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Summary

This study was conducted to determine the effects of dietary activated clinoptilolite and inactive brewer’s
yeast mixture (CBY) on the loin eye muscle (MLD) and body indexes. For this purpose, a total of 48 Kivircik
male lambs at the weaning age of 62 + 4 days and with the initial live weight of 23.80 + 3.19 kg were randomly
allocated to one control group (CON) and three treatments groups (namely CBY-I, CBY-II, and CBY-III),
each containing 12 lambs. 0, 1, 3, and S g/kg of CBY were added to the diets, respectively, as fed basis. The trial
lasted for 63 days, of which 7 days were spent for adaptation to the diets and 56 days for the data collection.
All the animals received 150 g of chopped alfalfa hay and their specifically formulated experimental diets ad
libitum. There was no significant difference between the treatments in terms of ML D depth and fat thickness
(FT) (p > 0.05). The addition of 3 and 5 g/kg CBY to the lamb diets increased the MLD depth (+1.87% in
CBY-II and +4.67% in CBY-III) and decreased the FT (-13.29% in CBY-II). Furthermore, a significant
difference was observed between the treatments in terms of index of height (IH) (p < 0.05). It was concluded
that adding 3 g/kg CBY to the lamb diets to increase the MLD depth, decrease the FT, and improve the body

indexes may have some economic benefits in the fattening period.
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One of the main goals of the lamb meat produc-
tion industry is to improve the meat quality with
a higher growth rate and with lower feed consumption.
Therefore, both meat and livestock industries have
been constantly seeking new ways to achieve this
main goal. However, consumers’ preferences play an
important role in specifying the quantity and quality
standards of lamb meat in the market and often act as
a limiting factor for these industries (20).

In last decades, the use of both natural and synthetic
silicate minerals and by-products of the fermentation
industry in animal nutrition has increased mainly due to
their positive effects on animal performance and health.
Clinoptilolite, natural hydrated aluminosilicates, and
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brewer’s yeast, a by-product of breweries, are two of
these materials that have been increasingly used in
animal nutrition. Moreover, some processes such as the
activation of clinoptilolite and inactivation of brewer’s
yeast are necessary to increase the adsorption capac-
ity of clinoptilolite and eliminate further fermentation
of brewer’s yeast after consumption (2, 5). While
activated and micronized clinoptilolites, known as
good adsorbent and toxin binders, are primarily used
for detoxfiying the heavy metals, O,, reactive oxygen
species (ROS) and aflatoxins; the inactivated brewer’s
yeast is mostly used to increase the dry matter intake
and nutrient digestibility, regulate the rumen pH, and
reduce amonia in ruminants (3, 9, 12, 16).

Previous studies on meat production industry have
primarily focused on improving the average daily gain
(ADG) and the feed conversion ratio in ruminants (6,
7, 14). The extent of the performance enhancement
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directly depends on the type of the materials used,
their purity and physicochemical properties, and the
supplementation level used in the diets. However,
there is a lack of information about the effect of these
two materials on body indexes when used as a growth
promotor. Therefore, the purpose of this study was
to examine the effects of activated clinoptilolite and
brewer’s yeast mixture (CYB) with different dietary
levels, as a growth promotor, on the body indexes of
fattening lambs. Furthermore, the musculus longis-
simus dorsi (MLD) and fat thickness (FT) of lambs
were also examined.

Material and methods

All animal care and handling procedures were reviewed
and approved by the Ethical Committee of the Sheep Breed-
ing Research Institute (Approval number: 3760010). All
efforts were made to minimize any discomfort during the
body measurements.

Animals, diets, and experimental design. This research
trial was conducted at the experimental unit of the Sheep
Breeding Research Institute, Balikesir, Turkey, from April
to June 2019. A total of forty eight Kivircik male lambs
at the weaning age of 62 + 4 days and with the initial live
weight (LW) of 23.80 £+ 3.19 kg (mean = SD) were used in
this study. In all, the experiment lasted for 63 days, of which

Tab. 1. Ingredients and chemical compositions of diets
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7 days were spent for adaptation to the diets and 56 days for
the data collection. The lambs were randomly divided into
4 experimental groups and adapted to the concentrate for
1 week before the study to reduce the incidence of rumen
acidosis. During the adaptation period, all animals were
treated with ivermectin against internal and external para-
sites. They were kept in individual pens (1.2 m x 1.5 m)
equipped with zeolite-bedded concrete-floor and provided
free access to water and mineral licking blocks.

