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Abstract

This study was aimed at determining the effects of dietary supplementation with 0%, 3%, 6% and 8% of clinoptilolite on live weight gain,
carcass/carcass part traits and some blood and bone parameters in quails. For this purpose, forty 17-day-old Japanese quails (Coturnix coturnix
japonica) were randomly assigned to four groups, each of 10 animals. The study groups were established as follows: BC (+0% clinoptilolite),
B3C (3% clinoptilolite), B6C (6% clinoptilolite) and B8C (8% clinoptilolite). Live weight measurements were performed until 35 days of age,
and after the measurement of the slaughter weight at 38 days of age, all animals were slaughtered. The live weight values measured in Groups
B3C and B6C were similar to those of group BC, the control group. Even if slightly different, higher mean initial live weights in the males
resulted in final live weights higher than those of the females. It was observed that the feed conversion rate had improved in the groups that
received dietary clinoptilolite. The weight of abdominal fat was determined to have decreased with increasing dietary clinoptilolite levels. The
weights of the edible visceral organs and abdominal fat were higher in the female quails, compared to the males. The osteometric values of the
femur and humerus were higher in the males, compared to the females, in Group B3C. While calcium (Ca-CAL) and magnesium (Mg) levels
were lowest in Group B8C, phosphorus (P-FOS) levels were lowest in groups BC and B3C. In result, it is suggested that dietary
supplementation with clinoptilolite, up to a level of 6%, would not show any adverse effect on the fattening performance of animals. Thus,
clinoptilolite can be used as a feed additive. Furthermore, good quality clinoptilolite supplied at low costs may also aid in preventing feed
losses due to wetting, depending on the environmental conditions.
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INTRODUCTION

Clinoptilolite is a natural zeolite. Zeolites are microporous
minerals, which have a honeycomb-like spongy structure
containing cations and water. In agriculture and animal
production, zeolites are used for their water absorption
capacity. A smaller particle size is associated with a
greater water absorption capacity; and this feature is
particularly important in soil and animal production.
Zeolites are mainly used in the pharmaceutical industry,
production of artificial fertilizers, construction industry,
and water purification systems, and are also used as feed
additives (Aksoy et al., 2018a). Initially used as a litter
material in poultry production to prevent both foot pad
lesions and breast meat damage, over time, zeolites have
found use for multiple purposes, including performance
enhancement, toxin  binding, eggshell  quality
improvement, and owing to their low cost, dietary
supplementation (Eleroglu and Yalcin, 2005; Schneider et
al., 2017; Rajendran et al., 2020; Amad, 2021). A
multitude of zeolites, comprising nearly 50 natural and 200
synthetic minerals, are available. Clinoptilolite is a highly
preferred natural zeolite mineral, owing to its high
absorption capacity, catalytic and dehydrating properties,
and cation exchange capacity. Furthermore, it is also a

good pellet-binding and anti-caking agent for use in animal
nutrition. Zeolites are reported to improve eggshell
formation and bone development. It is indicated that
zeolites improve eggshell quality by accelerating both the
absorption of plasma calcium and the mobilization of bone
calcium (Roland, 1990). They contain alkaline elements,
including sodium, potassium, calcium, and magnesium
(Celebi and Kaya, 2012). Berto et al. (2013) reported that
the dietary supplementation of laying hens with 3% zeolite
increased bone quality.

The present study was aimed at the investigation of the
potential effects of clinoptilolite powder, incorporated into
commercial broiler starter feed at different rates, on live
weight, slaughter and carcass traits, some blood
parameters, and the osteometric parameters of certain
bones in quails.

