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Abstract: The aim of this study was to ascertain the influence of natural Ca-zeolite consisting mainly of
clinoptilolite and mordenite as a feed additive on the water consumption and some carcass characteristics of
the broilers. One day old, 240 sexed Ross 208 broiler chicks obtained from a commercial hatchery were divided
mto 4 treatment groups of 60 birds each. Four expenmental diets were tested with four levels of Ca-zeolite
(0, 1, 3 and 5%) with completely randomized design with 3 replicates and 20 chicks per replicate and stocked
with 14 birds m ™. The usage of varicus levels Ca-zeolite in diets did not have any significant effect on water
consumption, water/feed ratio (mL. g™") during the 6 weeks trial and some carcass characteristics (live, cold
carcass, drumstick, breast, wings, back, neck and edible giblets weights) in two sexes and mixed sex between
the groups at 21 and 42 days of age (p=0.05). Feed consumption did not differ considerably between the groups
i 6 weeks (p>0.05) but there are differences between the groups from 2-5 weeks (p<<0.05). Ca-zeolite addition
did not affect negatively viabilities in each group (95.55, 100.00, 100.00 and 100.00) (p=0.05). Finally, the values

achieved by the addition of Ca-zeolite to broiler diets were usually in acceptable scale.
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INTRODUCTION

The use of natural clinoptilolites and mordenite have
recently widened as a feed additive in broiler diets
(Quarles, 1985, Olver, 1989). Zeolites used as a feed
additive in broiler hybrid have mineralogical and structural
differences. Some zeolites (for example -erionite)
morphological features (Accicular/fibrous) were analyzed
showing the impact has been known that was probability
carcinogenic. Therefore, the type of zeolite used in
selection 18 important. The effects of zeolite may be
observed due to its high molecular sieve adsorption
capacity, effective selectivities for cations and ion-
exchange capacity; hydration and dehydration;
deodorizing properties and acid resistance. These may
play a role in explaining the effectiveness of natural
zeolites n agriculture (Mumpton, 1984; Tsitsishvili ef al.,
1992). Tt has been reported that zeolites can absorb the
nitrogen of some amino acids, thus stabilizing them; they
can reduce the energy required for the production of meat
and also increase the utilization of calcium i the body
(Quarles, 1985; Nestorov et al., 1985; Roland, 1990).

Water in addition to being a vital nutrient 1s involved
in many aspects of poultry metabolism including body
temperature control, digestion and absorption of food,

transport of nutrients and the elimmnation of water
products via urine from the body (Tafari et al., 2006). Tt is
accepted to monitor daily water consumption of the birds
by house as it can often be an early indication of a health
problem and the water consumption may either increase
or decrease compared to the standard consumption
expected (Butcher et al., 1999). Water consumption can be
affected by 1ssues of feed quality such as feed
composition and suitability, feed type, feed intake and
mycotoxin contamination (Manning et al., 2007a).

In animals, the optimum growth, producing and for
effective feed efficiency are needed consistently high
quality water (Scott ef al,, 1982). Feed consumption and
water intake are located in a strong relationship between
water consumption that also decreases with decreasing
feed intake (Sykes, 1983, Duke, 1986). The poultry
producers were interested in the harmful effects of water
content as well as harmful effects. A difference in the
structure of water was caused by different production
results (Eleroglu and Sarica, 2004). Many factors are
known to affect water mtake such as genetic, dietary salt
concentration, source and concentration of dietary
protemn and physical form of the diets. Water intake 1s
more dependent on the availability of feed than feed is on
the availability of water (Marks and Brody, 1984). Zeolite
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supplemented diets are well tolerated by the animals and
they support biomass production and inprove the health
status of the ammals (Martin-Kleiner ef af., 2001,
Papaioammou et al., 2004).

The main aim of the presented research was to
investigate the effect of Ca-zeolite as a feed supplement
on the water/feed consumption, viability and carcass
characteristics of broilers during their growth at defined
experimental conditions.

MATERIALS AND METHODS

Zeolite: The zeolite used in this study was provided from
well-defined zeolitic tuff of Eocene age in the Sivas-Yavu
region of Twkey (Yalemn, 1997). Mineralogical
assemblages were determined on bulk samples by means
of a Rigaku DMAX IIIC automated diffractometer at
Cumhurivet University, Sivas. The material added to the
basal diet during this investigation was comprised mainly
of clmoptilolite (50%), mordemte (40%), quartz (5%),
feldspar (5%) and trace amounts of smectitic clay. X-ray
diffraction pattern and morphologies of zeolites were
largely explained in another application (Eleroglu and
Yalecin, 2005). The samples were analyzed at the
Activation Laboratories TLtd  (Actlabs, Ancaster,
Canada) for major oxides and trace element contents
using Inductively Coupled Plasma-Mass Spectrometer
(ICP-MS).

