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ABSTRACT

The present study was conducted to evaluate mainly
the effect of different levels of dietary electrolyte balance T
(DEB) higher or lower than the literature suggested levels, on
leg deformities and moralities of broilers in different growth
stages. Moreover, to study the relation between dietary o
electrolyte balance and growth performance bone
mineralization and blood concentration of these minerals.

So, live body gain, feed intake and feed conversion were
calculated. Also, serum and bone of legs were analyzed for
Ca, P, Na and K to show the effect of different DEB elements
content on the concentration of these minerals in serum and
bone construction.

The study has been carried out usmg 200 one-day-old ',
commercial Hubbard broiler chicks. The chicks were allotted i_if’f)
into 5 equal experimental groups and reared under the .
recommended health program in separate pens. The the. f:rst" '
group (control ) was fed on basal diet calculated to provide
DEB 229 and 196 meq / kg diet for starter and grower diets .
respectively. The other 4.groups were fed 2 lower (181, 130 f
and 150, 96) and 2 h:gher (321, 280 and 300, 247), Jevels of
DEB than control in each respective growth stage. ,

‘ The results showed that feeding lower DEB values than

. the. control, induced significant decline in cumulative body

. weight gain, feed intake and inefficient feed utilization .

. .. The leg deformities was increased with age in the ‘groups
fed low DEB in which began to occur by the end of the

starting period and aggravated by the end of the &

experimental period. .. Significant reductions in .the

measurements of .the affected tibia (Iength and. tbjckness) _

ash % and Ca % of ash in the startmg period, ash %, Ca %,

and P % in the grower period were demonstrated. Also, the

serum content of minerals showed a s:gmfrcant decrease in

both Qa and P levels in the starting penod and in serum Ca

level in grower period.
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INTRODUGTION

Nutrition plays a significant role in preventing and correcting the
incidence of leg abnormalities and the provision of adequate dietary levels of
various nutrients that influence leg weakness acquired greater significance in
the recent times. The monovalent minerals (Na, K and Ci) are essential for
synthesis of tissue protein, bone mineralization, maintenance of intracellular
and extra cellular homeostasis and electrical potential of cell membranes,
enzymatic reactions, osmotic pressure, and acid-base balance.

Adjusting dietary electrolyte balance (DEB) is important to obtain
aptimum performance, because when the balance is altered due to acidosis or
alkalosis, metabolic pathways cannot function properly. Both Na™ and K™ have
indirect alkalogenic effects on body fluids, and bicarbonate has a buffering
effect. Moreover, Na and CI" have many important physiological functions.
Mongin (1980) reported that optimum dietary balance of these minerals allows
better chicken performance and may reduce leg problems.

Adesina and Robbins (1987) and Hooge (1998}, reported that increased
dietary Cl levels have an indirect acidogenic effect on bird metabolism and CI
should be maintained at or near requirement levels, because CI” excess can
cause leg and articulation problems in braoiler chickens. Based on pH, HCO3;
and TCO, parameters, it was estimated that broiler chickens fed diets
containing 0.20 to 0.30% CI” were in acid-base balance, which supported the
best performance.Cation and anion imbalance affects chicken growth and
could influence the incidence of leg problem (Karunajeewa and Bar, 1988,
and Teeter and Belay, 1995). Tibial dyschondroplasia (TD) incidence is
increased with CI excess when it is not balanced with Na* or K* ( Ruiz—Lopez
et al., 1993). i

Litzow et al. (1967) reported that Ca losses due to chronic renal disease
were returned to zero when the case was freated for acidosis. Also, Petifo and
Evans (1984) concluded that dietary acid-base balance affects the
mineralization of bones.

Chronic metabolic acidosis alters the renal metabolism of vitamin D3 by
preventing the conversion of the vitamin to its metabolically active from [1,
25(0OH), D3] . With greater metabolic acidosis, it would be possible to observe

increased area of hypertrophic cartilage region and consequently greater TD
incidence. (Rama Rao et al., 2003).