MATERIALS AND METHODS

Creation of working groups

This study was conducted pursuant to the 27/04/2021
dated and 2021/03-02 numbered approval decision of the
Local Ethics Board for Animal Experiments (HADYEK)
of Hatay Mustafa Kemal University (MKU). The study
was carried out at the premises of the Alternative Poultry
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Breeding Unit of the Application and Research Centre for
Scientific Research of MKU. Seventeen-day-old brown-
feathered Japanese quails (Coturnix coturnix japonica)
constituted the study material. Animals underwent
macroscopic examination, and quail chicks with no body
deformity were selected for use in the study. After being
weighed individually, the quail chicks were randomly
assigned to four groups, ensuring that the mean initial live
weights of the groups were similar. Each group included
10 quail chicks of both sexes. Thus, in total, 4 x 10 = 40
quails were included in the study. The study groups were
established as follows: Control-BC (Commercial chick
starter feed + 0% Clinoptilolite), Basal3Clinoptilolite-B3C
(Commercial chick starter feed + 3% Clinoptilolite),
Basal6Clinoptilolite-B6C (Commercial chick starter feed
+ 6% Clinoptilolite) and Basal8Clinoptilolite-B8C
(Commercial chick starter feed + 8% Clinoptilolite). The
feed provided to the study groups was prepared on a
weekly basis and was given ad libitum. Throughout the
study period, the feeders and waterers of the animals were
checked at least twice a day and were cleaned and/or added
feed and water as required. The study was ended, when the
quails reached 38 days of age.

The composition of the starter feed provided to the
study groups and the nutritive values of the feedstuffs are
presented in Table 1. The dry matter, crude ash, crude
protein and crude fat analyses of the feedstuffs were
performed according to the methodology of the
Association of Official Analytical Chemists (AOAC,
1990). Crude cellulose levels were determined as
described by Crampton and Maynard (1983), and
metabolic energy levels (kcal/kg) were determined as
described by Larbier and Leclercq (1994). The zeolite
mineral, which was incorporated into the feed of the study
groups and was of 0.3-0.7 mm particle size, was supplied
from a commercial company (Rota Mining Corp., Turkey).
The morphological and chemical properties of the dietary
supplement, clinoptilolite, are given in Table 2.

Table 1. The composition of the mixed feed and nutritive
values of the feedstuffs

Values % Values %
determined Determined
by the firm by Analysis

Crude Protein % 20 Crude Protein % 23.7

Crude Cellulose 3.4 | Crude Cellulose 4.1
% %

Crude Ash % 49 Crude Ash % 4.96

Crude Fat % 3.8 Crude Fat % 6.17

Methionine % 0.51 Dry Matter % 89.55

Lysine % 1.13
Calcium % 0.88 Starch % 344
Phosphorus % 0.44 Sugar % 3.3
Sodium % 0.14 Metabolic 2859.3

Energy, kcal/kg

Table 2. Components of the zeolite mineral (clinoptilolite)

Mineral Components! Rate (%)
Clinoptilolite 90.2
Cristobalite 3.88
Tridimite 4.45 4.45
Chemical Components? Rate (%)
SiO2 65.8
Al20; 10.45
CaO 242
K20 2.57
Fe203 0.78
MgO 0.96
Na20 0.11
MnO 0.08
Cr203 0.01
P20s 0.02
SiO2/Al203 5.43

A semi-quantitative whole rock analysis (stack mineralogy) was
performed with the X-ray diffraction method (Gundogdu and
Yilmaz, 1984). 2Analysed with an XRF spectrometer
(Vendemiatto and Enzweiler, 2001). The zeolite incorporated into
the diets was supplied from a commercial company (Rota Mining
Corp., Turkey) (Table 2) and analysed with XRF spectrometry,
using the X-ray diffraction method (Gundogdu and Yilmaz, 1984;
Vendemiatto and Enzweiler, 2001). The particle size of the zeolite
ranged between 0.3-0.7 mm.

The procedures applied throughout the fattening period
In this study, the quails included in the different study
groups were individually weighed at seven-day intervals
for the monitoring of live weight gain. Weight
measurements were performed using a digital balance
accurate to 0.01 g. The measurements aided in determining
the weekly and daily live weight gains, which were used
for the calculation of the feed conversion rates. The last
live weight measurement was performed at 35 days of age,
and once the slaughter weight was measured on day 38 of
age, all of the animals were slaughtered.

