compared with those on the low AP diet. There .
was an interaction (P c 0.05) between AP level and EB for liveweight at
21 d of age, due to birds on the EB diet of 200 mEq/kg being heavier than
birds on 150 and 300 mEq/kg for the low AP diet. EB was without effect
on the medium and high AP diets for liveweight at 21 d of age. However
liveweight at 49 d of age was influenced (P < 0.05) by EB with an
optimum of 250 mEq/kg; means were 2317 g, 2340 g, 2377 g and 2351 g for
birds on diets with an EB of 150, 200, 250 and 300 mEq/kg respectively.
Litter moisture was higher (P < 0.01) in pens which received the lowest
EB diet ( 150 mEq/kg) at 21 d of age (21% litter moisture for EB of 150
versus, 15% for diets with other EB levels) and there was a tendency for
higher litter moisture with the high AP diet at 49 d of age but this was
not signif icant l Dressed carcass weight (X of liveweight) averaged
68.2% and was unaffected by dietary treatment.

Figure 2* The effect of dietary cation-
anion balance on the liveweight
of broiler chickens at 2 1 d,
42 d and 49 d of age
(Experiment 2).
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TABLE 7 The effects of dietary available phosphorus level and
electrolyte balance on the dressing percentage, moisture
retention and abdominal fat content of male and female
broiler chickens 49 d of age (Experiment 1).

TABLE 8. The effects of dietary available phosphorus level and
.electrolyte balance on liveweight of male broiler
chickens at 2 1 d, 42 d and 49 d of age (Experiment 2A).
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Experiment 2B :

Four birds died during the experiment, two due to starvation,
one due to naval infection and another to fatty liver disease. Similar
to Experiment 2A, liveweight at 21 d of age was lower (P c 0.01) for
birds on ‘high rather than low AP diets (581 g versus 6 11 g), and food
intake was reduced (P < 0.05) in a similar manner (890 g for high AP
compared to 941 g for low AP diet). Results are given in Table IO.
EB did not affect either liveweight at 21 d or food intake from day-old
to 21 d of age. Food conversion and water intake were not influenced by
either AP or EB. However the food:water ratio was reduced (P < 0.01)
by high AP compared to low AP (0.56 versus 0.6 1) and was reduced
(P c 0.05) by diets with a low EB compared to a higher EB (means were
0.56, 0.58, 0.59 and 0.61 for EB of 150, 200 and 300 mEq/kg respectively).
The parameters measured when the birds were 22 d of age to assess acid-
base balance, blood pH, HCO& pCO2 and ~02, were not influenced by either
AP or EB. There was a tendency for pH to increase with increasing EB in
the diet; means were 7.297, 7.319, 7.329 and 7.369 for diets of 150, 200,
250 and 300 mEq/kg respectively.

DISCUSSION

Available phosphorus level was the major dietary factor which
determined the growth of broiler chickens in the present studies.
Electrolyte balance calculated as described by Mongin ( 1981a; 1981b) had
some influence in that higher levels of sodium and potassium improved
final liveweight when the diet contained relatively high levels of avail-
able phosphorus. Since Australian broiler diets may contain a high pro-
portion of meat and bone meal (7014%) the available phosphorus level can
be expected to vary somewhere between 0.5% to 0.9%. The results of the
present studies demonstrate that attention to electrolyte balance in
such diets could result in improved liveweight gain. More importantly
however the present studies provide strong evidence for the concept of
cation-anion balance rather than that advanced by Mongin ( 198 la; 198 lb)
of electrolyte balance. Special recognition must be given to the differ-
ences between the work described by Mongin and that described here.
Mongin ( 198 la; 1981b) used mainly purified diets with a wide range of
electrolyte balance (0 - 600 mEq/kg) and chickens were taken to 28 d of
age. The present studies used practical, commercial-type diets with a
narrow but realistic range of electrolyte balance (150 - 300 mEq/kg) and
chickens were taken to 49 d of age. The latter point is important
because there were differences in response between day-old to 21 d of
age and between 21 d and 49 d of age in the present studies, where the
major effects of dietary available phosphorus were manifested in the
early growth phase (0 - 21 d of age). For example, food conversion
(g feed/g liveweight gain) was increased by high available phosphorus in
the period between day-old to 21 d of age but not in the period between
21 d to 49 d of age.