Si0,, AlLO;and H O related to loss on ignition and
CaO are the essential oxides of zeolitic material and Fe,O,
and Mg are represented in minor concentrations
(Table 1). Heulandite/clinoptilolite and mordenite bearing
tuffs are quite richer in alkaline earth elements such as
chiefly Ca insignificant Sr and Ba rather than alkali ones
such as Na and K. The ratios of some oxides as
S10,/(ALOFe,0,), (Na,O+K,O)/(CaO+MgO+BaO+Sr0)
and Na,O/K,0 are 4.68, 0.29 and 1.42, respectively that
can be nomenclatured as Ca-zeolite by eliminating of very
small impurities such as quartz, feldspar and clay. Further
transition metals and other tracers have not of note
amounts in the composition of zeolite.

Table 1: Chemical composition of the natural zeolitic volcanic tuff used in
the experiment
Major oxides

Trace elements Trace elements

(wt. %6) Values (mg kg™!) Values (mgkg™"  Values
Si0, 63.820 Cr a0 Sb 1
Tily 0.297 Ni 20 Rb 17
AlLO; 11.720 Co 3 Ba 1255
2Fe, 0 1.920 Sc 7 Sr 3571
MnO 0.022 v 31 Ga 13
MgO 1.040 Cu 10 Nb 10
CaQ 4.110 Pb 22 Hf 5
Na,0O 0.950 Zn 40 Zr 194
K0 0.670 Sn 4 Y 30
P05 0.070 W 1 Th 13
LOI 14.840 As 9 u 2

¥ Fe, (0, = Total iron, 1OT = Loss on Ignition at 1000°C

44

Animal and feeding: About 240 days old sexed broiler
(Ross 208 strain) chicks were obtained from a commercial
hatchery from Kayseri Yemsel Company, Tukey. The
birds were randomly distributed into 12 pens each
with 10 males and 10 females. There were 4 dietary
treatments, each containing 3 replicate pens. The
experiment was conducted in completely randomized
design Two maize-soybean meal basal diets (Starter
0-11 days, grower 11-21-35 days and finisher 35-42 days)
were formulated to provide adequate levels of all nutrients
for broilers (NRC, 1994; Table 2). The diets of starter
phase (0-11 days) were calculated that contamn 23% Crude
Protein (CP) and 3.040 keal of Metabolizable Energy (ME)
per kg of diet; 21.5% CP and 3.140 kecal of ME per kg of
diet for the grower phase 1; 20.5% CP and 3.180 kcal of
ME per kg of diet for the grower phase 2 and 19% CP and
3.220 kcal of ME per kg of diet for the finisher phase. The
basal diets as control groups were supplemented with 4
levels of Ca-zeolite (0, 1, 3 and 5%) toprovide 0, 10, 30 and

Table 2: Ingredients and composition of experimental diets (%)

Days

Feed ingredients 0-11 11-21 21-35 3542
Corn 54.290 55.280 57.68 61.660
Soybean meal 16.200 11.480 821 4.200
Full-fat soybean 16.000 20.000 21.00 21.000
Chicken meal 3.900 3.900 3.90 3.900
Sunflower meal 3.000 3.000 3.00 3.000
Meat-bone meal 2.460 2.600 2.60 2.600
Vegetable oil 1.110 2.180 230 2.480
Fish meal 1.000 - - -
Marble powder 0.600 0.520 043 0.250
Vitamin-mineral premix* 0.300 0.250 0.25 0.200
DL-methionine 0.270 0.210 0.15 0.150
Lysine 0.240 0.110 0.07 0.072
Salt 0.100 0.100 012 0.110
Vitamin D 0.100 0.075 0.04 -
Vitamin-E 0.050 - - 0.100
Enzyme 0.100 0.100 0.100 0.100
Sodium bicarbonate 0.075 0.071 0.057 0.075
Choline chloride 0.070 0.070 0.050 0.050
Anticoccidiostat 0.050 0.050 0.050 -
Toxin binder 0.050 - - -
Calculated nutrients composition (%)