The feed consumption of each study group was
determined on a weekly basis. Weekly feed consumption
was calculated based on the amount of feed provided to the
groups at the beginning of the week and the feed remaining
in the feeders at the end of the week. Feed conversion rates
were calculated by dividing the feed consumption by the
mean live weight gain.

With an aim to determine the slaughter and carcass
traits, in view of the mean live weight of each study group
on day 38, all animals in each group (10 both sexes) were
sacrificed by cervical dislocation, and slaughtered. The
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slaughter and carcass traits investigated in this study were

live weight at slaughter, hot carcass weight with edible

offal, hot carcass weight without edible offal, breast

weight, leg weight, neck+back+wing weight, heart weight,

liver weight, gizzard weight and abdominal fat weight.

These weights were measured on a digital balance accurate

t0 0.01 g.
The percentages of the slaughter and carcass traits

were determined as follows:

e Hot carcass yield with edible offal (%) = (Hot carcass
weight with edible offal / Slaughter weight) x 100

e Hot carcass yield without edible offal (%) = (Hot
carcass weight without edible offal / Slaughter weight)
x 100

e Leg percentage (%) = (Leg weight / Hot carcass weight
with edible offal) x 100

e Breast percentage (%) = (Breast weight / Hot carcass
weight with edible offal) x 100

e Wing percentage (%) = (Wing weight / Hot carcass
weight with edibe offal) x 100

e Neck+back+wing percentage (%) =
(Neck+back+wing weight / Hot carcass weight with
edible offal) x 100

e Liver percentage (%) = (Liver weight / Hot carcass
weight with edible offal) x 100

e Heart percentage (%) = (Heart weight / Hot carcass
weight with edible offal) x 100

e Gizzard percentage (%) = (Gizzard weight / Hot
carcass weight with edible offal) x 100

e Abdominal fat percentage (%) = (Abdominal fat
weight / Hot carcass weight with edible offal) x 100

Blood samples were collected by decapitation at
slaughter for biochemical analyses. The blood samples
taken were centrifuged at 3000 rpm and + 4 °C for 5 min
for the separation of sera, and the serum samples were
stored at -24 °C until being analyzed. Anatomical
examinations were performed on the humerus and the
femur after each carcass was weighed. The soft tissue
remaining on the bones was removed with the aid of a
forceps and scalpel. The humerus and femur were
measured for the width of their proximal and distal ends
and mid-corpus, as well as for their length (Figure 1).
Measurements were performed with a digital caliper, and
were checked and confirmed using the ImageJ software
(Version 1.53e).

Figure 1. Measurement points of the humerus and femur
in the Japanese quails. hl; length of humerus, hpw; width
of the proximal end of the humerus, hdw; width of the
distal end of the humerus, fl; length of the femur, fpw;
width of the proximal end of the femur, fdw; width of the
distal end of the femur, cw; width of the corpus.

Statistical analysis

Data analysis for the live weight values, slaughter and
carcass traits, and blood and bone tissue values of the study
groups was performed using the IBM SPSS Statistics 22
software. Whether the study group mean values differed
for these parameters was determined using one-way
analysis of variance (ANOVA). Duncan’s multiple range
test was used for the determination of any differences
between the study groups.

RESULTS

The live weights measured for both sexes in the study
groups are shown in Table 3. It was ascertained that the
initial and weekly live weights of the study groups were
similar, and the numerical differences between the groups
were statistically insignificant (P>0.05). Throughout the
study period, the weekly live weight values of Groups BC
and B6C (females+males) were observed to be similar and
higher than the mean values of the other two study groups
(P>0.05). Until day 31 of age, the weekly live weights of
the male quails in Group B3C were observed to be higher
than those of the female quails in the other study groups,
yet the differences between the groups were statistically
insignificant (Table 3; P>0.05).

Table 3. The live weight values of the quails in the
different study groups (g).

