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Abstract

The purpose of this project is to evaluate the nature of the interaction between acid-base
balance and dietary protein level on laying hens performance. In thistrial, two electrolyte
balances and two protein levels were tested on LSL laying hens at the first stage of
oviposition to investigate its effect on productive performance, egg traits and blood
parameters.

The total number of 144 LSL- lohman laying hens. After production peak was randomly
distributed between 24 cages. A 2*2 factorial arrangement including dietary crude protein
level (13.87 and 15.42%) and electrolyte balance (165 and 250) was assigned laying hens
in a completely randomized design with 6 replicates per each treatment. The composition
of four iso-caloric experimental diets formulated to meet the hens.

The production performance of hens including egg production, egg weight, daily feed
intake, feed conversion ratio and egg mass were measured during 42 days. Egg quality
traits and blood samples hens per treatment were obtained at 35 day to determine
metabolites in the serum of the hens using appropriate commercial laboratory kits. The
results indicated that different levels dietary electrolyte balance no effect significantly on
performance factors (P>0.05) but levels crud protein affect on egg mass (P<0.05) and egg
weight (P<0.01). There was no significant effect of CP and DEB on egg quality
characteristic except for egg shell thickness and weight. No interaction between dietary CP
and DEB on egg quality trait was observed. Serum levels of Na', K*, Ca®* and CI” were not
affected by CP (P>0.05). Serum levels of K*and Ca’* were not affected by DEB (P>0.05);
however, higher level of DEB (250 mEq/kg) increased serum level of Na“ (P=0.03) and
decreased serum level of CL (P=0.04). No interaction between dietary CP and DEB on
blood electrolytes was observed. Dietary treatment did not have significant effect on blood
biochemical parameters (P>0.05) except glucose (P=0.02) which was higher in hens fed on
low protein diet (CP=13.87 %) comparing to control diet (CP=15.42 %). Dietary treatment
did not have significant effect on lymphocyte counts, except for heterophils which was
significantly higher in hens fed on low protein diet comparing with control diet (P=0.04).
In addition feeding low protein diet causes increased the stress indicator (ratio of
heterophile to lymphocyte). There was no significant interaction between DEB and CP on
measured feces ash and pH (P>0.05). However, feeding low protein diet and low DEB
(165 mEg/kg) decreased feces moisture comparing with control diet and diet with high
DEB, respectively (P<0.05).

Key Words:. Dietary electrolyte balance, crude protein, Production performance, Blood
parameters.
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1-1. Introduction

Meeting the nutritional requirements for growingdsi constitutes the majority of costs
associated with poultry production (Matyal., 1998), accounting for around 75 percent of
the expense (Nakaue and Arscott, 1991), and cBriailbecoming an issue of even greater
significance as the prices of feed ingredientsinastto rise. A large portion of that cost
involves meeting the protein requirement of thedi{Corzoet al., 2004; Firman and
Boling, 1998; Eitset al., 2005). By reducing the level of crude protein ie het, it is
possible to achieve significant cost savings. Frraad Boling (1998) reported that it is
possible to save five dollars per ton of feed byumng the protein level in the diet of
turkeys by one percent. In addition to reducinglfeests, the ability to lower crude protein
in the diet can result in decreased nitrogen exorgKidd et al., 1996; Fergusost al.,
1998; Nahm, 2002; Namrow al., 2008), improved ability to cope with heat stresmsd
allow for the use of a greater variety of feedstufKidd et al., 1996), which can be
valuable in itself as a method to increase flekipiin the choice of locally available
feedstuffs, potentially decreasing transportatiostis.

Developing feeding programs that utilize concepishsas ideal protein, formulation
programs that calculate the ingredient combinatitdre will closely meet the birds’
nutritional requirements at the least possible ,cdgiestible amino acid values, and
crystalline amino acid supplementation has allowedpoultry industry to reduce dietary
crude protein to decrease excess amounts of amide and the cost of rations (Kic
al., 1996). However, the lowest level to which crudetgiro can be reduced with amino
acid supplementation in broiler diets without rddgc bird performance is still
controversial, and additional research on the stileuld yield significantly greater cost
savings in the future.

Amino acid metabolism influences, and is influend®d the acid-base balance of an
animal (Murakamegt al., 2003). Interactions, in terms of biochemistry @hgsiology, are
established clearly. From a practical perspectibewever, both qualitative and
guantitative considerations remain unclear. Aseweri more about the impact of acid-base
balance on animal production, it becomes more thaeripheral subject, and it requires
considerably more attention. The fact that acidebbalance can influence growth and
appetite (Patiencet al., 1987), structural soundness (Sauveur, 1984),réBponse to
thermal stress in poultry (Teetetral., 1985) and the incidence of milk fever in daiattle
(Block, 1984) aswell asthe metabolism of certain nutrients suchaagno acids minerals
(Lutz, 1984) and vitamins demonstrates clearly theed for a more thorough
understanding of this subject.

The dietary electrolyte balance (dEB, dEB=NaK" - CI, mEq/100 g) depends on the
ratio among sodium, potassium and chloride. Ingmgi commonly used in poultry feed
formulation, excluded fish meal, generally predemt sodium content but high potassium
and chloride level. Such diets result inadequateéhen mineral content and electrolyte
balance, and they need adjustments to permit tihmadsto achieve good productive
performance.

Several studies are carried out on the dEB effegiroductive and physiological response
in meat chicken and turkey (Johnson and Karunajel38b; Oviedo-Rondoet al., 2001).



In laying hens the dietary electrolyte balance fgfreag in the sodium, potassium and
chloride ratio in the diet) can affect the body g¥#iand the feed conversion ratio, the
oviposition percentage (Gongruttanan@nal., 1999; Kuchinskiet al., 1999) and the
quality of the eggs (Keshavarz and Austic, 1990hétts and Balnave, 1992; Leeson and
Caston, 1997). Otherwise the results obtained @mesmes controversial because of not
adopting homogeneous experimental conditions. tt, feesulting from research work
available, the salts tested and the quantity afttedftes employed to adjust the dEB value
are different (Gongruttananuwet al., 1999), the diet composition, and the rearingrtfae
and hygrometric conditions the age of the hen dedstage of oviposition (Leeson and
Caston, 1997; Gongruttananetral., 1999).