ME (keal kg™) 3040.000  3140.000 3180.00  3220.000
Crude protein 23.000 21.500 20.50 19.000
Crude cellulose 4.440 4.520 449 4.480
Crude ash 6.070 5.710 543 5.100
Ether extract 8.910 10.610 1093 11.310
Lysine 1.500 1.300 1.20 1.100
Methionine 0.610 0.530 0.46 0.440
Methionine+cystine 1.080 0.980 0.90 0.860
Threonine 0.980 0.880 0.84 0.780
Calcium 1.050 0.950 0.90 0.800
Total phosphorus 0.760 0.720 0.71 0.670
Awvailable phosphorus 0.500 0.460 0.46 0.430

Each kg of vitamin-mineral premix contained: Vitamin A, 4.400.000 TU;
vitamin Dj, 1.600.000 IU; vitamin E, 20.000 mg; vitamin K;, 1.600 mg;,
vitamin B, 1.200 mg; vitamin B, 3.200 mg; vitamin B;, 20.000 mg;
vitamin Bs, 6.000 mg; vitamin B, 1.600 mg; vitamin By, 800 mg; vitarmin
B2, 8 mg; biotin, 80 mg; antioxidant dry, 50.000 mg; Cu, 6.000 mg; Fe,
20.000 mg; Mn, 48.000 mg; Se, 80 mg; Zn, 40.000 mg; Co, 80 mg; L,
500 mg
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50 g kg™ of total Ca-zeolite in the diet. All basal feed and

water were supplied ad libitum for all chicks during
experimental works. A broiler house was divided into 12
sections with 2x1x1 m (length x width x height) n
dimensions and separated by mesh wire fences that were
prevented air exchange between sections and stocked
density with 14 birds m™. Tts preparation was fulfilled as
specified by Turkoglu and Sarica (2009) prior to
introduction of the chicks. The interior of the broiler
house was naturally ventilated. The treatment groups
were randomly distributed in the houses and the same
airflow was provided. The temperature was maintained at
32°C during the 1st week and then was reduced by 3°C
week ™ until 20°C was reached and this temperature was
protected until the end of the testing. The birds were
exposed to light for 24 h during the 1st 3 days and then
23.5 h light and 30 min dark daily until the slaughter age.
Feed and water containers were placed in each section
and fresh water was provided ad Iibitum. Suspended
plastic feeder and plastic nipple with drip cups were
utilized in each section for the 1st 10 days after using one
drinking cups for chicks and flat chick feeders. For each
division was mounted to measure water consumption one
cylindrical, scaled, rgid and good temperature
tolerance, 10 L. capacity tanks with hard surfaces. Feed
was weighed and added by depending on the feed
containers when levels were dropped. The heights of both
the feed and the water containers were adjusted as the
chickens grew. The content of the water used in this
research are shown in Table 3.

Carcass traits measurement: At 21 and 42 days of age,
twelve birds (six males and six females ) per treatment were
randomly selected, weighed and slaughtered for carcass
evaluation. After slaughter, birds were eviscerated and
carcasses were cooled for 24 h, 4°C and then were
measured cold carcass weight. Carcass parts weight as
drumstick, breast, wings, back, neck and edible giblets
were determined according to rules of TSE (1987).

Statistical analysis: Data were analyzed by a completely
randomized design within water consumption, carcass

Table 3: Tngredients of experimental water

characteristics and feed consumption groups based on
the GLM procedure of Minitab software (Minitab,
2000). Results were offered as meantSEM and differences
among treatment means were compared by Duncan’s
multiple-range test.

RESULTS AND DISCUSSION

The effects of adding different levels of Ca-zeolite in
the broiler diets on the water consumption, feed intake
and water/feed (ml. g™) ratic are shown in Fig. 1 and
Table 4-6, respectively. Ca-zeolite addition did not affect
water consumption and water/feed ratio in each group
(p=0.05).

Feed intake did not differ significantly between the
groups in 6 weeks (p>0.05) but there are differences
between the groups from 2-5 weeks (p<0.05). Effect of
dietary supplementation of different levels of Ca-zeolite
on some carcass characteristics at 3 and 6 weeks of age
are shown in Table 7 and 8, respectively.

10007 o water (1)
9.00 —o— Feed (kg)
8.00 —w- Wator/foed (mg g )
7.00-
6.00-
5.00-
4.00-
3.00-
2004 *——— " *
1.00-
0.00- - r r 1 r |
1 2 3 4 5 6
Weeks

Fig. 1: Water consumption (L), Feed consumption (g) ve
Water/feed (ml. g™") ratio

Table 4: Effect of dietary supplementation of different levels zeolite on water
consumnption (L)"

Groups
Age
(weeks) Control 1% Zeolite 3% Zeolite 5% Zeolite
1 372.33£0.580 359.25+24.50 373.08+1.390 374.54£7.100