The best DEB for the starter phase was between 246 and 315 meq / kg,
under conditions of these tests. It was demonstrated that using approximately
these dietary levels acid-base balance is normal, and TD incidence is
minimized. However, lower levels of Na® appear to increase TD incidence.
Litter moisture increases linearly as dietary Na® increases, even though
dietary CI" has no effect on this variable (Murakami et al., 2001). Borges et al,
(2003) found that the 240 DEB treatments gave significantly higher weight

gain, feed intake, water iniake, and water: feed ratio and lower feed
conversion ratio than the 145 and 130 DEB.
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The objective of the present study is to demonstrate the effect of various
dietary electrolyte balance (DEB) on the incidence of leg problems and growth ..
performance of broiler chicks.

Materials & Methods

1.Materials:

1.1. Experimental chicks:

The present study has been carried out using 200 one-day-old commercial

Hubbard broiler chicks. The chicks were reared on deep litter- system and

maintained under good ventilation, suitable temperature, and continuous-

lightening program, fed ad-libitum with free access of water. The chicks were

allotted into 5 experimental groups each of 40 birds and reared in separate

pens. All experimental birds were subjected to the recommended vaccination

program against Newcastle (ND} and Gumboro diseases:

3.1.2. Experimental diets: :
The chicks were fed on basal diet formulated mainiy from, ( ds fed

analyses) ground yellow corn (8 % CP), soybean meal (43.84 % CP), fish

meal (Herring 71.92 % CP), comn gluten (64.95 % CP) and corm oil.

The ingredient composition and proximate chemical analysis of the basal .

diets are presented in Table (1).Moisture, crude protein, ether extract, calcium - :
and phosphorus were chemically analyzed in the diets: accordmg to AOAC'
(1984). .

Table (1): Composition of the basal diet in percentage (as fed basis).

[Starter Grower
I Ingredient compaosition {on fresh basis) ’ o
Yellow corn 55 61.23
Soyhean meal (44% protein) 28 24
Fish meal (herring 72% protein} . 5 B
corn oil 4 L 4
Corn gluten ok

Dicalcium phosphate

.35
Limestone

2.22
- |0.08
30

Commmon salt

|Mineral and vitamin premix!™®
Sod, bicarbonate

Sand {fing)®

.800

Il. Proximate chemtca! analysns {as fed)
Energy (Keal MEIkg)
Crude protein
Fat
Ca
otal P
Avaitable PP
(3t

3150
20.3

g3 .
.67
0,37
.71
12

0.13
CalP R

DEBY 196

ol
Iﬂ}

Wprovides (1n 1Ukg diet) vitamin A1500, vitamin D3 200, vitamin E 10 and {in mg/kg diet)
vitamin K 0.5, vitamin B12 0.01, biotion 0.15, choline 1000, folacin 0.55, Niacin 30,
Pantothenic acid 10, Pyridoxine 3.5, Riboflavin 3.6 and Thiamin 1.8.
@0 be replaced by the electrolyte supplement if needed according to the experimental
design.
‘3) Calculated according to the feed composition table s given by NRC for poultry
) DEB = mlli!equwalent of (Na + K-Cl) / kg diet.
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Table {2):The dietary electrolytes content to adjust DEB of different treatments.

DEB {meq/kg)*’
Item Starter period - Grower period

181 130 321 280 150 96 300 247
Electrolyte supplement
NH, cI 0.25 [0.53 |- " 0.25 [0.53 | .
NaHCO, %" - - 0.8 (045 |- - 0.80 [0.45
Cation-anion content
Na % 045 015 [0.37 10.27 012 D12 0.36  0.24
K % {079 ©79 079 079 0.71 0.71 0.71  (0.71
Ci % 0.31 0.5 015 [015 [0.30 0.48 [0.13  [0D.13

ik Hemajet company.

MCalculated according to the chemical composition of feedstuffs (NRC, 1994).

The basal diets were starter diet which was fed from 1 to 21 day old and
grower diet which was fed from 22 to 42 days old.
The calculated values of the basal diet for dietary elecirolyte balance (DEB)
demonstrated 229 and 196 meq / kg diet for starter and grower diets
respectively (NRC, 1994) (Table 1).

The diets were supplemented with 0.25 or 0.53% of NH4Cl for the diets fed
to the groups 2 and 3 respectively and with 0.80 and 0.45% of NaHCO; for
the diets fed to the groups 4 and 5 respectively during both the starter and
grower periods. This replacement was on the expense of sand to adjust the
DEB in 2 levels lower and 2 levels higher than the control level in both starter
and grower diets (Table 2).