The purpose of this project is to evaluate the neatif the interaction between acid-base
balance and dietary protein level on laying hendopmance, biochemical parameters
blood and egg quality traits. In this trial, twie@rolyte balances and two protein levels
were tested on LSL laying hens at the first stefgeviposition.



2-1. Acids and bases

An acid is any substance capable of donating aopr@t’) and a base is any substance
capable of accepting a proton. Movement of protmtg/een acids and bases is reversible:
HA — H + A

acid proton base

A" is the conjugate base of the acid HA. The eask wiiich HA gives up its proton
indicates the relative strengths of HA as an anill & as a base. Conjugate pairs found in
biological systems include 280; / HCOs, H,POy / HPQy , NH; / NHs and various
proteins including hemoglobin.

2-2. Regulation of blood acid-base balance

Efficient functioning of acid-base homeostatic n@mubms is an essential feature for
optimal growth and production. The composition ¢dodol is maintained within narrow
limits to provide a stable environment for a complater play of biochemical and
physiological events. For example, blood pH seldooves outside the range 7.0-7.6 and,
in fact, uncompensated shifts towards either ex@ream be life threatening.

2-3. Acid-base homeostasis

Acid-base homeostasis refers to the tendency ofammal to maintain a constant
intracellular and extracellular proton {Hconcentration. When successful, the external
balance of protons will be zero, because formatidhbe in equilibrium with excretion.
Failure to maintain a relatively constant interplll has a catastrophic effect on the animal.
The size and charge of the hydronium ion (protoasndt exist in free form, but are
hydrated to form kD*, HsO.", etc.) allows it to interact intimately with otharolecules,
especially proteins, to alter their configuratidrhis results in structural changes which,
among other things, alter the catalytic activity efizymes, the nature of transport
processes, the contractile properties of muscleth@dxygenation of tissues (Garraatd
al., 1985). Proton concentration generally is exg@dsin terms of pH; although
widespread, the use of the pH scale requires caudti® in part to the logarithmic scale
employed (Stewart, 1978). This scale masks twacalifeatures of proton concentration:
the very small concentration of protons relativeotber circulating ions and the magnitude
of changes in Hconcentration (e.g., a 1-unit change in pH reprssa 10-fold change in
H*concentration). Consequently,” Honcentration sometimes is expressed in nmoles per
liter, rather than pH. Acid-base balance is noingef solely in terms of extracellular fluid
pH, but includes evaluation of PGOHCGO; and base excess. In combination, these
parameters help to define not only the acid-basistof the animal, but also the nature of
any deviation from normal. Both pH and pGfan be measured directly, whereas EICO
and base excess are calculated according to thelerem-Hasselbach equation and
specific nomograms (Siggaard-Andersen, 1963), otspedy. Typical arterial and venous
blood acid-base parameters for swine are summaiiztable 2-1.



Table 2-1: Typical acid-base balance parametgpsiinine whole blood

paramete Arterial Venout
pH 7.4¢ 7.41
H',nM 33 39
Pcc,mmHc 44 54
HCC;, ,mM 30 33

2-4. Evaluation of acid-base status

Although acid-base status usually is determinedabglysis of the extracellular fluids,
primarily arterial blood, this approach fails tosdebe the dynamic response of the animal
to an acid-base challenge. Although pH, pG@C0;" and base excess identify the relative
contribution of the respiratory and metabolic comgrats, it often is necessary to study
urinary excretory patterns in order to learn hoe @nimal is responding to a given dietary,
environmental or pathological circumstance. Indeblbod acid-base parameters will
change only when respiratory and renal compensatienncapable of eliminating the total
acid or alkaline load. For example, even thouglodl@nalysis revealed no acid-base
disturbance, (Lutz, 1984) observed a typical reegponse to an acid load. Blood assays
identify acid-base status but provide no information the physiological processes
activated to achieve it. Because the kidney is e primarily in the removal of fixed
acid, monitoring urine composition provides usegight into the animal's response to an
acid or alkaline challenge. A valuable measurenerihat of net acid excretion (NAE),
which is defined as the sum of ammonium plus aiokt acid (TA) minus HCO(Chan,
1981). Traditionally, NAE has been considered tahgseful estimate of endogenous acid
production, equivalent to urinary sulfate plus aigaacids plus 1.8 times dietary P
(Relmanet al., 1961). If an animal is in acid-base equilibrivzndogenous acid production
should equal NAE. Lennosdt al., (1966) demonstrated that NAE was correlatedeglos
with the sum of urinary sulfate and salts of orgaaids minus the dietary undetermined
anion (dUA) plus fecal undetermined anion. In otiwerrds, the net acid load is generated
primarily by the oxidation of sulfur amino acidsA®), the formation of organic acids and
the contribution of the diet in terms of acid osba



Table 2-2: Examples of acid or base generatinggss#s occurring in normal metabolism

1| Complete oxidation of carbohydrate or neutral kg

Glucose 460, — 6CC, + 6H,0

2 | Complete oxidation of sulfur amino aci

2Methionine +15C, —Urea +9Cc, + 7H,0 + 4H" + SC,~

3 | Metabolism of salts of organic acids or ba

2NH,C1+ CC, — Urea + k0 + 2H" + 2CI

HCGC;— OH + CGC,

4 | Oxidation of neutd lipidso organic acids (e.g.,ketos

Triglyceride +0,— Acetoacetate+'+ H,0

5 | Oxidation of neutml carbohydrates to organic a¢edg, lactic acidosis

Glucos— Lactate +2H"

6 | Bone formatior

Ce*"+ 4.6[HPQ, ] + 1.2[H,pQ,] + 2H20 —Hydroxyapatite - 9.2*

2-5. Sources of acid and base

Acid is generated by normal metabolic processeasaicepathological states may increase
its formation and (or) accumulation. The acid fodme of two types, volatile and fixed.
Complete oxidation of carbohydrates and fat yigl3 and water; C® sometimes is
called an acid because upon reaction with wateforins carbonic acid (Table 2-2,
Equation 1). The conversion of £€and HO to HCQ; is catalyzed by the widely
distributed enzyme carbonic-anhydrase (Swenson,4)19&rovided that respiratory
function is not impaired, COwill not accumulate and acid will not accumulatewéver,
this is not always the case, even under well-mahagenditions. For example, as in
poultry, respiratory function is compromised durimgat stress because thermal panting is
required to assist in heat dissipation. Resultiygehventilation induces a respiratory
alkalosis as a consequence of depleted i€€erves (Richards, 1970). This circumstance



provides an interesting example of the conflictwsstn acid-base and other homeostatic
mechanisms. It also demonstrates that discussi@tidfbase balance must consider other
aspects of the physical environment. Although theg$ function to remove 0;, they
cannot remove fixed acids; this is the respongibdif the kidney. Fixed acids, such as
sulfuric and phosphoric acid, are generated byraben of metabolic processes (Table 2),
including SAA catabolism, incomplete oxidation ofganic acids derived from neutral
carbohydrate and fat, phospholipid metabolism (beret al., 1966) and the deposition of
hydroxyl-apatite in bone in the rapidly growingant. Quantitatively, kCO; represents the
largest source of acid in mammalian species.