The effects of available phosphorus, electrolyte.balance  and
overall cation-anion balance found in Experiment 1 were influenced by
the sex of the broiler chickens. Males were more severely affected by
high available phosphorus levels than were females, and again. this was
particularly evident in the early growth phase from day-old to 2 1 d of
age. Liveweight at 49 d of age for female broiler chickens were less
affected by dietary cation-anion balances in the range from 350 mEq/kg
to 730 mEq/kg than were males but were more adversely affected when
cation-anion balance became greater than 730 mEq/kg (see Figure 1).
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TABLE 9 The effects of dietary available phosphorus level and
electrolyte balance on liveweight gain, food intake and
food conversion of male broiler chickens between day-old
to 21 d of age and between 21 d to 49 d of age
(Experiment 2A).

These differences would have to be considered in any recommendations
concerning optimum cation-anion balance in diets for broiler chickens
given that commercially the sexes are usually reared together. Although
the results of Experiment 2 (Figure 2) were not as marked as for
Experiment 1 there is the same tendency toward maximum liveweight in the
region of a cation-anion balance of between 600 - 700 mEq/kg. Within
the context of possible variations in dietary mineral levels in practical
diets, this range of cation-anion balance is extremely narrow.
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TABLE 10 The effects of dietary available phosphorus level and
electrolyte balance on production parameters of male
broiler chickens housed in a brooder to 21 d of age
(Experiment 2B).

The physiological reasons for the observed effects of the balance
between cations and anions in the diet on growth rate and performance
could not be ascertained from the present studies. Usually it is consid-
ered that the adverse effects are due to alterations in acid-base status
of the body. Mongin ( 198 la; 1981b) concluded that this was because
metabolic pathways could not function under conditions of acidosis or
alkalosis and were more involved in homeostatic regulation than in growth
processes. However the results presented by Mongin (1981a; 1981b) on the
effect of electrolyte balance on blood bicarbonate level show some evid-
ence of a plateau around the region of dietary electrolyte balance from
150 to 350 mEq/kg. -Based on the liveweight data provided (Mongin, 1981a;
198lb) there was not a good relationship between growth rate and blood
bicarbonate level within this range of electrolyte balance. Certainly if
extreme electrolyte balances are used (Mongin 1981a; 1981b; &Nab et al,- -1981) then there is good evidence to suggest that altered acid-base
balance is the major cause of observed growth depressions. For example
the range of electrolyte balance investigated by Mongin (198ja; 1981b)
was -200 mEq/kg to 350 mEq/kg. McNab et al (1981) found a relationship
between dietary electrolyte balance anrbGod bicarbonate level but this
was due mainly to the effect of a very high (0.64%) chloride content of
one of the diets. Similarly Horwitz et al. (1973) demonstrated a
sigmoidal relationship between chlorizcontent  of the diet and blood pH,
but two of their diets were deficient in chloride and.another two diets
had added calcium chloride (CaClz), which is known to produce acidosis
in birds because the calcium is not absorbed and therefore must be
excreted in the form of calcium carbonate. Similarly O'Dell et al, (1956)-0
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found that high dietary levels of available phosphorus (0.9 - 1.7%)
depressed the growth rate of guinea pigs, but the beneficial effects
observed for excess cations on growth were only partially explained  by
maintenance of ideal acid-base balance.