2 1214.00+19.60 1238.40+79.40 1246.10+18.90 1239.70+40.30
3 2412.90+98.20 2394.20+£74.40 2458.10+156.5 2465.80+89.80
4 4323.404293.9 4081.80+179.1 4217.90+268.7 4168.60+188.7
5 6607.70+214.1 6171.30+211.1 6334.00+=343.1 6286.90+343.8

8943.30+515.1 8537.00+238.8 8501.10+431.6 8583.70+454.0

Characteristic Amounts Acceptable level* - —

pH 763 6.5-8.5 *Differences not significant (p=0.05)

Total hardness (F.S.) 15.20 <100 soft

Chloride (mg L1 .67 250 Table 5: Effect of dietary supplementation of different levels zeolite on feed

Sulfate (g L™) 33.37 50-200 consumption {g)"

Nitrate (mg L™") 2.84 10mg L™ Groups

Nitrite (mg L™!) - 0.4mgl™! Age

Calcium (mg L1 3891 <600 weeks Control 1% Zeolite 3% Zeolite 5% Zeolite

Magnesium (mg L) 13.30 50-125 1 164.68+1.240*  164.04£1.970* 163.91+1.020° 163.37+4.530°

Copper (ug L™Y) 1.62 0.002mgL™! 2 605.5242.800* 601.984+2.980* 608.70+£9.080* 589.71+3.91(0°

Iron (ug L1 29.56 <03mg L™ 3 1210.0045.900¢ 1204.10£14.60* 1214.40+14.90° 1179.20+15.90°

Lead (mgL™!) - 0.2mgl! 4 2126.60+£14.20° 2102.20+14.70° 2027.90433.30° 2031.70+25.70°

Sodium (mg L™) 14.13 50-300 5 3108.10+25.60¢ 3099.60+11.10° 3117.40+43.70* 3011.80=41.20°

Zinc (ug I.™H 9.05 Trace [ A 70.804+61.20° 4203.10+81.30° 4153.40+41.50° 4113.10+15.2¢°
#*

"Eleroglu and Sarica (2004); Debortoli (2005); Carter ez al. (2010)
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Means within the row with superscripts, a-b, differ significantty at p>0.03
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There are no considerable differences in live, cold
carcass, drumstick, breast, wings, back, neck, edible
giblets (heart, gizzard and liver) weights and relative
organs at 3 and 6 weeks of slaughter age (p=>0.05).
The viability of the birds in the treatment groups is

Table 6: Effect of dietary supplementation of different levels zeolite on
water/feed (mL ¢7!) ratio”

Groups

Age (weeks) Control 1% Zeolite 3% Zeolite 5% Zeolite
1 2.26 2.19 2.28 2.29

2 2.00 2.06 2.05 2.10

3 1.99 1.99 2.02 2.09

4 2.03 1.94 2.08 2.05

5 2.13 1.99 2.03 2.00

6 214 2.03 2.05 2.09

#®

Differences not significant (p=0.05)

shown in Table 9. No significant difference (p=>0.05) was
observed between the average values obtained. The basis
of interest mn the biological effects of zeolites concems
one or more of their physical and chemical properties such
as ion exchange capacity, adsorption and related
molecular sieve properties (Papaioannou et al., 2005).
There has been evidence that zeolites has beneficial effect
on feed efficiency ratio, water consumption, nutrient
utilization, manure and litter condition and more
importantly on aflatoxicosis  (Shanatmadar, 2008).
However, one of the major concerns which the use of
natural zeolites in animal nutrition arises is their potential
adsorbent and binding effect on essential nutrients
such as vitamins and minerals (Pasteiner, 1998). In such
case if large quantities of these elements are rendered

Table 7: Effect of dietary supplementation of different levels zeolite on some carcass characteristics at 3 weeks of age”