Group Start of Day Day Day
the Study 24 31 35
- Day
17

BC 74.69 127.32 | 17355 | 193.60
B3C 75.53 124.64 | 171.22 | 191.10
B6C 73.27 121.04 | 169.28 | 192.57
B8C 72.49 119.83 | 163.62 | 184.63
OVERALL | 73.99 123.21 | 169.42 | 190.48

SEM | 1.751 2.224 2.584 3.041

P | 0.927 0.625 0.575 0.726

For Sex

BC Female | 75.51 129.51 | 181.67 | 200.37
BC Male 74.15 125.87 | 168.13 | 189.09
B3C Female | 73.71 121.66 | 168.72 | 190.47
B3C Male 79.76 131.61 | 177.05 | 192.58
B6C Female | 74.97 128.96 | 176.65 | 193.20
B6C Male 70.72 109.15 | 158.23 | 191.64
B8C Female | 71.76 124.68 | 174.72 | 194.58
B8C Male 73.21 11499 | 15252 | 174.68
OVERALL | 73.99 123.21 | 169.42 | 190.48

SEM | 1.891 2.183 2415 3.166

P ] 0.983 0.233 0.075 0.684

The feed conversion rates of the study groups are
shown in Table 4. The differences observed between the
study groups for feed conversion rates in the selected time-
periods were statistically significant (P<0.001, P<0.01).
Throughout the fattening period, the feed conversion rates
of Groups B3C, B6C and B8C were found to be better than
that of Group BC.
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Table 4. The feed conversion rates of the quails in the

different study groups (g / )
Groups Start of Study | Start of Study
—Day 14 —Day 21
BC 2.93a 3.69
B3C 2.80b 3.51b
B6C 2.66d 3.47b
B8C 2.69c 3.49b
OVERALL | 2.77 3.54
SEM | 0.004 0.017
P | <0.001 0.002

abed values within a column with different superscripts differ
significantly at P<0.01.

The differences observed between the study groups for
the slaughter and carcass traits investigated, except for the
weight of abdominal fat (P<0.01), were statistically
insignificant (P>0.05) (Table 5). While live weight at
slaughter was higher in Group B6C, the weight of
abdominal fat was higher in Groups BC and B3C (P>0.05).
Liver and gizzard weights were highest in Group B6C and
lowest in Group B8C (P>0.05). An assessment for the
percentages of the carcass parts showed that the study
groups significantly differed for the neck+back+wing
percentage, heart percentage and abdominal fat percentage
(P>0.05).

Table 5. The slaughter and carcass traits of the quails in the different study groups

Group BC B3C B6C B8C SEM P
Live weight at slaughter (g) 206.32 205.62 210.33 204.26 3.685 0.945
Carcass weight with edible offal (g) 151.19 152.34 156.85 151.67 2.966 0.901
Carcass weight without edible offal (g) 124.38 126.73 129.59 125.11 2.136 0.831
Breast weight (g) 46.76 51.63 50.98 49.40 0.925 0.266
Neck+back+wing weight (g) 47.68 44.29 44.93 44.33 1.060 0.635
Leg weight (g) 29.56 30.45 32.08 3111 0.549 0.437
Heart weight (g) 2.39 2.15 2.24 2.11 0.042 0.111
Liver weight (g) 5.95 5.91 6.29 5.79 0.306 0.946
Gizzard weight (g) 4.40 4.46 4.61 4.36 0.123 0.890
Abdominal fat weight (g) 1.71a 1.88a 1.10b 1.19b 0.086 0.005
Carcass yield with edible offal (%) 73.28 74.02 74.54 74.15 0.253 0.367
Carcass yield without edible offal (%) 60.39 61.56 61.87 61.30 0.403 0.603

b \values within a row with different superscripts differ significantly at P<0.01

The assessment of the slaughter and carcass traits of
the male and female quails included in the different study
groups (Table 6) demonstrated that values pertaining to the
female quails were higher than those of the male quails.
The differences between the study groups, particularly for
heart weight, liver weight and abdominal fat weight, were

statistically significant (P<0.05). The highest heart weight,
liver weight and abdominal fat weight were determined in
the females of Group BC, the females of Group B6C, and
both the males and females of Groups BC and B3C,
respectively.