2-6. Dietary electrolyte balance and itsimplications

The primary role of electrolytes lies in the mamdece of body ionic and water balance.
Thus the requirements for strong ions that haveracheristic effects on body fluids
homeostasis cannot be considered individually lsauis the overall balance that is
important. It is well known that nutrition and eromment influenced the bird’s acid-base
balance. Therefore, the maintenance of this balaze be an important measure to
improve the performance of broilers raised undgh iemperatures and to overcome the
harmful effects of respiratory alkalosis resultiigm heat stress. Diets formulated with
high anion contents (chloride: Tldecrease blood pH and cause acidemia in broilers.
Similarly high dietary cation contents (sodium: ' Npotassium: K) increase blood pH and
result in alkalemia. Both situations adversely ciffehe performance of broilers under
thermoneutral environments. Cohen and Hurwitz ()} 97dicated that the dietary addition
of Na* (without CI) increased plasma HGOand pH, while Claddition (without N3)
reduced plasma HGOand pH whereas the addition of both as NaCl (saltised a little
change in plasma HCOand pH. Similarly, endogenous acid production betg]i
particularly protein diets, has been known to mrfice the acid-base balance. In the view
of these findings, it is clear that acid or bagakas, electrolyte balance, the environment,
their interactions and implications on the perfonoe of broilers still require further
investigations. However, electrolyte availabilityaynbe influenced by intestinal and renal
homeostatic regulation and by the greater absermifomonovalent ions (Na, K, and CI)
than divalent ions (Ca, Mg, P, S). The relationdbgbween cations and anions and the
acid-base balance has been explained by some cksearby developing equations.
Melliere and Forbes (1966) described this intetiatghip by the following equation: The
cation-anion balance equation was also designeeldate performance to the concentration
of selected minerals in the diet.

(Cation-Anion) = mEq (Na+ K" + C&* + Mg®) - mEq (Cl + SQ? + H,PQ; + HPQ?).
Mongin (1980) concluded that in order to keep tlo&l-hase homeostasis as close as
possible to normal, the bird has to regulate theutinand/or the output of acidity.
According to Mongin (1981) the net acidity intakancbe measured by the difference
between fixed anion and cations (Anion-Cation) ketaLikewise the net acidity output can
be measured by the balance of ions excreted inutime (Anion-Cation) outgo. The
endogenous acid production (Hendo) by the metabolism of dietary components
(particularly proteins) must also be considerethafollowing way;

(Anion-Cation)intake + H' endo - (Anion-Cation)oytgo = Z€r0

The above equation describes the steady statdisituahere bird is in a constant acid-
base balance, without either acid or base excesefmiency. Under disturbed conditions
(more acid intake or outgo) the blood base excail( reserve; BEecf) wil modify
accordingly to achieve a steady state conditiaiénfollowing way;

(Anion-Cation)intake + H' endo- (Anion-Cation)outgo +BEect = Z€ro



This equation can be rewritten so as to betteresgmt the extent of the modification of
base excess;

(Cation-Anion)intake - (Cation-Anion)sutgo - H' endo= BEec

Under practical conditions the optimal electrolyttake, in terms of acid-base balance can
minimize the presence of base excess, tendingrm Zde value of base excess closer to
zero has been considered as optimal for bettetebrperformance. However, the above
equation can be rewritten as in the following fotanrepresent all electrolytes that can
influence the acid-base homeostasis;

(Cation-Anion)inake MEQ(Nd+K* + C&*+Mg®") - mEq(CHSQOZ +H,.PO* +HPO4)

Usually phosphorus is added to poultry diets mossiydicalcium phosphate, with the sole
objective to meet the requirements rather than dlanoe cation and anions. Similarly
calcium (Ca) is added as calcium carbonate (Ga@®meet the growth and development
requirements. Whereas magnesium (Mg) and sulph&€y) (are not normally
supplemented in the diets, rather,S©mostly present in the form of sulphate sourmies
supplemental minerals (like FegQZnSQ) or sulphur containing amino acids. Thus, the
ions that are essential for the maintenance ofathié-base balance are N&* and CI
‘Therefore, the above equation can be written as;

(Na + K - Cl) = (Cation-Anion)ugo + H" endo+ BEect

The total levels of Na K" and Cl are used to calculate the dietary electrolyte noala
(DEB) in poultry diets as follow; Dietary electrtdybalance

(DEB)= mEq (N& + K" +CI)

The ability of Nd or K" to neutralize hydroxyl groups (OHand of Cl to neutralize
hydrogen ions (A is expressed in the term “miliequivalents” (mBghich takes into
account the atomic weight of each element or mddeaweight of each molecule along
with their respective valence or charge. In poutinyrition, DEB is expressed as NaK*-

Cl' in mEg/kg or 100g of diet. The optimal requiremehelectrolyte balance was defined
in terms of mMEq (Na+ K*- Cl)/kg of feed around 250 mEq/ kg. Hooge (2003) rigubr
that broiler and breeder diets usually have DEBicexl ranging from about 100 to
250mEqg/kg. It may be possible that the diets wifferdnt N&, K" and Cl contents may
have the same DEB value. This is because of tw@rtatand one anionic mineral
component in the equation used for determining DHBe formula for determining
mEq/kg is [(% in diet*10,000)*(valence)]/ [atomic tbormula weight in g]. As an example
the DEB of a diet containing Ng0.30%), K (0.68%) and CI(0.30%) can be calculated
by the following way;