Groups
Carcass characteristics Sex"” Control 1% Zeolite 3% Zeolite 5% Zeolite
Live weight (g) M 888.80+47.2000 894.70+35.1000 916.200+79.000 862.30+80.900
F 767.33+65.6700 T73.00+38.8000 777.17+51.2900 810.67+54.280
Mixed 828.08+53.7500 833.83+25.7200 846.67+£14.9100 836.50+£66.630
Cold carcas weight (g) M 639.32+37.3900 642.77£53.5300 670.18+45.2900 620.05£59.130
F 550.00+50.3100 578.62+10.7300 548.41+72.3600 581.90+38.650
Mixed 594.66+43.6500 610.70£31.3800 609.08+13.7400 600.98+46.630
Carcass yield (%) M 71.973£1.7890 71.773+£3.1600 73.183+£1.4500 71.943+0.640
F 71.637+0.3610 75.110+3.5840 FOATO+A. 5650 71.823+1.823
Mixed 71.803+1.0180 73.44042.9190 71.823+£2.9560 71.883+1.150
Drumstick weight (g) M 178.28+9.32000 179.08+8.59000 189.77+10.7900 184.97+15.450
F 155.38+20.8200 152.98+11.7700 147.18+20.6900 156.70+11.110
Mixed 166.84+14.9400 166.03+£9.91000 168.48+12.1200 170.84+11.480
Drumstick (%0) M 27.940+0.3240 27.92741.0260 28.477+2.3490 29.810+0.940
F 28.137+1.2350 26.447+1.5520 26.860+0.8150 26.923+0.178
Mixed 28.043+0.6400 27.187+0.4310 27.670+£1.5170 28.367+0.389
Breast weight (g) M 153.23£7.25000 146.65+14.9100 164.35+19.4600 144.07+12.230
F 134.52+23.0800 137.90+4.19000 131.45+24.1500 136.78+5.3100
Mixed 143.88+14.3700 142.28+7.45000 147.9043.94000 140.4343.4900
Breast (%0) M 23.937+0.2740 22.99743.2430 24.403+1.2460 23.247+0.341
F 24.523+3.7400 23.853+1.0940 23.923+£1.4170 23.593+2.316
Mixed 24.233+1.9060 23.423+2.0700 24.160+0.3650 23.420+1.266
Wings weight (g) M 71.617+5.0020 66.900+2.0320 74.900+0.6730 71.233+4.861
F 60.500+7.6110 68.300+5.1720 63.167+5.6180 65.800+1.900
Mixed 66.060+5.5890 67.603+3.2440 69.037+£2.4780 68.520+3.304
Wings (%0) M 1.2174+0.2100 10.51741.1550 11.270+0.6410 11.48340.397
F 10.9934+0.7710 11.80740.9500 11.573+0.6720 11.330+0.442
Mixed 11.1074+0.2920 11.167+0.7490 11.420+0.1760 11.410+0.409
Back weight (g) M 203.08+19.0400 219.28+18.2100 210.87+26.9300 192.82+24.360
F 174.85£18.4200 189.93+3.56000 180.15+23.0600 192.97+29.250
Mixed 188.97+18.2100 204.61+7.38000 195.51+6.81000 192.89+26.570
BRack (%4) M 31.707+1.7490 34.423+2.0700 31.337£2.7040 31.090+1.118
F 31.807+2.7560 32.787+0.8950 32.827+0.3690 33.060+2.777
Mixed 31.753+2.0530 33.603+1.2280 32.083+1.5360 32.073£1.935
Neck weight (g) M 29.817+5.0010 23.850+1.8360 28.567+2.0890 24.667+1.168
F 23.767+1.0300 27.100+4.6210 23.767+1.4190 26.467+2.458
Mixed 26.793+2.9930 25.477+3.0560 26170403350 25.567+1.388
Neck (%0) M 4.6633£0.705 3.7200+0.213 4.2733£0.379 4.0167+£0.1856
F 4.3533+0.289 4.6800+0.751 4. 383320, 660 4.5433+£0.310
Mixed 4.5100+0.451 4.19674+0.340 4.3300+0.174 4.2833+0.214
Edible giblets weight (g) M 51.600+2.5940 55.667+0.3750 56.067+£5.4170 55.167+9.226
F 49.033+£7.1460 47.58345.0320 50.817+7.7860 53.683+7.775
Mixed 50.317+3.3360 51.630+2.6750 53.443+3.8650 54.427+5.639
Edible giblets (%6) M 8.123+0.9010 8.720+0.7370 8.327+0.1330 9.040+2.119
F 8.930+0.8670 8.227+0.8560 9.330+1.3630 9.237+1.373
Mixed 8.530+0.6680 8.473+0.7010 8.827+0.7290 9.140+1.272

*Differences not significant (p=>0.05); ** Sex: M = Male; F = Female; (%) Values are calculated according to the weight of cold carcass
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Table 8: Effect of dietary supplementation of different levels zeolite on some carcass characteristics at 6 weeks of age”