Table 6. The slaughter and carcass traits of the male and female quails in the different study groups

Features BC BC B3C B3C B6C B6C B8C B8C | SEM P
Female | Male | Female | Male | Female | Male | Female | Male

Live  weight at | 217.70 | 198.73 | 207.69 | 200.79 | 219.95 | 195.89 | 219.52 | 189.00 | 3.524 | 0.202

slaughter(g)

Carcass weight with | 159.14 | 145.88 | 153.30 | 150.08 | 164.09 | 145.99 | 163.30 | 140.05 | 2.901 | 0.300

edible offal (g)

Carcass weight | 129.18 | 121.18 | 126.85 | 126.44 | 132.88 | 124.66 | 133.00 | 117.20 | 2.168 | 0.522

without edible offal

(@

Breast weight (g) 46.99 46.66 52.26 50.16 | 52.97 48.00 | 52.64 46.16 | 0.940 | 0.256

Neck+back+wing 51.25 45.30 43.24 46.74 | 45.90 43.47 | 47.30 41.36 | 1.083 | 0.486

weight (g)

Leg weight (g) 30.82 28.75 30.85 29.50 | 33.00 30.70 | 32.82 29.40 | 0.562 | 0.395

Heart weight (g) 2.542 2.29%¢ | 2.18bc 2.07¢ | 2.39% 2.00° 2.21%¢ | 2.01° 0.040 | 0.028

Liver weight (g) 7.12% 5.17%c | 6.49%¢ | 4.54¢ 7.512 4.46° 6.79%¢ | 4.80° | 0.267 | 0.024

Gizzard weight (g) 4.93 4.04 4.78 3.70 4.83 4.28 4.76 3.95 0.112 | 0.062

Abdominal fat weight | 1.98% 1.52% 1.992 1.63% | 1.14° 1.03° 1.36%® 1.02b 0.089 | 0.028

()]

Carcass vyield with | 73.21 73.33 73.74 74.67 | 74.55 7452 | 74.22 74.08 | 0.274 | 0.813

edible offal (%)

Carcass yield without | 59.52 60.70 60.98 62.90 | 60.62 63.74 | 60.62 61.97 | 0.402 | 0.305

edible offal (%)

abe \values within a row with different superscripts differ significantly at P<0.05.
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The osteometric measurements of the proximal and
distal ends and corpus of the humerus and femur of the
Japanese quails are summarized in Table 7 and Table 8.
The differences between the study groups were found to
be statistically insignificant (P>0.05). While the values
measured in the control group were lower than those
measured in the groups, which received dietary
clinoptilolite, this difference was statistically insignificant

(P>0.05). Assessment for sex showed that the length of the
femur was greater in the females, compared to the males,
in Groups BC and B8C, whilst greater in the males,
compared to the females, in Groups B3C and B6C
(P>0.05). On the other hand, the length of the humerus was
greater in the males, compared to the females, in only
Group B3C (P>0.05).

Table 7. Osteometric values of the femur of the quails in the different study groups