Sodium (0.30%): 0.30%Na * 10,000/23.0 = 130 mEJ/Kn

Potassium (0.68): 0.68%K * 10,000/39.1 = 174 mEtké

Chloride (0.30%): 0.30%CI *10,000/35.5 = 84 mEqkgl

DEB mEq(Nd+K"™-CI) = 130+174-84 = 220 mEq/kg of feed

The DEB based on dietary monovalent mineral costeauld also be calculated by

Using the factors reported by Hooge (1995) as;

Sodium (0.30%): 0.30%Na * 434.98 = 130 mEd /Mg

Potassium (0.68): 0.68%K *255.74 = 174 mEdKg

Chloride (0.30%): 0.30%CI *282.06 = 84 mEq/K

DEB mEq(Nd+K"-CI) = 130+174-84 = 220 mEq/kg of feed

While adjusting the DEB for maximum bird performancare must be taken that the total
levels of Nd, K" and Cl must be within acceptable ranges, neither deficer toxic
(Mongin, 1981). The factors for calculating DEB dsased on total contents of the
nutrients in the chicken feeds, but in reality,availabilities of nutrients affect the actual
amounts of nutrients absorbed by the intestine timtablood stream (Hooge, 1995).



In the DEB equation it is assumed that only theenafs Na, K and CI have an impact on
the acid-base balance, without considering thecsoaf electrolyte. The catiorfse., Na’
and K) supplementation increases pH and blood KC@hile anion (C) addition
decreases these parameters (Huretied., 1973). Ruiz-Lopez and Austic (1993) compared
the relative acidogenecities of several anionsgusitioride as a standard. In young birds,
chloride significantly increased blood" Honcentration at high levels (160-240 mEq/kg).
They further reported that sodium sulphate wastivelg more acidic than those of
calcium sulphate and potassium sulphate, indicating dependence of acidogenic
properties of sulphate on the source (Ahraaal., 2005). Patiencet al., (1987), indicated
that metabolisable anions like bicarbonate, cart®aad acetate have an influence on the
acid-base balance by neutralizing acids and ralsingd pH. Gorman and Balnave (1994)
proved this in a study in which heat stressed dérdilody weight gain associated with
NaCO; and NaHCQ was significantly different in diets with identloalectrolyte balance.
They concluded that heat stress could lead to abuét requirement for the HGGon.
Johnson and Karunajeewa (1985), and Gorman anch®al(1994) indicated that DEB
equation could not be used to predict the reldimeefits of different mineral supplements
or combination of minerals. The monovalent ions *(NK* and C)) have a greater
electrolytic potential than divalent ions (Mg, SaRd Ca), with the electrolytic potential of
the latter being greater than that of Fe, Mn, Zn, S8e, Mo, Co and |. Mongin (1981)
omitted these divalent ions from the DEB equatiae do the followings; a) bivalent
cations are not as rapidly absorbed as monovadgians; b) Mg is commonly supplied in
feeds; c) phosphate is hard to be quantified bec#usomes from various sources; d)
calcium absorption rate is controlled by the enmhgcsystem and is most commonly added
as calcium carbonate for skeletal developmentulphate is included in small amounts as
the anion for essential trace element, or to preveethionine breakdown. However,
different studies indicated that the divalent iersluded from the DEB equation also exert
significant effects on poultry performance. Hulknal., (1987) found little difference in
the performance of chicks fed on diets in which Di#Bied from 155 to 300mEqg/kg.
However, altering the Ca concentration of the dadtisred both the absolute, and pattern of
response to changes in DEB. Furthermore, incredbimd® content of the diet tended to
improve weight gain, although no primary P deficierexisted. Feeding CaGGnduced
acidosis as compared to little effect by NaCl ar@l feeding. Similarly, significant effects
were observed on the growth of chicks when theadietation and anion contents have
been altered by varying the dietary Mg (Nelsasinal., 1981) or SQ (Ruiz-Lopez and
Asutic, 1993; Ahmagdtt al., 2005) contents. Patience (1990) also pointedlmueffect of
cations (C¥, Mg*?) and anions (HP{F, H2PQ ", SO on the acid-base and electrolyte
balance in birds. Gorman and Balnave (1994) meeticdhat these findings cast doubt on
the validity of excluding all but Na K* and Cl concentrations from the DEB equation.
Though trace elements have also functioned asrelgets, but due to their presence in
small amounts in feed and in low concentrationdind tissues, naturally reduces their
impact on the acid-base balance and on the elgigrdialance in birds. Therefore,
complete electrolyte equation would be:

(Na'+K*+Ca™?+ Mg™?) - (CI + SQ 2 + H,.PO*+ HPQ,).

In certain situations, it may also be necessatgke into account either the specific effects
of each ion or the individual requirements for thémns/electrolytes (NaK”*, CI). These
factors have not been considered in the DEB equatm may limit its use. Individual
nutritional recommendations for these electrolyfess broilers also vary, NRC (1994)
recommends 0.20, 0.30 and 0.20; 0.15, 0.30 and®fabN&, K* and Clfrom 0 to 3 and

3 to 6 weeks of age, respectively. The nutriticreguirements for broilers also vary with
age. Therefore, recommendations for K may vary fl@@l to 0.73% (Robbinst al.,
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1982; NRC, 1994) and for Na and Cl from 0.41 to2@cland from 0.53 to 0.12%,
respectively (Edwards, 1984; NRC, 1994). Birds hbeen shown to tolerate an excess of
K* to a greater degree than an excess Of(Slauveur and Mongin, 1974). Hurwigz al.,
(1973) noted an improvement in the growth of bindgen Na:Cl of 1:1 and 200 mEg/kg
DEB (Na + K'- CI) was achieved by varying Na and Cl levels in tiet. dAhmadet al.,
(2005) reported higher weight gain and feed: gaiheaat stressed broilers with DEB 50
mEq/kg, maintained by supplementing basal diet WH&HCG;, and NHCI to have Na
(0.26 and 0.20%), K (0.71 and 0.65%) and CI (0.88 &71%), in the starter and finisher
diets, respectively. They were of the view thataie NH,Cl supplementation reduced the
Na:Cl ratio and beneficial effects may be due tohbd™ and Cldissociation. Contrarily,
Borgeset al., (2004b) increased the contents of Na and K, raviited lower feed intake
and weight gain in broilers for DEB 40 and 340 nMggand worse feed conversion for
DEB 340 mEg/kg of feed. They attributed these rasps to Na:Cl imbalance due to low
Na contents (0.15%) and/or high Cl contents (0.708dDEB 40 and high K contents
(1.06%) associated with Na(0.30%) in DEB 340 mEqg/kg diet. These differential
responses to dietary concentrations of 'N& and Cl emphasized the importance of
rectifying any deficiency or excess of an indivilumineral ion before achieving the
desired DEB. The interrelationship between mineoals, environment (thermoneutral,
cold and heat stress) and other nutrients, paatipuamino acids, must be considered
while computing the preferred DEB. Under heat streituations lowered retention and
greater excretion of Kincreased the demand for the ion Whereas, Boggals, (2004b)
noted poor performance in broilers with 1.06% K308%6 Na and DEB 340 mEq/kg. These
findings suggest that response to supplementallikkied to ambient temperature and that
once the nutritional requirements are met; therathong Na, K and Cl is a determining
factor for performance.