Groups
Carcass characteristics Sex™ Control 190 Zeolite 3% Zeolite 5% Zeolite
Live weight (g) M 2657.5+£203.800 2690.8+114.1000 2602.50+69.1000 2669.30+£166.000
F 2288.3+98.4000 2266.70+41.4000 2320.8+148.1000 2164.20+64.3000
Mixed 2472.9+52.7000 2478.80+42.6000 2461.70+107.000 2416.70+£59.3000
Cold carcas weight () M 1966.5+143.400 1948.0+103.3000 1924.90+40.3000 2014.6+143.6000
F 1721.7+95.5000 1695.80+1 5.0000 1667.94116.1000 1608.20+17.6000
Mixed 1844.10+£32.2000 1821.90+57.8000 1796.400£77.000 1811.40+68.92000
Carcass yield (%) M 74.053+1.1350 72.400+1.8010 73.990+0.8330 75.390+0.7590
F 74.233£1.3230 74.853£1.4090 71.750£2.0660 74.150+2.4590
Mixed 74.647+£1.1410 73.627+1.1660 72.867+1.4280 74.773£1.5590
Drum stick weight (g) M 581.42+48.9800 586.78+35.4800 560.32+17.1500 607.20+45.4600
F 480.47+£32.0600 482.40+2.74000 481.30+38.0400 466.52+12.9800
Mixed 530.95+14.6500 534.59+18.8600 520.81+26.2100 536.86+29.0600
Drum stick (%%) M 29.540+1.1150 30.113£0.2350 29.097+£0.3190 30.157+£0.2720
F 27.893+1.2590 28.4504+0.2460 28.923+0.8010 28.833+0.8550
Mixed 28.720+0.3120 29.280+0.1310 29.010+0.4230 29.493+0.4640
Breast weight (g) M 595.87+57.9900 572.37+24.0500 635.58+27.5700 614.72+43.6300
F 543,05+26.2600 516.05+35.4700 505.22+60.2800 509.62+25.1200
Mixed 569.46+21.2300 544.21+15.9300 570.40+43.0500 562.17+12.0300
Breast (%) M 30.347+0.8040 29.387+0.3780 31.340+0.8070 30.403+0.9250
F 31.583+£0.9240 30427423200 30.283+2 4060 31.770£1.1820
Mixed 30.970+£0.6640 29910+£1.1680 31.647£1.4140 31.087+0.5850
Wings weight (g) M 208.47+14.1800 210.95+4.83000 206.08+16.8100 215.5246.52000
F 193.70+£21.6200 186.15+£7.19000 196.72+5.04000 173.98+6, 53000
Mixed 201.09+5,59000 198.55£5.05000 201.40+5.96000 194.75+6,38000
Wings (%0) M 10.617+£0.1440 10.863+£0.5890 10.693+£0.7260 10.720+0.6600
F 11.250+0.8600 10.987+0.3590 11.853+1.2300 10.907+0.3660
Mixed 10.930+0.5030 10.927+0.2300 11.277+0.3620 10.813+0.2160
BRack weight (g) M 450.07+£39.3200 450,93+41.9300 396.65+15.5600 448.25+50.0200
F 389.38+30.2600 405.13+£35.2500 373.02+42.0300 352.62+25.3000
Mixed 419.73+£13.5600 428.04+33.5500 384.84+18.6600 400.44+12.4400
BRack (%4) M 22.830+1.7980 23.113+0.9060 20.643+1.2740 22.327+1.3770
F 22.593+1.1280 23.883+1.8940 22.277+1.8290 21.910+1.4350
Mixed 22.710+£0.6200 23.493+1.2010 21.460+1.2040 22.120+0.3580
Neck weight (g) M 127.50£10.1700 127.23£3.66000 121.75£15.4900 127.68+16.9200
F 107.43+£2.61000 105.92+£18.9300 109.37£13.6600 102.50+18.2800
Mixed 117.47+£5.41000 116.58+11.2400 115.56+9.23000 115.09+£14.1300
Neck (%0) M 6.5000+0.075 6.5467+0.395 6.3300+£0.858 6.3400+0.720
F 6.2500+0.338 6.2467+1.092 6.5200+0.435 6.3900+1.125
Mixed 6.3767+0.162 6.3933+0.710 6.4233+0471 6.3633+0.598
Edible giblets weight (g) M 126.40+£7.04000 126.95+6.16000 117.020+5.8000 121.82+1.62000
F 124.35+11.6500 120.68+£5.76000 117.05+£10.3500 115.23+£10.3500
Mixed 125.38+7.29000 123.82+1.95000 117.04£2,87000 118.53+£5,12000
Edible giblets (%) M 6.4433+0.376 6.5300+0.075 6.0867+£0.220 6.0600+0.445
F 7.2400+0.948 7.1167£0.411 7.1500£1.116 7.2533+£0.482
Mixed 6.843340.332 6.8233+0.231 6.6200+0.460 6.6567+£0.460