2. Methods: _
2.1. Objectives and studied parameters:

The present study was conducted to evaluate mainly the effect of
different levels of DEB (higher or lower than the literature suggested levels) on
the leg deformities of broilers in the different growth stages. Moreover, the
literature reported that there is relation between electrolyte balance and
growth performance, kidney functions and blood concentration of these
electrolytes, so, live body gain, feed intake and feed conversion were
calculated.  Also, serum and bone of legs were analyzed for Ca (Glinger
and King, 1972), P (Kilchling and Freiburg, 1951) and Na & K (Collins and
Palkinthome, 1952) to show the effect of different DEB elements

The different growth performance parameters were examined weekly and
calculated in cumulative manner all over the experiment, however, metabolic
profile of the tested minerals and leg bone | (tibia) measurements and
‘mineralization were examined at the end of each growth stage period of the
experiment. Eventually, the leg deformities and moralities of chickens in the
different groups were recorded throughout the experimental period.

2.2. Expéfimental design: :
The chicks were reared for 6 weeks and the different dietary (DEB) values

were adjusted to the experimental diet from the 1% day to the last day of the
experiment. Table (3) demonstrate the 5 nutritional treatments for the control,

304




MINUFIYA VET, J. VOL. 4 NO. 2, APRIL 2006

two higher and two lower levels of DEB in diets fed to the 5 groups in the
starter and grower periods.

Table (3) The 5 nutritional treatments DEB in the experiment diets

I\gﬁetsNStarter {(1-21 days)  {Grower {22-42 days)
{Experimental grod
{1) Control 229 196
Iower levels
(2) 181 150
(3) 130 _ 96
[Higher levels
(4 - 321 300
(5) 280 247
RESULTS & DISCUSSION

The chatlenge of the effect of DEB on leg abnormality in poultry using the
salts NaHCO3, and NH.Cl were investigated by several researchers who have
attempted to relate leg anomalies and production responses o a linear
combination of the sodium, potassium and chlorine. For exploring responses
to various mixtures of NaHCO3; and NH4Cl and consequently various DEB
levels on the main objective of this study which was carried out fo examine
how this dietary cation-anion expression is related to growth performances
and leg abnormalities in broiler chickens. Effects of alteration of DEB on body
weight gain, feed intake, and feed conversion ratio are presented in tables (4
to 6). These resuits showed that when DEB values were lower than the
control (181 and 150) or (130 and 96) as compared with control (229 and 196)
in starting and finishing periods respectively, the body welght gain was
insignificantly decreased in the starting period but by the end of the
experiment it showed significant decline in cumulative body weight gain

The obtained results are explained by going through the data of feed
intake (Table5) which demonstrated a decrease in feed intake which migh be
attributed to imbalance in electrolyte supplementatlon at these levels of DEB
that can cause inappetance with weight gain reduction when compensatory
mechanism are not enough fo maintain the acid-base homeostasis (Mongin,
1981) or there was no chance to DEB correction. These results are coincided
with the finding of Borges ef al. (2003) who stated that the best performance
of chicken could be obtained by DEB 240 meqg/kg diet, Also, Sauveur and
Mogin (1978) and Hooge (1995, 1998) reported that the best chicken
performance obtained when DEB ranged from 246 to. 264 meqg/kg diet.
Moreover, these results are in agreement with the flnding ‘of Borges et al.
(2003) which indicated that the chickens showed higher body weight and feed
intake when fed a diet of DEB 240 meq/kg diet than chickens fed a diet from 0
to 130 meg/kg diet. Also, it has been reported that optimal performance can
be achleved with diet contamlng 250 meq!kg Diet (Murakamr et al., 2001).
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The present results indicted that increasing the DEB concentration in the
starter to 321 meq/kg (by adding 0.8% NaHCO;) or to 280 meq/kg (by adding
0.4% NaHCO;3) and in the grower period to 300 meq/kg by adding. (0.8%
NaHCOs) or to 247 meg/kg by adding 0.45% NaHCO3), have supported the
growth performance as the body weight gain was increased as well as feed
intake as compared to the groups fed low DEB.