2-7. Inter-relationships between egg shell quality, blood acid-base balance and dietary
electrolytes

2-7-1. Metabolism of ingested food: Food is a large contributor of exces$ i laying
hens. Production of Gy various oxidative pathways is the main causeb&@wadrates,
lipids and glucogenic amino acids are broken dowi€©;, via pyruvate. Fatty acids and
ketogenic amino acids are converted to acetoacetaie8 hydroxybutyrate and then to
CQO,. Sulphuric acid is a major oxidation end produicbr@akdown of excess cysteine and
methionine (Lemann and Relman., 1959). Phosphaiat ia formed from catabolism of
phospholipids, phosphoproteins and phosphoric £ster

2-7-2. Bone metabolism: Under normal circumstances, bone formatiori gkbduction)
and reabsorption (H withdrawal from plasma) have relatively minor effe on acid-base
balance in mammals. However, in laying birds, patarly high producing domestic fowl,
demands for calcium lead to considerable reabsorpdif medullary bone, the unique
calciferous tissue deposited in the medulla ofiting bones e.g., tibia. While the effects of
bone reabsorption on acid-base balance (and visavéave received little attention, it
seems likely that supply of up to | g of calciurorfr medullary bone of a domestic hen
over a period of just a few hours could have a ifsgnt effect. Likewise, daily
replenishment of medullary bone from dietary caitiwould have a similar effect, but in
the opposite direction.

2-7-3. Shell formation: Secretion of CaCgJabout 5-6g over 18-20 hours in the domestic

hen) induces a severe metabolic acidosis. MongihSauveur (1979) presented a model
which describes the secretion of HC@nd C&" from uterine mucosal cells to the lumen
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and the movement of Hinto the plasma. Production of"Hiuring shell formation is
sufficient to maintain a pH differential across titerus of at least 0.03 for 20 hours and to
produce an average maximum differential of 0.08ualdal-15 hours after the egg enters
the uterus (Hodges, 1969).

2-7-4. Respiratory compensation

The primary function of the respiratory systemadebase regulation is to control the total
guantity of CQ in blood. The respiratory system regulates, @@nsport by erythrocytes,
CO, excretion from the lungs, and restoration of thebaeric acid/bicarbonate buffer
system in plasma and erythrocytes. The respiragystem is, therefore, ultimately
responsible for total COn all fluid compartments of the body due to exdd® of CQ or
HCO; with blood. In a steady state of exchange, artanal alveolar pC02 are similar and
likely identical (Scheid and Piiper, 1980).

Alveolar air CQ, (gas phase)»> Blood C@ + H,.O — H™ + HCQ

Small perturbations to pGOin either micro-environment will cause an immediat
respiratory response. For example, an increasespired CQ will result in greater minute
volume due mainly to an increase in tidal voluméhwittle or no change in breathing
frequency (Andersomt al., 1986). On the other hand, a large decrease inia@rc0
(with associated decrease in HC@nd increase in pH) can occur during heat stmess i
response to increased breathing frequency and envlime but decreased tidal volume
(Brackenburyet al., 1982).

2-7-5. Renal compensation

The kidneys are ultimately responsible for excretmf excess Hand anions such as
H,PO,, SO~ and HCQ which are formed or released by metabolic proseassociated
with food, bone and shell. Also in regard to acasé balance, the kidneys contribute to the
restoration of the fCO; /HCQO; ™ buffer system by reabsorption of HEOl'hese functions
are integrated with osmoregulation and nitrogerrefian. A disturbance in one of the
functions of the kidney will affect the other fuiwsts (Hodges, 1969). Non-volatile anions
from metabolism of food and other sources arerdtiefrom the blood by glomeruli to
become urinary buffers. These includePy,/HPQO, ™ and uric acid hate buffer systems.
The physiological significance of NHNHs as a buffer system lies in the ability of Ntd
combine readily with Hwithout an increase in titratable acidity i.e.nsiolerably more H
can be secreted beyond that amount needed toyadidtie to pH 4.5. Secretion of Hnd
reabsorption of Naand HCQ can continue after saturation of other urinaryfénsf
provided NH production continues.

2-8. M etabolic change during shell formation

2-8-1. Acid-base balance

Mongin's (1978) model describing shell calcificatishows secretion of HGOIinto the
lumen of the shell gland. The HGGs derived from hydration of CQunder the influence
of the enzyme carbonicanhydrase. For each moleGfd¥secreted one mole of Hbasses
into the plasma. Another mole of ki released when HGCOchanges to C© (Sturkie and
Mueller, 1976), although Mongin (1978) has notwded this in his model.

Hodges (1969) demonstrated an increase’icdticentration in blood perfusing the uterus
during shell formation. The pH differential betwe#re sciatic artery and the anterior
uterine vein rose from about 0.03 after the eggrextthe shell gland, reached a maximum
of about 0.08 after 15 hours of calcification, d@hen fell to about 0.04 at oviposition. The
non-constant pH differential suggests that theet@er rate of HC@ is also not constant.
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The results of Prashad and Edwards (1973) suppetgatter finding and they showed that
plasma phosphate reached a peak at about the isagne t

2-8-2. Calcium homeostasis

The physiological significance of blood ionic calti (Cd") concentration in calcium
metabolism is discussed in detail by (Schrateal., 1973). He has pointed out that three
hormonal systems are involved in the control ofspia C&". These are parathyroid
hormone (PTH) secreted by the parathyroid glandcitocain (CT) secreted by the
ultimobranchial gland and 1, 25 dihydroxy-choletatol (1, 25-(OH), D3) secreted by
the kidney. There is evidence that the functionatdeast two of these hormonal systems
are influenced by blood acid-base balance, i.dciuta metabolism is inter-related with
carbonate metabolism. Examples of metabolic patewayeactions which are sensitive to
acid-base disturbance are:

(i) Impairment of hydroxylation of 25-(OH) £in the kidney to 1, 25-(OH) D3 Due to
reduced activity of 25-(0H) Bl-hydroxylase.