*Differences not significant (p=>0.05); ** Sex: M = Male; F = Fernale (%0). Values are calculated according to the weight of cold carcass

Table 9: The viability of the birds in the treatment groups (%6

Groups
Age (weeks)  Control 190 Zeolite 3% Zeolite 5% Zeolite
1 100.00£0.00  100.00£0.00  100.00+0.00 98.254+3.04
2 100.00£0.00  100.00+£0.00 08.3342.89 98.334+2.89
3 98,33+£2.89 100.00£0.00  100.00+0.00 96.394+3.13
4 98.33£2.89  100.00+0.00 98.25+3.04 98.15+3.21
5 100.00£0.00  100.00+0.00 95.54+3.89  100.00+0.00
6 95.55£3.85 100.00+0.00  100.00+0.00  100.00+0.00

unavailable to the amimals via feed m a long-term basis,
the caused nutritional imbalances might have a non-
desired effect on both performance and health status
preservation. In  order to whether the
requirements for essential elements are met, the

estimate

absorbable or utilizable/available amounts are considered
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rather than the total amounts in feed ingredients.
Chickens consume about twice as much water as food
(1.8:1 at a temperature of 21°C in bell drinkers) although,
this ratio can be much higher during hot conditions (NRC,
1994; Turkoglu and Sarica, 2009). However m heat-
stressed birds this level will be increased. Water intake of
a chucken will mcrease by 6-7% for each degree »21°C and
is closely linked to feed intake and bird age. As the bird
gets older, the demand for water will raise (Bailey, 1999).
Lott et al. (2003) estimate the correlation between feed
and water consumption at 0.98. An increase or decrease
from expected water consumption levels can be an
indication of a health problem (Butcher et al, 1999).
Research results obtained from the total consumption of
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water, feed consumption values and water/feed (mL g™)
ratio around specified limits (NRC, 1994; GEORGTA, 2001,
Mannming et al, 2007b; Turkoglu and Sarica, 2009)

remamed and show no health problems (Butcher et al.

1999). Within the limits of the water content to be used in
the study reported (Eleroghu and Sarica, 2004) from the
consumption of water and water/feed (mL g~') ratic to
remam within the limits prescribed contribution.

Some previous researchs demonstrated that there is
a relationship between feed and water consumption
(GEORGIA, 2001; Lott et al., 2003). The volume of water
consumed by birds 1s influenced by a number of differing
and even cumulative factors. Water usage has historically
been measured in Liters/birdicycle or Liters/1000
birds day~' . These indicators can reveal a sudden rise or
fall in water consumption which can then be investigated.
The ratio between feed and water consumption also gives
an indication of performance (Manning et al., 2007b). Tt
also stated that the feed: water ratio varied between 1.5:1
m Winter and 1.77:1 in Summer (GEORGIA, 2001).

The ratio between feed and water consumption not
only varied between Summer and Winter production but
also between production systems and sites. The ratio was
1.65 i the Winter and 1.72 in the Summer and for the
larger birds which was between 1.62 and 1.93 showed
much greater variance across the crop cycles. There was
also a larger deviation in the Summer than in the Winter
months (Manning et al., 2007b).

Among the many studies conducted regarding
zeolites effects on all aspect of poultry performances,
there has been little attempt to measure whether zeolite
has any effect on water intake. Of these, Onagi (1965)
demonstrated that water consumption as well as moisture
content of litter were reduced when zeolite was included
in the diet of broiler chickens (Mumpton and Fishman,
1977). There was no explanation as to why zeolite
should have adverse effects on water consumption
(Shariatmadari, 2008).

In particular, the presence of inorganic elements such
as sodium (Na), potassium (K) and Chloride (Cl) will be
associated with increased water consumption. Thusly,
Watkins et al. (2005) reported that levels of Na and Cl in
drinking water and mn the diet sigmficantly affected live
performance of broilers with a sigmificant interaction
between dietary and water levels. Barton et al. (1986)
confirmed that elements in the water had significant
(p<0.05) correlation (1) to feed conversion (Magnesium
positive 1; calcium negative 1), body weight (Dissolved
oxygen, bicarbonate, hardness and magnesium positive r;
nitrate negative 1), livability (Calcium and potassium
negative 1) and condemmnation (Calcium and mtrate
negative r). Barton et al. (1986) suggested that growth
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performance was related to the aggregate of elements in
the water as well as high or low levels of specific
elements. This event was supported by Zimmermarm et al.
(1991) when an experiment with elevated dissolved
oxygen in the water failed to improve broiler body weight.
In this case, the effect of the zeolite will depend on the
content of feed and water.