There was no relationship found between acid-base balance and
growth rate in the period from day-old to 21 d of age in the present
study (Experiment 2B). This was despite the marked effect of high
dietary available phosphorus on growth rate during this period. However
it is weil known that determinations on venous blood may not give an
accurate assessment of acid-base balance (Gardner 1978) so no conclusion
can be-&de at this time concerning the exact relationship between acid-
base balance and growth rate within the range of cations and anions
examined here. Other reasons may explain the effect of cation-anion
balance on growth and performance. Nitrogen metabolism may be influenced,
and there is good evidence to show that amino acid metabolism and mineral
nutrition are interrelated (Austic and Calvert 1981). Also, digestion
may be influenced by cation-anion balance. Nelson et al. (1981) found
that high ,dietary concentrations of cations relativrtTanions depressed
dry matter and amino acid digestion and the metabolisable energy of the
diet. McNab et al. (1981) found that the apparent metabolisable energy
content of thrdzt was reduced by low rather than high electrolyte
balance.

The incidence of tibia1 dyschondroplasia is genetically (Leach and
Nesheim 1965; 1972; Riddell 1976; Sheridan et al. 1978; Burton et al.
1981)  and nutritionally (Leach and Nesheim lm2T Sauveur and Monzn-
1978) determined. Burton et al. (1981) found differences between
broilers from the three mazrTreeding  organisations in the incidence of
tibia1 dychrondroplasia, and these differences were not related to
liveweight at 49 d of age. Nelson et al. (1981) found that cation-anion
balance influenced the occurrence orc=oked legs in broiler chickens,
but Riddell (1976) noted that other skeletal defects such as twisted legs
were unrelated to tibia1 dyschondroplasia. In the present study there
were no effects of available phosphorus level or electrolyte balance on
mortality’or the incidence of leg disorders in Experiment 1, but there
was an increase in mortality and the incidence of leg disorders in
Experiment 2 with decreasing electrolyte balance. These differences
were probably related to the chloride content of the diet,'rather than
to electrolyte balance or cation-anion balance per se (Leach and Nesheim
1972; Sauveur and Mongin 1974; Riddell 1975; 1976).

The effects of mineral intake on the moisture content of the
excreta of chickens have been discussed by Mongin (1981a;  1981b). Excess
sodium and/or potassium increase the moisture content whereas chloride
is apparently without effect. The results of the present studies are
conflicting to some degree. In Experiment 1, there was an increase in
litter moisture due to a high available phosphorus content in the diet
when the litter was sampled when birds were 49 d of age. In Experiment 2A
the major effect was observed at 21 d of age &ere the lowest electrolyte
balance (150 mEq/kg), and therefore the highest chloride content,
increased litter moisture compared to the other levels of electrolyte
balance, and available phosphorus level was without effect. Measurement
of water intake (Experiment 2B) clarified the situation; there were no
effects of available phosphorus or electrolyte balance on water intake
(mls/bird) but when expressed as a ratio of food intake it was shown
that per unit of food intake the water intake was increased on the high
available phosphorus diets compared to the low available phosphorus diets
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and there was a similar effect for diets with lower electrolyte balances
rather than the higher electrolyte balances. This latter effect tended
to be more marked for birds on the high available phosphorus diet. The
results on water intake would probably give a more accurate assessment
of the possible effects on litter moisture than would actual determination
of litter moisture.

CONCLUSIONS

The present studies have demonstrated that economically important
variables  in broiler production can be influenced by the interaction
between dietary minerals. Certainly high levels of available phosphorus
(> 0.60%) can depress production and performance, especially during
init ial growth. Although the effects of high available phosphorus were
not ameloriated by the balance between sodium, potassium.and chloride in
the-diet during init ial growth, during the latter growth phase higher
levels of sodium and potassium relative to chloride partially alleviated
these adverse effects of high available phosphorus. The results expressed
in terms of overall cation-anion balance indicated that this method may
be more applicable to the Australian situation because of the relatively
high levels of inclusion of meat and bone meal in diets for broiler
chickens. However such a supposition requires further testing, espec-
ially with regard to specificity of minerals within a given cation-anion
balance.

We thank Mr. Paul Eason and staff of the Avian Sciences Section at
the Animal Research Institute for their help during these experiments,
and also Dr. Mark Dolling, Physiology Department, Monash University for
the use of the blood gas analyser. This work is supported by the
Australian Chicken Meat Research Committee.
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