(ii) Equilibrium between plasma Caand bound calcium (Schragiral., 1973).

(i) Uptake of calcium by shell gland mitochond(i&chraeset al., 1973).

(iv) Regulatory interaction between PTH and Ca

(v) Anomalies in excreted levels of urinary cycdi®IP (an indicator of PTH activity) in
rats made alkalotic by feeding NaHeWith and without supplements of 1,25-(QBj).
Further evidence of the possible involvement ofoblacid-base balance in calcium
metabolism was presented by Nys and delLaage (1984Y. found that active transport of
Ca™ across intestinal and uterine tissue requiresghlyhiactive form of MG"HCOs
ATPase which in turn requires high activity carlesanhydrase. The results of Odom and
Harrison (1985) support this idea since they fotimat the calcium flux in uterine tissue
was influenced by pGOof the medium bathing the serosa. They suggesididw blood
pCQ, produced by hyperventilation during heat stresshtmgstrict calcium transport, or as
a late study showed, by affecting the ionic calcipool (Odomet al., 1986). Another
possibility is that hormonal control of ovulatioand hence rate of lay) is influenced by the
calcium balance of the hen, mediated through plaSaia

2-8-3. Blood and urine

The previous section deals mainly with theoretasgdects of calcium homeostasis. In these
section actual changes in calcium and inorganicsphorus concentrations in blood
plasma and urine during shell formation are comele

2-8-3-1 Calcium: Hodges (1969) observed an increase in withdrawatalcium from
blood perfusing the uterus in the period 0-4 haafter the egg entered the shell gland.
From 4-16 hours rate of withdrawal was steady,oaigfh the overall concentration of
calcium fluctuated. After 16 hours the rate of wiidawal diminished. Hodges (1969)
observed a steady decline in concentration of @ablood taken from the brachial vein
once the egg entered the shell gland. A low comagoh was maintained betweeen 12 and
15 hours, and then it rose. Parsons and Combs )Y18Bd reported a decline in
concentration of Ca coinciding with an egg entering the shell glandpwa level being
maintained for several hours, then a rise to tlecaicification level commencing about
three hours before oviposition. Bust al., (1980) reported that urinary calcium
concentration remained constant except when theMasrforming a shell (about 7-9 times
lower). There were no significant differences betwdines of hens selected for thick or
thin egg shells.
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2-8-3-2. Phosphorus: In addition to C&', concentrations of inorganic phosphorus in blood
plasma and urine also change significantly durihgllsformation (Parsons and Combs,
1981). This is thought to arise from PTH stimulat@f bone reabsorption to counter a fall
in plasma CH due to shell formation. Mongin and Sauveur (19718erved that the peak
in plasma phosphate concentration was reducedn$ keere given a separate meal of
crushed sea shells, i.e., the diet supplied a grgabportion of the calcium needed for
shell formation and bone reabsorption was reducedrdingly.

2-8-3-3. Sodium, potassium and chloride:

(i) Composite effect: Mongin (1981) has proposedhaoretical model of acid base
homeostasis which, in its simplest form, states tha

(Na + K- Cl)intake: (Cation'anion))utput+H+endogenous+ baseexcess

Where base excess is a measure of the capacitgad bo resist changes in pH. Attempts
by various workers to utilise this concept to imgoegg shell quality and laying
performance have produced contradictory resultsngaoisons between experiments are
made difficult by the absence of data on blood-aaise changes in some studies.

The data of Sauveur and Mongin (1974) indicate ffecteof (Na + K - C1) over the range
160-360 mEqg/kg on shell weight/surface area. Hamiland Thompson (1980) claimed
there was a lack of effect on shell quality, but dbserve depressed rate of lay and feed
intake at low (330) and high (620) mEg/kg levelheif diet low in (Na + K - C1)
depressed pH, HGOand shell quality, however. Vogt and Harnisch @98bserved
production of thinner shells at low (68) and hig8§) levels, but no effect on rate of lay or
feed intake.

Austic and Keshavarz (1984) observed a weak teydgre 0.2) for thicker shells as (Na
+ K - Cl) increased. They concluded that reduces fmtake on high C1 diets (0.86 or
0.94%) was responsible for shell thinning. Thesl@¢pressed blood HGbut it is more
likely that low dietary calcium (2.0%) was the cau#t has been observed depression of
feed intake and rate of lay at low (8 and 33) aigti K319 and 418 mEqg/kg) levels of (Na
+ K - C1) in two separate experiments (Hughes 19Bbpne experiment using old hens
(86 weeks of age) following a molt (at 70 weeks), affect of (Na + K - C1) on shell
thickness but did observe linear increases in ptHH@O;” with (Na + K - C1) similar to
those results reported by Cohen and Hurwitz (19if4)he other experiment using young
hens (32 weeks of age), is observed a curvilinezease in shell thickness as (Na + K -
C1l) increased from about 150 meqg/kg. There arerakwmssible reasons for these
discrepancies. Firstly, some diets used by SausadrMongin (1974) and by Hamilton
and Thompson (1980) were probably deficient in wadand chloride and, therefore, any
effects of (Na + K - C1) might have been ‘maskedo(igin, 1981). Secondly, extreme
levels of (Na + K - C1) used in several of the sadwere obtained using individual
dietary levels of Na, K or C1 well beyond practiocetommendations, and therefore not in
accord with assumptions implicit in Mongin’'s (198iodel. Other possible reasons
include differences in breed, age and health ofhées, and environmental conditions,
particularly degree of heat stress.