The beneficial effects of manipulating the dietary cation-anion difference
(DCAD) or DEB concentration to 280 meqg/kg and 321 meg/kg in the starter
period and to-247 meaq/kg and 300 meg/kg in the grower period on
performance in this experiment would likely be due to increased feed intake.
Adding Na% to the diet in the from of sod. bicarbonate results in maintaining the
body weight gain without significant increase from control group and these
results adapted to Murakami et al. (1997b) who reported that excess dietary
Na increased the body weight gain but disagree with results observed by
Mongin (1981) who reported that the excess in dietary Na lead to reduction in
body weight gain and poorer feed efficiency. -

. The results concerning feed conversion ratio (Table 6) revealed that the
groups fed low DEB (group 2 and 3) demonstrated inefficient feed utilization
as compared with other experimental groups (2.4, 2.2 FC versus 2.0, 2.02,
2.02) in groups 2 and 3 versus groups 1, 4, 5, respectively. This may be
aftributed to the dietary electrolyte imbalance affecting the feed digestion and

assimilation, the same cause of inappetance and decreased feed intake
(Johonson and Karunajeewa, 1985).

.. Considering the major objective of the present study, the effect of DEB
manipulation on leg disorder in broilers are presented in Table (7), which
demonstrate that when DEB deviate downward from 229 meq/kg diet in
starter period and 196 meq/kg in grower period (control group) to 181 or 130
meq/kg diet in starter period and 150. or 96 meqg/kg diet in grower period
respectively, led to increased numbetof the chicken suffering from lameness
in ratios 42.5 % and 55% respectively.of the fotal number of the chicken fed
these diet by the end of the experimental:period. The lameness increased by

age till the end of the experiment nearly fo.be the double number in the starter
period,_._ o R S S I

, The bad effect of manipulating the DEB concentration on leg abnormality
in this experiment would likely be due to the indirect acidogenic effect on
body fluids (Mongin, 1980) and, on bird ‘metabolism (Hooge, 1998).. With
greater metabolic acidosis hypertrophic. cartilage region increased . and
consequently. greater TD incidence (Adesina and Robbins, 1987, Ruiz-Lopez
and Austic, 1993 and Hooge, 1998). '

.- From another point of view, alteration of DEB to 181 meg/kg, 130 meg/kg
and to 150 meq/kg, .96 meqg/kg in. the starter and the grower peried
respectively produced chronic metabolic acidosis and the renal metabolism of
vitamin D3 may be altered by preventing conversion of vitamin D to its

306




. & s HMINUFIYA VET. J. VOL. 4 NO. 2, APRIL 2006

metabolically active form (1,25 -dihydroxy cholecalciferol) which result in
imperfect bone mineralization (Rama Rao et al., 2003)

Moreover the leg deformitles mcreased by- age began tc occur by the
end of the starting period ahd aggravated by the end of the experimental
period may be due to poor bong calcification and mineralization as-it appeared
from the obtained. results (Tabﬁe 8) which. demonstrate significant reduction in
the measurements of affected tibia (length- and thlckhess) ash % and Ca % of
ash in the starting period, ash %, Ca %, and P % in the grower period.-Also,
the serum profile of minerals in consideration of bone formation (Table 9)
assured these findings in long bone ‘investigation. There was' a significant
decrease in both Ca and P levels in the starting period and.in Ca level in
grower period in the serum of the groups fed low DEB, which of course affect
calcification-and mineralization of bone. Halley et .al.:(1987) reported that there
is a high correlation between TD and acid-base imbalance, this relationship
affected bone mineralization. Lameness ‘occur when the ends of the long
bones become enlarged and exceedingly flexible. due to a lake of calcification.
This often facilitates the development of a bowed appearance most notlceable
at the ends of the tibia (Wise, 1975).