Group Proximal width of Distal width of Width of the mid- Length of the F (mm)
the femur (mm) the femur (mm) corpus (mm) femur (mm)
BC 7.81 6.61 3.00 42.95 60.36
B3C 7.41 6.62 3.00 43.62 60.64
B6C 7.43 6.45 3.01 43.87 60.76
B8C 7.46 6.59 3.06 43.53 60.64
OVERALL | 7.53 6.56 3.02 43.49 60.60
SEM | 0.061 0.050 0.024 0.219 0.300
P | 0.083 0.591 0.791 0.507 0.971
Sex
BC Female 8.18 6.83 3.05 43.76 61.82
BC Male 7.56 6.46 2.97 42.41 59.39
B3C Female 7.35 6.54 3.01 43.53 60.43
B3C Male 7.53 6.80 2.99 43.82 61.14
B6C Female 7.36 6.47 3.00 43.42 60.25
B6C Male 7.54 6.41 3.03 44.54 61.52
B8C Female 7.47 6.58 3.11 43.92 61.09
B8C Male 7.45 6.60 3.01 43.14 60.19
OVERALL | 7.53 6,56 3.02 43.49 60.60
SEM | 0.060 0.051 0.026 0.224 0.301
P ] 0.053 0.448 0.890 0.421 0.501
Table 8. Osteometric values of the humerus of the quails in the different study groups
Group Proximal width of | Distal width of the | Width of the mid- Length of the H (mm)
the humerus (mm) humerus (mm) corpus (mm) humerus (mm)
BC 9.87 6.36 2.81 39.18 58,22
B3C 10.23 6.37 291 39.53 59,05
B6C 10.32 6.42 2.93 39.54 59,20
B8C 10.39 6.61 2.90 39.52 59,41
OVERALL | 10.20 6.44 2.89 39.44 58,97
SEM | 0.092 0.058 0.036 0.209 0.299
P ] 0.221 0.399 0.654 0.912 0.523
For sex
BC Female 10.25 6.53 2.90 39.66 59.33
BC Male 9.62 6.24 2.75 38.87 57.48
B3C Female 10.22 6.29 2.90 39.59 59.00
B3C Male 10.27 6.55 2.94 39.41 59.18
B6C Female 10.57 6.31 2.92 39.58 59.39
B6C Male 9.94 6.57 2.93 39.48 58.92
B8C Female 10.60 6.77 2.89 39.91 60.18
B8C Male 10.18 6.44 291 39.13 58.65
OVERALL | 10.20 6.44 2.89 39.44 58.97
SEM | 0.091 0.058 0.039 0.223 0.309
P | 0.119 0.267 0.913 0.944 0.508

Some blood parameters of the quails in the different
study groups are shown in Table 9. The differences
between the study groups for the blood parameters
investigated were statistically insignificant (P>0.05).
However, assessment for sex demonstrated that the study
groups significantly differed for Ca and Mg levels

(P<0.05, P<0.01), such that these levels were higher in the
female quails, compared to the males. Ca levels were
lowest in the males of Group B8C and highest in the
females of Group B8C. On the other hand, the highest Mg
levels were detected in the females of Group BC and the
males of Group B6C.
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Table 9. Serum parameters of the different study groups.
Group Alkaline | or | Total 1y BV | GLOBULI Mg
Phosphatas Protei ALB/G P
A N (ALB) N (GLB) Camg/dl | mEqg/
e (ALP) mardl | 7 (TP) /dI dl LB L mg/dl
U/L g g/di 9 g
BC 3567.70 4.700 3.630 1.224 2.406 0.51 12.679 2.410 6.714
B3C 3324.80 5.800 3.360 1.288 2.072 0.81 13.146 2.340 | 6.628
B6C 3961.80 6.400 3.640 1.176 2.464 0.49 13.057 2.580 | 9.605
B8C 3864.90 5.700 3.650 1.234 2.416 0.52 11.912 2.330 | 8.326
EVERAL 3679.80 | 5650 | 3570 | 1.231 2.340 0585 | 12699 | 2415 | 7.818
SEM 200.66 0.382 0.127 0.045 0.097 0.063 0.604 0.088 | 0.592
P 0.670 0.475 0.823 0.850 0.474 0.231 0.884 0.729 | 0.246
For Sex
BC Female | 3755.75 6.000 3.900 1.368 2.533 0.558 14.813¢2 2.875% | 7.660
BC Male 3442.33 3.833 3.450 1.128 2.322 0.481 11.267% 2.100°¢ | 6.083
B3C 3101.20 6.600 3.420 1.344 2.076 1.034 14.8042 2.740% | 7.696
Female
B3C Male | 3548.40 5.000 | 3.300 1.232 2.068 0.595 11.488% 1.940°¢ | 5.660
B6C 4412.50 7.000 3.983 1.325 2.658 0.512 14.237¢ 2.8508 | 11.73
Female 0
B6C Male | 3285.75 5.500 3.125 0.953 2.173 0.463 11.288% 2.175% | 6.418
B8C 3722.25 6.750 | 3.775 1.238 2.538 0.492 15.765? 2.600% | 8.840
Female
B8C Male | 3960.00 5.000 | 3.567 1.232 2.335 0.539 9.343° 2.150° | 7.983
OVERAL | 3679.80 65650 | 3.570 1.231 2.340 0.585 12.699 2.415 7.818
L
SEM | 208.70 0.381 0.130 0.044 0.102 0.065 0.530 0.072 0.582
P | 0.794 0.357 | 0.711 0.389 0.737 0.402 0.039 0.006 0.176