Models to account for the composite effects of Kaand C1, such as (Na + K- C 1)
proposed by Mongin (198l), or (Na + K)/C1 used byh€n and Hurwitz (1974) do not
adequately describe the effects of Na, K and Claying performance or shell formation.
The value of such models for commercial formulatien uncertain. After dietary
deficiencies and excesses have been consideredupip®rting evidence is contradictory.
Further work in this area should emphasise theectse metabolic roles of Na, K and C1.
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2-9. Dietary electrolyte balance (Na'+K *-Cl") and broiler

2-9-1. Dietary electrolyte balance (Na'+K *-CI") and broiler performance

Mongin (1981) reported that optimal chick growthfpemance, when fed purified diets,
was achieved using DEB (NeK*-Cl) of around 250 mEg/kg with a relation (K+Cl)/Na >
1. Weight of birds, when assessed at 42 d, deaeaten DEB was lower than 180
mEq/kg and higher than 300 mEg/kg (Johnson and riégeawa, 1985). An optimal DEB
was found for feeds containing from 250 to 300mBgMulanet al., (1987) determined
the effect of feeds containing Ne&K*- CI' in different ratios with varying Ca level and
noted that the worst and the best weight gains \wehgeved when the DEB was 174 and
215 mEg/kg, with 1.38 and 0.95% Ca, respectiveym& researchers are of the view that
manipulated electrolyte influenced the best DEBr@Rmet al., 2001) for broilers. Borges
et al., (2003a), noted best weight gain in broilers Vil&B 199 mEqg/kg, when Naand Cl
were manipulated. They recommended that extreng¢0Ql5 and 0.71%), K(0.98 and
1.21%) and Nalevels (0.15 and 0.60%) should be avoided in prest diets as these
extremities would lead to mineral toxicity. Rondeiral., (2001) observed the best DEB as
250mEq/kg when Nalevels varied and 319 mEg/ kg whei Was manipulated. Similarly,
in growing (21-42 d) broilers maximum feed intakasanoted by Borgeat al., (2004b), in
DEB 264 mEg/kg treatment, when Nievel was increased in the diet, and 213 mEq/kg,
when K and Na levels were concurrently increased in the dieis Tidicates that there is
a limit over which feed intake is depressed as ractfon of excessive Naand/or K.
Rondonet al., (2001), and Murakandt al., (2001) established with modern broiler strains
and practical diets, an optimal DEB for the stapiease between 246 and 315 mEqg/kg and
for the grower one between 249 and 257 mEqg/kg.eFett al., (1987) mentioned that
optimal DEB for growing broilers varied with ambiet@mperature, being 250mEq/kg for
moderate temperatures (18 to 26°C) and 350 mEddrkhigh temperatures (25 to 35°C).
Borgeset al., (2003a) noticed best broiler performance withBD#arying from 186 to
250mEqg/kg. However, a high DEB (340 and 360 mEqgrkgllted in metabolic alkalosis.
Flemming et al., (2001) compared three different DEB (MK*-CI) levelsi.e., high,
medium and low, in male broilers during the sumseason and noticed that weight gain,
feed conversion, viability and productive efficignadex (PEI) were not affected by the
DEB, and the low DEB showed the lowest PEI. Ondtieer hand, Borgest al., (2004b)
reported that increase in DEB (40 to 340) causegiadratic effect on weight gain and
feed: gain, and a linear increase in feed intal@véver, feed intake was at maximum for
DEB of 202 mEqg/ kg. The ideal DEB observed was betw246 and 277 mEqg/kg in
overall results. Borgeet al., (2003a) noticed that DEB 240 mEqg/kg gave the besly
weight gain and feed conversion ratio versus DEBR ), and 360 mEqg/kg, in broiler
raised during summer season (max. 31°C, min. 2RR;75.5%). These four dietary
treatments contain NaCl, NaHGGand NH4CI at the highest DEB level KHgQvith K
levels of 0.52% in starter and 0.47% K in growetsli Optimal DEB levels predicted from
curvilinear regression were 236 meEqg/kg for bodyghieigain and 207 mEqg/ kg for feed
conversion ratio (average 221.5 mEq/kg) from 0-4# dge. These DEB corresponded to
estimated (interpolated) values in predicted odt0q to 236 mEq/kg starter, Na 0.409 to
0.445% and Cl 0.326 to 0.372% (K=0.52%), and groMe10.410 to 0.445%, Cl 0.315 to
0.267% (K=0.47%). Lower Naand higher Clcontents in DEB 207 might have reduced
the feed intake that resulted in optimal feed cosiea ratio. However, there was a limit to
electrolyte addition, because high DEB (360 mEg/&gntaining 0.11-0.12% Kfrom
KHCOj3; increased Nafrom NaHCQ and 1.53-1.61% HC§), resulted in poor live
performance, as it intensified the problem of alk&. In conclusion, a practical DEB
range of 220 to 240 mEg/ kg minimum should normalyadequate for broiler chickens
raised during summer season (max. 31°C, min. 2B¥75.5%). Borgest al., (2003b),
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reported that under thermoneutral environment (rBaxo 25°C, min. 28 to 19°C; RH 49
to 58%) DEB 240 mEg/kg (0.35 and 0.35% Na37 and 0.29% Cin starter (0.75% K)
and grower (0.67% K), respectively, increased 4&eijht gain in Ross broiler chickens
than that of DEB 40 mEqg/kg. The DEB treatment hackfiect on performance of broilers
exposed to cyclic daily heat stress (wk 1 and & rttoneutral; wk 2 to 6, max. 35, 35, 33,
33°C, min. 23, 20, 19, 19°C; RH 51 to 54%). Howevegardless of ambient temperature,
increasing DEB stimulated feed intake, which magsiay be due to increasing Nievels

in diets (0.15 to 0.45%) used colostomies maleldrahickens and reported no significant
effect of the DEB treatments (140, 240, or 340 rkgpbn feed intake, BW gain and N
balance in birds exposed daily to cyclic heat st{@2.5+3.5°C for 14 h and 33+2.0°C for
10 h). On the basis of water, electrolyte and ggrometabolism results, it was concluded
that DEB of 240 mEq/ kg was most favorable for lersireared in either thermoneutral or
daily cyclic heat stress environments. Borgeal., (2004b), noted that in growing (21-42
d) broilers the DEB 40 mEq/kg reduced feed intake weight gain. They attributed this
response to Na:Cl imbalance due to exces§0C10%) and low Nalevels (0.15%). On the
other hand, the DEB 340 mEqg/kg resulted in worsel feonversion that may be due to
excess Na(0.45%) in the diet. A quadratic effect of DEB wright gain and feed: gain
was noted when the electrolyte ratio was increasey by the supplementation of Na
The ideal DEB, obtained by the manipulation of Mad ClI levels, was between 202 and
235 mEq/ kg.