Increasing the dietary CI" in the present work moreased the incidence of
leg problem and these results coincided w1th the findings of Leach and
Nesheim (1972), Ruiz-Lopez et al., (1993}, -Hooge (1998) and Rama Rao
(2003) who reported increased incidence of TD due to-increasing the level of
Cl'in the chicken diet. The present resuits do not agree with the finding of
Murakami (2001) who reported that there is no effect for dietary CI" level on
TD incidence in chickens, and also Edward (1984) stated that there is no
effect of cation-anion balance on TD score in chicken, also Simons. et al.
(1987) indicated that dietary CI" alone was without effect on TD incidence..So,
narrowing the dietary cation-anion ratio could increase the mmdence of leg
problems

Serum .concentration of minerals under- investigation, (Table-9) also,
demonstrated. significant decrease in phosphorus' in the groups fed high
DEB(groups 4 and 5) in both starting and growing periods. This may be
attrlbuted to the oompensatory ‘mechanisms undergomg to maintain the acid
base homeostasis. Also, it could be exp!amed as the hlgh DEB in these
groups provide adequate level of Ca which.enhance bone formatlﬁnuand
increased 'bone ash content and consequently .a greater incorporation of
inorganic phosphate into bone thus lowering plasma levels of P (Edwards et
al., 1984). S
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Table (4):Cumulative body weight gain {g / bird).

Group (1) (2) (3} (4) ()
Exp.periods

X 69" +7  [73°+8.7 67.5 +9.7  |68°+8.7 69°+11

X 254° + 216" +14 5 254" +18

X 558° +32.4 [225%+21.5 |481.5" +32.5 256°+17.1 5447494

X 937 % + 21 506&34.5 787.5 +44 551‘*:«_61 2 394“-:—1 04
X 1422 * + 25(816° +57 1158, 5 +80 [800.5% +100 13342481
2013° + 1202 91 |[1608°+128 1349, 5 +82 [1915°°+183
1668°+148 1935.5°+123

DN WA

Means (X} with different superscripts within same raw differ significantly at (P < 0.05)
(1) DEB229 and 196 meq./kg diet (conirol) in starter & grower period respectively.
(2} DEB181 and 150 meq./kg in starter & grower period respectlvely
{3) DEB130 and 96 meq./kg
{4) DEB321 and 300 meq./kg
{5) DEB280 and 247 meq./kg e

Table {5): Cumulative feed intake (g / bird) allover the experimentai period.

Group (1) (2) (3) (4) (5)

Exp period

1 135 147 136 135 134
2 507 472 458 508 508
3 1116 1074 967 1108 1098
4 1874.5 1774 1657 1828 1816
5 2845 2646 2509 2728 2701
6 4028 3699 3566 3911 3876

Means (X) with different superscripts within same row differ significantly at (P < 0.05)
(1) DEB229 and 196 meq./kg diet (control) in starter & grower period respectively.
(2) DEB181 and 150 meq./kg in starter & grower period respectively.
(3) DEB130 and 96 meq./kg
(4) DEB321 and 300 meq./kg
(5) DEB280 and 247 meq./kg in starter & grower period respectively
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Table (6) Cumutative feed conversion ratio allover the experimental period.

Group |(1) (2) (3) (4) (5)

Exp. period
1 1.96 2,01 2.01 1.99 1.94
2 - 2.00 2.10 2.12 1.98 2.00
3 . 2.00 212 2,01 2.01. 2.02

2,00 217 2.10 2.03 2.03
5. 2.00 2.20 2.17 2,02 2.02
6 2.00 2.41 2,20 2.02 2.02

Means (X} with different superscripts within same row differ significantly at (P < 0.05)
(1) DEB229 and 196 meq./kg diet (control} in starter & grower period respectively.
(2) DEB181 and 150 meq./kg in starter & grower period respectively.
(3) DEB130 and 96 meq./kg — - .
(4) DEB321 and 300 meq./kg . .
{5) DEB280 and 247 meq./kg

Table (7) Cumulative leg abnormalities % allover the experimental period.

|Group 1 2 3 4 5
Weekly leg abnormalities % %o % %o %

1 0 0 0 0 0

2 0 2.5 a 2.5 0

3 0 10 15 2.5 2.5
4 (o] 17.5 22,5 2.5 5
5 0 27.5 37.5 ] 5

|6 2.5 42.5 55 7.5 7.5

Means {X) with different superscripts within same row differ significantly at (P < 0.05)
(1) DEB229 and 196 meq./kg diet(control) in starter & grower period respectively
{2) DEB181 and 150 meq./kg in starter & grower period respectively.
(3) DEB130 and 96 meq./kg
(4) DEB321 and 300 meq./kg
(5) DEB280 and 247 meq./kg in
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Table (8): Tibia measurements and its minerals content {on the dry basis} (a) at the end
of the starting period and (b) at the end of the growing period (42 days).