abe \values within a column with different superscripts differ significantly at P<0.01; P<0.05.

DISCUSSION AND CONCLUSION
In the present study, it was ascertained that the alterations
in the weekly and daily live weights of the different study
groups (Table 3) were similar. Furthermore, it was
observed that increased levels of dietary zeolite were
associated with lower live weight values. Thus, it is
important that dietary supplementation with zeolite does
not exceed a level of 6% to ensure normal live weight gain
in quails. In a study by Banaszak et al. (2020) on dietary
supplementation with an aluminosilicate clay mineral,
halloysite, and zeolite, the highest live weights on days 14,
28 and 42 were determined in the group that received 1%
of dietary zeolite, yet the difference was statistically
insignificant (P>0.05). Yeter and Gokce (2018) divided
the 42-day fattening period of hen chicks into four periods,
which covered the intervals between days 1-14, 15-21, 22-
35 and 36-42, and incorporated zeolite into the basal feed
at levels of 0.5%, 0.75%, 1%, 1.25% (first zeolite group)
and 1%, 1.5%, 2% and 2.5% (second zeolite group) to
investigate whether increased levels of dietary zeolite
improved live weight gain in broiler chickens, and
eventually found no such positive effect of zeolite on live
weight (P>0.05). In a study by Tufan et al. (2014), in
which quail basal feed was added 2%, 4% and 6% of
clinoptilolite, no positive effect was observed on live
weight alterations, such that the groups that received 4%
and 6% of dietary clinoptilolite displayed live weights
lower than that of the control group. In this respect, the
results of the present study are in agreement with those
reported in previous research on zeolites.

It is known that female quails have a greater body
weight than male quails. In the present study, female quails
reached a final live weight greater than that of male quails,

but this numerical difference was statistically insignificant
(Table 3). Furthermore, in Group B3C, in which the male
quails had initial live weights greater than those of the
female quails, the males displayed higher live weights
throughout the study until slaughter, which were close to
those of the female controls. In a study in quails, Alasahan
and Copur (2016) reported that the females weighed
heavier than the males, and that the live weight difference
between the two sexes gained significance as of 3 weeks
of age.

In the present study, the feed conversion rates of the
groups that received dietary clinoptilolite were better than
those of the control quails in Group BC, which were fed
on the basal ration alone (Table 4). Owing to its water
absorption capacity, clinoptilolite reduces the humidity of
feed and prevents it from sticking to the surface of the
feeders and the feet and beak of animals. In return, both
feed consumption and the feed conversion rate are
reduced, which is for better. Ayed et al. (2008) reported
that the incorporation of 0.5%, 1% and 2% of the clay
mineral sepiolite into feed positively affected the feed
conversion rate of broiler chicks, and indicated that the
best results were achieved with 2% of dietary sepiolite. On
the other hand, upon incorporating 1%, 3% and 5% of
clinoptilolite into broiler feed, Eleroglu et al. (2011)
reported to have observed no statistically significant
difference for the feed conversion rate, with the best rates
having been achieved in the controls and the group given
5% of dietary clinoptilolite. Similarly, Durak et al. (2017)
determined no statistically significant difference in the
feed conversion rates of quails, which were given 2.5%
and 5% of dietary zeolite.
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In the present study, when compared to the control
group, the most adversely affected slaughter and carcass
traits were determined in Group B8C (Table 5). Dietary
supplementation with 3% and 6% of zeolite improved the
weights of the carcass and carcass parts, but adversely
affected the weight of abdominal fat. In their study in
quails, Al-Tikriti and Al-Basha (2020) determined that
dietary supplementation with 2%, 3% and 4% of zeolite
improved the weights of the carcass and carcass parts, and
reported the best results to have been achieved with the
incorporation of 3% of zeolite into feed. In their research
on two groups of ducks, one provided with dietary zeolite
and the other not provided with dietary zeolite, Biesek et
al. (2021) ascertained that the carcass weight, heart weight
and gizzard weight were higher and the weight of
abdominal fat was lower in the group, which received
dietary zeolite.