2-9-2. Mortality and carcass characteristic

Borgeset al., (2003a) observed non-significant effects of Diegatments (0, 120, 240, 360
mEq/kg) on mortality in broilers reared under madely high ambient temperature and
relative humidities, in both starter (0-21 d) amdsher (21-42 d) phases. They also noted
non-significant effects of DEB on carcass yieldedst, thigh plus leg, back, wing, not
noticed any significant effect of DEB (40, 140, 24fd 340 mEqg/kg) on the live ability of
growing (21-42 d) broilers reared in mild envirommeWhile evaluating the different
sources of dietary electrolytes Ahmatlal., (2005), indicated significantly high carcass
weight and dressing percentage in heat stresseierbrded diets supplemented with
NaHCGQ; Significantly higher breast meat yield in birdsl idaHCQ, Na&CO; and NHCI
supplements and lowest abdominal fat in NaH@@d NHCI supplements was noticed
along with significant effect on mortality at fixeDEB values of 250 and 50mEqg/kg.
Musthaget al., (2005), noticed non-significant effect of incriegslevels of dietary Na
(0.20, 0.25, and 0.30%) and CI (0.30, 0.40, an@%)50n mortality (O to 2.78%) in heat
stressed (32-3€) 28-days-old broilers. In their experiment the BDRvas fixed at
250mEqg/kg, that is why the negative effects of easing levels of Na and Cl may be
corrected. The use of NaHG@ addition to NaCl as a source of Na may alsabaited
towards broiler survivability.

2-9-3. Water consumption, rectal temperature and litter moisture

Dissipation of more than 80% of the heat produdacevaporative cooling highlighted the
importance of enhancing water consumption in heetssed broilers. Among several
factors, water consumption depends upon the biadjs, physiological state, ambient
temperature, water temperature and pH, dietaryeprdévels, and amount and types of
salts added in feed and water. The increase inrwatesumption benefits the bird by
acting as a heat receptor as well as increasingamteunt of heat dissipated per breath
(Belay and Teeter, 1993). The increase in wateswmption by 20% over basal levels can
increase heat loss per breath by as much as 30fay(Bed Teeter, 1993). According to
Borgeset al., (2002), water consumption depends directly od &ge and on the RaK’-
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CI ratio in the feed. Increased water consumptiors@diby the greater NeK'CI ratio
had a direct impact on litter moisture and it aleduced the rectal temperature in birds.
Similarly, Borgeset al., (2003a), observed linear increase in water intatkkeat stressed
broilers with increasing DEB levels (increased” ad K intake) in the diet and with
bird’s age. However, water turnover increased witlreasing DEB, but decreased with
increasing bird age. This increase in water intageurred to maintain the osmotic balance
and to quench the thirst caused by increasedaNd K intake as blood osmotic pressure
in birds is a thirst-regulating factor. On the atheand, low DEB (diets with high CI
contents) did not stimulate water intake. The maérbody temperature of broilers
decreased linearly as the DEB increased, and Hratswere fed diets with 240 and 360
mEqg/kg had the lowest temperature and smallest edy variation from morning to
afternoon during tropical summer conditions (makCG min. 23°C; RH 75.5%). This was
attributed to increased water consumption by thmsks and presumably heat dissipation
and the efficiency in evaporative heat loss alsveiased with increased water intake. This
supported the hypothesis that stimulus to increaater intake is a crucial factor for
enhancing the survivability of heat stress birdmil&rly, in broilers grown (21- 42 d) in
mild temperature conditions (av. min. and max. tefip2#C and 21-28C, respectively,
RH 69.0-74.8%), water consumption and litter mostshowed a linear trend as the DEB
increased (40, 140, 240 and 340 mEqg/kg; Boegest., 2004b). The authors were of the
view that increase in water consumption was pdatijuimportant at high temperatures,
where it could contribute to bird survivability. KWever, as confirmed by rectal
temperatures (40.4 to 40.6°C) no significant efleicDEB treatments was noted on body
temperature (Borgest al., 2004b). In contrast to the above findings, Borgesl.,
(20044a), reported increased water consumption lostmmized male broiler chickens by
22.4% from 254 to 300 ml/kg0.75 in heat stress522.5°C for 14 h and 33£2.0°C for 10
h) compared to thermoneutral environment. Howewegither environment no effect of
DEB levels (140, 240, or 340 mEqg/kg) was observedvater consumption, excretion and
other water related parameters. Various factorsatfatct the excreta and litter moisture
content, some of them are related to managemenhausing (amount and type of litter,
temperature, ventilation, heating, drinking systetansity), other factors are related to
diseases caused by various infectiocdidioss, E. coli, Campylobacter, Spirochaetes)
(Francesch and Brufau, 2004). The dietary factoas may affect water consumption and
excretion may also affect the moisture contentthefexcreta and litter. Moisture content
of litter may also be altered by the excreta comjoos which can affect their water
retention capacity and limit the evaporative wadbsses (Francesch and Brufau, 2004). As
mentioned earlier, the excess of Ned K promoted increase in litter moisture and water
intake (Mongin, 1981), whereas the increase of i@bres seemed unrelated to excreta
moisture (Rondoret al., 2001). The effect of dietary Ndevels on water intake and
excreta moisture has been well documented and & wagleement existed between
researchers that excess of Nia chicken diets increases excreta moisture. ljoniba of
reports, the increase of excreta moisture is lipelpendent on the increase of added Na
(Fleet and Saylor, 1983; Murakastial., 1997; Rondomt al., 2001). Smithet al., (2000b)
reported that increasing dietary concentration af, N* or P gave linear increase in the
water intake of birds and linear increases in tlwastare content of their excreta. Each
0.1% increase in dietary mineral increased the ton@scontent of the excreta by 0.904
(+0.157),(+0.202) and 0.559 (+0.031) % (standard error)Naf, K" and P, respectively.
Likewise, the increase in dietary” Hevel has also been associated with an increase in
water consumption and excreta moisture of layeritSeh al., 2000b) and broiler (Borges
et al., 2003a) birds. Borgest al., (2003a), reported that water intake increasexhliy as
the DEB increased and the increase of water inteke also reflected in a progressive
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