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Abstract

This study was performed with the participation of 26.22±1.07 kg average weight-
ed 36 singleton lambs. 6 Groups were formed; 3 with IYM (7 g/day) and 3 without 
IYM. Lambs were kept in individual divisions and given 150 g/day roughage (alfa 
alfa hay (AH), meadow hay (MH), wheat straw (WS), concentrated feed and water 
ad libitum. Treatment lasted 70 days in total; temperature and humidity were 
recorded daily. Fattening performance, carcass parameters and ruminal pH levels 
were not affected by the treatment (P>0.05). Additive increased the weight of the 
hearts which were fed with AH (P<0.05). Effects of roughage and additive inter-
actions on the acetic, propionic and volatile fatty acids was found as significant 
(P<0.01). IYM, increased the rates of acetic acid/propionic acid feeding with AH 
and MH (P<0.05). Ammonia concentration and digestibility of crude cellulose and 
hemicellulose was affected by the type of roughage (P<0.05). Digestibility of acid 
detergent fibre (P<0.01) and cellulose (P<0.001) was increased with additives. 
There is no difference among the groups in terms of water consumption (P>0.05). 
It’s concluded that, temperature and humidity is an efficient environmental fac-
tor on the fattening performance and IYM have positive effects on some cell-wall 
components digestibility and rumen parameters.

Introduction

Roughage is a stimulant factor in all processes of 
the digestion system of developing ruminant from the 
development of microflora to obtaining efficiency. How-
ever, as this stimulant is not sufficient it is emphasized 
that age and genus of the animal and usage of expedi-
ent feed additives together can create important effects. 
IYM are distinct among feed additives for their natural 
and biotechnological feature. Inactive yeast are probi-
otic metabolites as a good vitamin and mineral source 
produced mostly as high biologic value proteins after the 
fermentation of probiotic live yeast cells in an anaerobe 
culture medium with carbohydrate (Inge et al. 2009, Eze-

ma 2013, Anonymous 2014a,b). By means of improving 
the adaptation ability of farm animals to poor conditions 
and increasing their resistance against diseases and 
their genetic potentials they serve as potential alterna-
tives for antibiotics. (Abd-El Ghani 2004, Moharrery and 
Asadi 2009). In recent years it has drawn attention for 
its decreasing effects on metabolic disease risks (Vyas et 
al. 2014).

It is reported that by using IYM in ruminant rations 
more benefit can be provided than roughage especially 
of low-quality (Tripathi and Karim 2011, Zain et al. 2011). 
It is emphasized those effects result from the modifi-
cation of rumen fermentation and thus they depend 
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on the composition of ration used (Kocaoglu and Kara 
2010, Anonymous 2014a, b). Therefore, enhancement 
is achieved in the rate of animal’s utilization from feed 
(Karademir and Karademir 2003, Turkmen et al. 2011) 
and it is observed that digestibility of some nutrients are 
increased (Haddad and Goussous 2005, Ghoneem and 
Mahmoud 2014). Effects of IYM on rumen parameters 
were associated with the quality of roughage aside from 
ration composition primarily (Opsi et al. 2012, Jurkovich 
et al. 2014). Also, its effects are expected on preserv-
ing the pH level of rumen by consuming the oxygen pro-
duced by aerobic pathogen (Ghoneem and Mahmoud 
2014) and transforming ammonia nitrogen into micro-
bial protein by increasing the density of bacteria in ru-
men (Patra 2012).

On the other hand, it is emphasized that ambient 
temperature and humidity is an important environmen-
tal factor where ruminants can easily maintain their 
body temperature during growing and development pe-
riods (Niyas et al. 2015) and the effects of ration compo-
sition against variable environment factors are a ques-
tion of interest.

Through this study it is aimed to determine the ef-
fects of supplementation of inactivated yeast metabo-
lites (IYM) (Saccharomyces cerevisiae) to rations contain-
ing alfalfa hay (AH) meadow hay (MH) and wheat straw 
(WS) for Anatolian Merino Sheep in terms of fattening 
performance, digestibility of nutrients, some rumen pa-
rameters and carcass yield. 

Materials and Methods

This study was carried out with the decision of the 
local ethics committee of animal experiments in ankara 
university with the code 2014-22-151.

Trial Plan and Feeds 

Animal materials; comprised of 26.22±1.07 kg aver-
age live weight and weaned at age of 2,5 months 36 sin-
gleton male Anatolia Merino lambs. In the study which 
was performed between September and November (out 
of weaning season) lambs were weighed at the begin-
ning of trial and grouped according to their live weights 
homogeneously and randomly. For each roughage used 
in rations 6 trial groups were formed; 3 with IYM and 
3 without IYM. During the study performed on factorial 
experiment design basis (3 roughages x 2 levels) lambs 
were fed in individual partitions for 70 days; 10 days be-
ing the adaptation period to the feed and the following 
60 days for main fattening period. Lambs were given 150 
gr 3-5 cm size chopped roughage (by considering the 
feeding of dry matter equal to roughage) (NRC 2007) 
and IYM was added to the roughage for 7 g/day of the 
groups taking additive feed (Anonymous 2015). After 

the mixture of yeast metabolite and roughage was con-
sumed by the animals, concentrate feed and clean water 
were provided ad-libitum. Lamb fattening feed (LFF) was 
supplied from a feed factory. Inactive Yeast Culture was 
used as inactivated yeast metabolite (IYM) (Anonymous 
2015). 