In the present study, no statistically significant
difference was determined between the study groups for
the length and distal width of the humerus and the length
and proximal width of the femur (Tables 7 and 8). In a
study conducted by Demiraslan et al. (2014), in which 100
female quails were provided with 2%, 4% and 6% of
dietary clinoptilolite, statistically significant differences
were detected between the study groups for the length and
distal width of the humerus and the length and proximal
width of the femur. The results of the present study
differing from those reported by these researchers
(Demiraslan et al. 2014) was attributed to the difference in
the numbers of animals included in these two studies.
Nevertheless, both studies demonstrated that the
proportional increase of dietary zeolite levels did not result
in linear alterations in the osteometric values.

In the present study, the numerical alterations that
occurred in the blood serum parameters with dietary
zeolite supplementation did not reflect any statistically
significant positive effect. However, the comparison of the
male and female quails showed that, in particular the Ca
and Mg levels were higher in the females, compared to the
males (Table 9). While it has been suggested that zeolite
reacts with phosphorus, and thereby reduces both the
absorption and utilization of phosphorus (Aksoy et al.,
2018b), no such effect was observed for zeolite in the
present study. This could be related to the short time period
and small sample size of the present study. The mean
blood serum Ca level (12.699 mg/dl) determined in the
present study is similar to the levels reported in previous
research (Kabir, 2013; Jeevalakshmi et al., 2017; Saki et
al., 2017), and falls within the reference range reported by
Jeevalakshmi et al. (2017). While the blood calcium levels
of the female quails were observed to be above the general
average, they were still close to the levels of the control
group. In view of the molecular structure of zeolite
containing Ca, Mg and P, it was observed that dietary
supplementation with 8% of zeolite led to a decrease in
male and an increase in female blood Ca levels, whilst no
significant alteration in male and a decrease in female Mg
levels. It is indicated that increased levels of Mg in the
ration increase the excretion of endogeneous Mg (Ozek,
2016). Thus, the decrease observed, in the present study,
in the Mg levels of the females was considered to may have
occurred in relation to the Mg content of zeolite. Studies
are available, which have shown the impact of zeolite on
intestinal villi (Wu et al., 2013; Tufan et al., 2014). In view
of this literature information, the differences observed
between male and female quails for intestinal absorption,
the elimination of minerals from the body via the kidneys,

and zeolite being capable of forming chelates with
minerals were also considered to be involved in sex-related
differences. However, a general assessment pointed out to
dietary supplementation with 3%, 6% and 8% of zeolite
not affecting the metabolism of the minerals Ca, Mg and
P. A limitation of the present study was the composition of
bone tissue not having been tested for these minerals (Ca,
Mg and P).

Live weight gain in the study groups that received 3%
and 6% of dietary clinoptilolite having been determined to
be similar to that of the controls fed on the basal ration
alone was considered to be significant within the context
of not only reducing feed losses associated with high feed
humidity levels, but also reducing feed costs. Furthermore,
in the groups that were given 3% and 6% of clinoptilolite,
the male quails were observed to display growth traits
similar to those of the females. Dietary clinoptilolite was
also observed to improve the feed conversion rate.
Therefore, in quails, which are known to frequently attend
feeders throughout the fattening period, both maintaining
feed quality and minimizing feed losses are highly
important. Dietary supplementation with 3-6% of
clinoptilolite was concluded to be favourable for
improving growth and slaughter traits, as well as for
protecting quail health and achieving cost-effectiveness.
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