The lambs were randomly allocated to one of the four
groups (n = 12 per dietary treatment). One of these treat-
ment groups received the control diet (CON) while the
other three groups (namely CBY-I, CBY-II, and CBY-III)
received different doses of activated clinoptilolite and inac-
tive brewer’s yeast mixture (CBY; w/w, 60/40%) in their
diets (1, 3, and 5 g/kg, respectively, as fed basis). In this
study, the activated clinoptilolite and inactive brewer’s
yeast were provided from Orgamin Ltd. Co. (Bandirma,
Balikesir, Turkey) and the formulated diets were pelleted at
Atayem Ltd. Co. (Gonen, Balikesir, Turkey). All the animals
received 150 g of chopped alfalfa hay and their specifically
formulated experimental diets ad libitum, twice a day at
09:00 and 16:30 h. The chemical composition of the diets
used in this study is given in the Table 1.

Chemical analysis of feedstuffs. The dry matter (DM),
crude protein (CP), crude ash (CA), ether extract (EE), and
crude fibre (CF) compositions of the trial diets were ana-
lyzed according to AOAC methods (1).

Live weight and morphometric measure-

Treatments ments. The LW and morphometric measure-
Raw material (g/kg fed basis) CON CBY-I CBY-II CBY-lI ments of lambs were recorded on the same day
: after adaptation and at the end of the trial. The
Bonkalite flour 245 244 242 240 LWs of tI;le lambs were individually measured
Sunflower meal 155 155 155 155 using an ovine weight scale after at least 12 h
Maize grain 150 150 150 150 of fastening period. The morphometric measure-
Corn extract meal 130 130 130 130 ments were taken from the animals in a standing
Wheat, cracked 100 100 100 100 position with a raised head by the same techni-
cian in order to avoid inter-individual variations.
DEGS, 20 2 2 2 In this study, the following morphometric
Rice bran 50 50 50 50 traits were measured according to Yilmaz et al.
Rice 40 40 40 40 (21): Body length (BL), withers height (WH),
Molasses 40 40 40 40 rump height (RH), rump width (RW), chest depth
. CD), chest width (CW), chest circumference
Limestone 30 30 30 30 ECC?, and cannon—lgone )circumference (CBC).
Salt 5 5 5 A flexible calibrated tape was used to measure
Ammonium chloride 4 4 4 4 the circumference whereas the callipers were
Vitamin-mineral premix? 1 1 1 1 used for measuring the depth, length and width.
CYB® _ 1 3 5 Body measurement indexes. Both the ethno-
i . . logical and functional indexes which contribute
Chemical composition (g/kg DM basis) to the breed characteristics, type, purpose, and
DM (g/kg fresh basis) 890.7 883.6 890.7 883.1 performance were calculated as follows (4, 11,
cP 168.2 166.5 168.1 166.2 13,17, 19).
CA 81.3 6.7 78.3 80.6 Ethnological indexes: index of body frame
(IBF)=BL/WH x100; index of chest (IC)=CW/
EE %8 | %1 1 36 | 85 1 op < 100; index of height (IH) = WH/RH x 100.
CF 106.0 105.7 104.8 103.8 Functional indexes: index of chest depth

Explanations: 'distiller’s dried grains with solubles; *premix (/kg): vitamin A —
5000 IU, vitamin D — 1000 IU, vitamin E — 20 IU, Zn — 150 mg, Mn — 80 mg,
Mg -200 mg, Co— 5 mg, I — 1 mg; *activated clinoptilolite and brewer’s yeast

mixture (w/w; 60/40%)

(ICD)=CD/WH x 100; index of thorax develop-
ment (ITD)=CC/WH x 100; dactyl thorax index
(DTI)= CBC/CC % 100; index of anamorphosis
(IA) = (CC)*/WH, index of relative cannon bone
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(IRCB) = CBC/WH x* 100; index of body weight IBW) =
BW/WH x 100.

Ultrasound measurements. The loin eye muscle (MLD)
and the FT between the 12" and 13" ribs of each lamb were
monitored using Mindray DP-20 ultrasound device and the
75L50EAV model of transrectal linear probe (7.5 MHz) after
the morphometric measurements at each period.

Statistical analysis. The effect of independent factors
(treatments and period) on the indexes in question was
analyzed using the GLM procedure of Minitab (15) statis-
tical package program, and the least squares means were
compared using the Tukey’s multiple comparison tests.
The model used for the least squares (LS) analysis was as
follows:

Y, =u+ T,+P.+(TXP)..+e.A

where: Y, , represents the value measured at the period j for
the treatment i, T, represents the fixed effect of CBY treat-
ments (i: CON, CBY- I, CBY-II, and CBY-III), P. represents
the fixed periods (j: initial and final), (7" x P) represents the
fixed effect of interaction between the treatment and period,
and e,, represents the random error.