Group (1) (2) (3) (4) {5)
Parameter
Lenglh {cm) X {a) 7.5+ 0.1 7.4 +0.92 7.38 +1.0 7.4 +0.13 74013
(b) 9.56 + 0.56  [6.38 + 1.7 B.13 £ 1.3 9.5 + 0.59 9,37 + 0.44
Thickness (cm) X {a} 0.65 + 0,056  [0.73 2 0.11 0.63 +0.11 0.65 + 0.07 0.65 + 0.05
{b) 0.93+0.07 [0.55%0.18 0.5+ 0.13 0.9 +0.00 0.9 + 0.07
Ash % X {a) 56.5 +0.12® Ha7+22b 40.6 + 6.3b 53 + 3.1 46 + 3.4
{b) 54.5 + 0.47 [34.9% 3.4™ 37.8 + 1.36" 557 + 095" [54.7 + 1.14®
Ca% of ash X (a) 375+ 136" 36.3 + 0.77™ 37.35 + 4% 14.9 + 0,919 36.8 + 2.1
by 377+ 26"  B37.3+0.8% 3535+ 136"  [38.5+55" 38.9 +.4.5%
> % of ash X (a) 20.74 +2.7% [223 + 297 18.9 + 189 20,3 + 1.79 19,66 + 1.7
{b) 22.3 + 1.7 [20.22 + 2.3 1786 ¢ 1.1 20+33% - 2072159
CalP X {a) 1.81 + 0.16%  |1.61 +0.22® 1,98 + 0.4" 1.7240.45%  [1.87 + 012
(b)1.7 40449 1,86 +0.18% 1.97 + 0.08% 1.75 + 0.09%  [1.69 + 0.2
Na% of ash X {a) 7.11 + 1,729 16.24 + 028" 6.11 + 0.14" 6.07 + 0.207  [5.67 + 0.47%
{b)6.64 +0.46  (5.84 +0.12 5.90 + 0.1 6.10 + 0.13 5.70 + 0.14
K% of ash X{@) 3.9 +1.1% 362+ 1.24" 14,39 + 0,42 .95 + 45% 4,95+ 1,96
(b} 3.39 +0.45 5.2 +0.45 5.87 + 0.1 8.69 + 0.1 5.21 + 0.45

Means (X) with differente superscripts within same raw differ significantly at {P < 0.05)

(1) DEB229 and 196 meq./kg diet{control) in starter & grower period respectively.

{2) DEB181 and 150 meq./kg in starter & grower period respectively.

(3) DEB130 and 96 meq./kg

(4) DEB321 and 300 meq./kg . .
(5) DEB280 and 247 meq./kg . !

Table (9) Ca, P, Na and K concentrations in serum (a) at the end of the starting period
{3 wk) and {b}.at the end of the grower period {42d)

DEB (1) (2) (3} (4) (5)
Parame
Ca(mg%) X (2) 105 %0327 |8.7+0.41°7 |8.0%0.257 [10.3%0.37 © 19.92+ 041" |
. (b) 9.92+0.55% |8.3%0.321" [8.6%0.420 [103%+02" l9620517
P(mg%)  [X(a) 4.7+ 041 |3.99+032° |40 £0.42% |38+031"" |3+028"
(b) 4.2+0.61% 138+051" PB6+0.41% [269+03" [275%04"
Na(m.mollL) X (a) 166 €12 [166+16 %  [167 +13% [169+159  |161 £ 17"
(b} 145 +13%  l1eax 12" 1158 %15% |163 +1209 172+ 179
K (m mallL) X (a) 15 + 2.5% 13 +2.8% 134519 [12+2.99 9.0 + 1.5%
(b) 14+ 2.8%  |12+3.4% 13+3.79

9 + 2,5 6.5 + 3.5

Means {X) with different superscripts within same row differ significanlly at (P < 0.05)

(1) DEB229 and 196 meq./kg diet {control} in starter & grower period respectively.

(2) DEB181 and 150 meq.fkg in starler & grower period respectively.

(3) DEB130 and 96 meq./kg

{4) DEB321 and 300 meq./kg
{5 )Y DEB280 and 247 meq.lkg
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