The effect of dietary zeolites on feed mtake varies
according to researchers with an increase in feed intake
reported by Olver (1989), no effect (Roland et al., 1985)
and reduced feed intake (Miles et al, 1986). The best
attribute given to zeolite 18 its beneficial effect on feed
efficiency in both layers and broiler chickens
(Shariatmadari, 2008). There seems to be a general
agreement on this ssue (Oliver, 1997), although a few
reports suggested that zeolite had no beneficial effect
(Vest and Shutze, 1984; Min et al., 1988; Cornejo et al.,
1995; Wihandoyo et al., 2001; Moghaddam et al., 2005,
Khajali et al., 2006, Safaeikatouli et al., 2010) or even had
a negative effect on this parameter (Nakaue and Koelliker,
1981).

Live weight, cold carcass weight and some carcass
characteristics in two and mixed sexes between the groups
at 21 and 42 days of age are shown Table 7 and 8. No
significant differences (p=>0.05) were noted among all
treatments for carcass yield and percentage of drumsticle,
breast, wings, back, neck and edible giblets (Heart, gizzard
and liver) weights. The accent in broiler production is
putting on the quality and yield of the carcass parts.
There are several factors which have an influence on
these parts such as line, sex, age, health, nutrition, body
weight, carcass estimation and period of termiated
nutrition before slaughtering (Siegel, 1984; Nikolova and
Pavlovski, 2009). But nutrition in all factors also has
directly effect on concerned quality parameters. Likewise,
nutrition 15 the first anticipated factors of all breeding
condition. Carcass weight and composition of broiler
chickens receiving
(Ng’ambi ef al., 2009). There 1s an emphasis on mereasing
the meat yield, especially breast meat and decreasing the
fat content of the broiler chicken carcass (Bedford and
Summers 1985; Hickling et al., 1990, Kerr et al., 1999,
Rezael et al., 2004). Zeolite supplementation levels used
1n the broiler diets were not caused the discrepancies in
carcass traits. Means of groups showed so close values
to each other in terms of carcass weight. The result of this
study confirmed that of Ozturk et al. (1996) who obtained
no effect of dietary zeolite on carcass weight, dressing
percentage, edible giblets (Heart, gizzard and liver) and
parts yield. Similarly, Khajali et al. (2006) investigated the
effect of natural zeolite (0, 1.5, 3 and 4.5%) on carcass,
breast and thigh yields of both male and female broiler

are considerable  attention
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chickens and concluded that the dietary intake of this
substance have any insignificant role on the dependent
variables under study. Wihandoyo ef @l (2001) and
Moghaddam et al. (2005) also examimning the effect of
dietary zeolite (1, 3 and 5%) showed that adding this
substance to diet have no large influence on carcass
weight of broilers. On the other hand, Zamuddimn (1995)
observed that different levels of zeolite (0, 2.3, 5 and 7.5%)
in quail ration resulted non significant effect on carcass
percentage. Min et al. (1988) and Cornejo et al. (1995)
defined a similar influence of added zeolite (2, 4 and 6%)
on carcass weight and yield of broilers among treatments
(p=0.05). Fisinin et al. (1985) found that clinoptilolite
supplementation at the level of 5% raising meat yield. In
another study it 1s claimed that the addition of zeolite had
no major differences in internal organs (Heart and liver)
between trial groups and control (Safaeikatouli et al.,
2010). Prvulovic et al. (2008) reported that the weight of
the other measured organs was not affected by the dietary
treatment.

Viability results were reflected in agreement with
the studies of some researches (Willis ef al., 1982
Fisinin et al., 1985; Cornejo et al., 1995, Alcicek et al.,
1998, Cabuk et al., 2004) who showed that mortality was
with <5% during experiments. However, Karelina reported
that supplementation different levels of natural zeolite
increased the viability of broilers. The results in term of
the values of viability remamed within acceptable limits,
it could be thought that Ca-zeolite used in the test
maintaiming it in an available form did not cause any toxic
effect.

CONCLUSION

It was found that Ca-zeolite supplementation n
different levels used m the diets of both sexes broiler
present similar nutrition behavior and carcass traits
between treatments at the same irial condition. As a
conclusion, the values obtained by the addition of
Ca-zeolite to broiler diets were generally in acceptable
scale. Tn addition, experiments in broilers at various
testing conditions are required to determine the effect of
various natural zeolite types with different ratios of
tetrahedral (Si/Al+Fe) and exchangeable cations
(NatK/CatMg+BatSr and Na/K), H,O content in the
pores and some physical properties such as 1on-exchange
capacity and channel dimensions.
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