Results and discussion

In recent years, like in other developing countries
there has been a growing demand among consumers
for leaner meats, especially in the western part of
Turkey, due to high population and socio-economic
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Fig. 1. A sample image from ultrasound measurement
Explanations: 1 — MLD depth; 2 — FT + skin; 3 — skin

Tab. 2. Effect of CBY on MLD and FT of Kivircik lambs
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factors. The competition between producers, mostly
out of lambing season, results in higher fat ratio on eye
muscle and causes economic losses. Therefore, it has
been well understood that the natural feed additives
are important in increasing MLD and reducing FT.
The effect of CBY on MLD and FT in Kivircik lambs
and a sample image from the ultrasound measurement
were given in the Table 2 and Figure 1, respectively.
The results showed that there was no significant dif-
ference between the treatments in terms of MLD and
FT (p > 0.05). On the other hand, the effect of the pe-
riod on MLD (p < 0.001) and the effect of interaction
between the treatments and periods on FT (p < 0.01)
were found to be significant. These results obtained
from the ultrasound measurements suggested that it
was possible to yield the carcasses with higher MLD
(+1.87% in CBY-Il and + 4.67% in CBY-III) and lower
FT (-13.29% in CBY-II).

The basic statistics for LW, ultrasound and body
measurements used in calculating body indexes are
given in the Table 3. The overall coefficients of varia-
tion of body measurements were 6.90% and 6.86%
at the initial and final stage of fattening, respectively
(except LW which was over 10% in both stages),
which meant there was a homogeneity in this breed. In
contrast to the body measurements, there was a greater
variance between the animals in terms of FT (30.20-
-31.29) and MLD (10.46-11.22)
compared to other variables.

There was no significant (p > 0.05)
interaction between the treatments
and periods in both ethnological and
functional indices (Tab. 4); thus, only
the main effects were presented. It
was understood from Table 4 that
there were no significant (p > 0.05)
differences between the treatments in
all investigated indexes, except IH.
This may be explained by the dif-
ferences in terms of muscularity and
adiposity in the treatments groups.
The ultrasound measurements were
found to be in accordance with these
results.

IBF, one of the three somatic in-
dexes along with IC and IH, gives an

idea about the breed

16-04-2079 13:35:35
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body frame. In this

Treatments Periods Effects
Variable SEM SEM study, the lambs
CON | CBY-I | CBY-l | CBY-III I F T P TxP in all treatments
MLD, cm 214 2.14 2.18 2.24 0.05 | 2.06° | 2.29° | 0.03 | 0.399 | 0.000 | 0.166 had a rectangular
FT, mm 259 | 272 | 281 | 240 | 046 | 258 | 268 | 041 | 0279 | oseo | oot | P0dy frame, ex-
| 2.80 2.28 3.01 2.24 cept CON (> 103).
' : : ’ The least IBF value
F 238 | 316 | 2.61 2.55 was observed in
Explanations: a, b — values within a row with different superscripts differ significantly at p < 0.05; MLD CONas 102.01 with
— musculus longissimus dorsi; FT — fat thickness; SEM — standard error of mean; I — initial; F — final; T— aSquare body frame

treatment; P — period; T x P — interaction between treatment and period

(> 97 and < 103).
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Tab. 3. Basic statistics on LW, ultrasound and body measurements involved on Cornigliese sheep breed, Sabbioni et

in the study
Variable Period Mean + SEM Variance cv Min Max
| 23.80 £ 0.46 10.19 13.42 17.38 29.78
tW. ko F 36.71 £ 0.69 22.88 13.03 23.70 44.75
MLD, em I 2.06 +0.03 0.05 11.22 1.56 2.65
F 2.29+0.03 0.06 10.46 1.91 2.91
FT. mm | 2.58 +0.12 0.07 31.29 1.10 6.30
F 2.67 £0.12 0.07 30.20 1.40 4.50
| 59.25+0.39 7.43 4.60 53 64
Bt F 66.11 = 0.37 6.70 3.91 56 69.5
| 57.59 + 0.43 9.21 5.27 52 63.5
W F 63.79 £ 0.35 5.88 3.80 60 69.5
| 57.91 £ 0.40 1.77 4.81 52.5 63
RH F 65.02 + 0.39 7.51 4.21 60.5 .5
| 11.40+£0.15 1.07 9.09 9.5 15
RW F 12.88 £ 0.17 1.47 9.41 1 17
| 19.58 + 0.21 2.07 7.34 16.5 22
@ F 22.57 £ 0.25 3.09 7.79 19 26
| 13.15+0.16 1.22 8.1 10.5 15
oW F 16.33 £ 0.21 2.12 8.91 12.5 19.5
| 64.45 + 0.49 11.52 5.27 57 73
e F 75.85 + 0.62 18.48 5.67 65 83.5
| 7.29+0.04 0.08 3.91 6.7 7.9
ceP F 7.69 £ 0.06 0.15 5.00 7 8.5

Explanations: LW — live weight; MLD — musculus longissimus dorsi; FT — fat
thickness; BL — body length; WH — withers height; RH — rump height; RW —
rump width; CD — chest depth; CW — chest width; CC — chest circumference;
CBP — cannon bone perimeter; SEM — standard error of mean; CV — coefficient

of variance; I — initial; F — final

IA, known as index of conformation, ratio between
squared CC and WH, gives useful information about
meat production capability and is mostly used in the
selection program in animal breeding. In their study

al. (18) found that the age-class, year of
birth and flock (p < 0.001) and lambing
type (p < 0.05) significantly affected the
IA whereas the sex did not (p > 0.05).
The same researchers found the index of
compactness in Cornigliese sheep breed
as 84.24 in the males at the age of 0-6
months. Another study clearly showed
that the breed type significantly affected
IA (13). Considering the differences in
terms of the fattening parameters versus
characterization of breeds, the results of
our study were in accordance with those
of the studies in the literature.

The animals with relative ITD values
above 120 have a good thorax develop-
ment (13). In the present study, CBY-II
yielded the highest ITD value which
was 1.85% higher than that of CON. In
their study on six different sheep breeds
(two Slovenian and four Montenegrin),
Markovi¢ et al. (13) reported higher
values than the values obtained in our
study. However, it may be possible to
increase these values by extending the
fattening period, which has a significant
effect on ITD.

DTI indicates thoracic development
and gives valuable information about
the current status of the animal. In our
study, all the lambs in all treatments, ex-
cept CBY-III, could be classified as light
lambs (> 10.50 and < 10.80). The high-
est DTI value was observed in CBY-III

as 10.90 and the lambs in this group could be classi-
fied as intermediary lambs. These results were higher
than those obtained by Esquivelzeta et al. (8) in their
study on the Ripollesa sheep breed and Herndndez et

Tab. 4. Effect of CBY on ethnological and functional indices of Kivircik lambs

Treatments Periods Effects
Index SEM SEM

CON CBY-I CBY-II CBY-II | F T P TxP
IBF 102.01 104.40 103.14 103.94 0.90 103.01 103.74 0.63 0.254 0.418 0.617
IC .17 67.73 71.92 69.02 1.30 67.34° 72.58° 0.92 0.092 0.000 0.588
IH 99.25 97.64 99.41 98.92 0.49 99.48° 98.13" 0.34 0.048 0.007 0.767
ICD 34.04 35.62 34.30 34.87 0.33 34.04° 35.38? 0.33 0.088 0.005 0.828
ITD 114.30 116.22 116.41 114.88 1.00 111.98° 118.922 0.71 0.372 0.000 0.820
DTI 10.68 10.78 10.61 10.90 0.10 11.33° 10.16° 0.08 0.202 0.000 0.309
IA 79.73 82.01 82.55 80.89 1.47 72.23° 90.372 1.04 0.538 0.000 0.388
IRCB 12.18 12.50 12.32 12.49 0.11 12.68° 12.06° 0.08 0.136 0.000 0.683
IBW 48.62 49.63 49.78 49.31 1.13 41.21° 57.46° 0.80 0.891 0.000 0.922

Explanations: a, b — values within a row with different superscripts differ significantly at p < 0.05; IBF — index of body frame; IC —
index of chest; IH — index of height; ICD — index of chest depth; ITD — index of thorax development; DTI — dactyl thorax index;
IA —index of anamorphosis; IRCB — index of relative cannon bone; IBW — index of body weight; I —initial; F — final; SEM — standard
error of mean; T — treatment; P — period; T x P — interaction between treatment and period
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al. (10) in their study on the Merino Socorro Island
sheep breed.

It was concluded that adding CBY to the lamb diets
could be used to increase the MLD depth without
increasing the FT in the fattening period. Moreover,
these results indicated that using CBY in fattening lamb
diet with a dose of 3 g/kg (as fed basis) had beneficial
effects on the body indexes. Nevertheless, it is highly
recommended that further studies be carried out on
CBY to examine its effect on carcass quality.
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