A.O.A.C. 1984 was used as the method of deter-
mining the values of dry matter (DM) crude protein 
(CP), crude cellulose (CC), ether extract (EE) and crude 
ash (CA); Van Soest, 1994 procedure was followed for 
determining the amounts neutral detergent fibre (NDF), 
acid detergent fibre (ADF) and acid detergent lignin 
(ADL); and for IYM Anonymous 2015 values were used. 
Metabolic energy (ME) (Anonymous 2016), organic 
matter (OM=DM-CA), non-nitrogen extract (NNE=DM-
(CP+CA+EE+CC)), hemicellulose (HCL=NDF-ADF), cel-
lulose (CL=ADF-ADL) and lignin (L= ADL-insoluble ash) 
values were derived from the analysis results on feed 
materials through calculation (Table 1).

Table 1. Chemical composition of feed and inactivated yeast 
metabolites used in the study

AH MH WS LFF IYM
ME,Mcal/kgDM 1.38 1.76 1.37 2.73 -
DM, % 93.25 93.35 92.90 90.44 -
OM, % 85.09 81.39 83.5 82.22 -
CP, % 11.55 9.16 4.20 17.41 15.0
CC, % 38.98 27.56 37.37 9.73 -
EE, % 0.99 1.60 1.09 2.85 3.0
CA, % 8.16 11.96 9.40 8.22 6.0
NNE, % 33.57 43.07 40.84 52.23 -
NDF, % 62.73 60.70 75.02 41.43 -
ADF, % 34.00 44.52 53.69 12.61 -
ADL, % 9.76 10.04 12.36 6.38 -
HCL, % 28.74 16.17 21.33 28.82 -
CL, % 24.24 34.48 41.33 6.23 8.0

L, % 8.46 7.78 10.09 5.14 -

Temperature and Humidity

During the trial outdoor and in-barn temperatures 
(°C) and percentage of in-barn humidity (%) were mea-
sured every day at exact times (07:00, 14:00 and 21:00), 
thus the maximum and minimum temperatures were 
determined together with the in-barn humidity values. 
In consideration of those values and differences of max-
imum-minimum temperatures and humidity; daily aver-
age temperature and humidity values were calculated. 
Daily average temperatures were calculated based on 
the formula of Dağsöz and Bayraktar 1999 and humidity 
values were derived from the average of three measure-
ments.
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Daily average temperature (°C) = (t7 + t14 + 2 x t21) 
/4 t (hour): temperature measured at 7, 14 and 21

Parameters of Fattening Performance 

Live weight (LW) values were measured on individ-
ual basis at the beginning of the feeding period and were 
continued to be recorded every two weeks until the end 
of the trial. Animals were weighted before feeding in the 
mornings at the same time (08:00). 12 hours before the 
weighing lambs were left hungry. Live weight gain (LWG) 
were measured daily and separately in all trial periods 
during the study. Individual feed consumption of lambs 
was calculated daily by taking the difference between 
the weight of morning feed and the amount left after 
feeding. Daily live weight gain was calculated by using 
these recorded data. Based on the data collected from 
this procedure, feed convertion ratio (FCR) was calcu-
lated. 

Digestibility Parameters and Water Consumption 

Manure collecting method was used for the deter-
mination of in vivo digestibility for DM, OM, CP, CC, EE, 
CA, NNE, NDF, ADF, HCL and CL rations (Akyildiz 1984). 
For this purpose, during the last 10 days of fattening ev-
ery morning before feeding lamb’s stool collected from 
the zippered manure bags which were attached to them. 
10% of collected stool was weighted wet and the re-
maining part was weighted after drying in drier chamber 
at 60°C for 72 hours and then grinded as to pass a 2 mm 
sifter. Samples were taken for ten days from each lamb 
and 360 samples were obtained in total. After those 10-
day samples were combined for each lamb 36 samples 
were analysed.  All the manure samples ready for analy-
sis were studied with (A.O.A.C. 1984) method for DM, CP, 
CC, EE and CA analysis and (Van Soest 1994) for NDF, ADF 
and ADL analysis. Based on the results of these analysis 
OM (OM=DM-CA), NNE (NNE=DM-(CP+CA+EE+CC)), HCL 
(HCL=NDF-ADF) and CL (CL=ADF-ADL) values in manure 
were calculated. Finally based on the results of analysis 
such as consumed feed ration and nutrient analysis in 
manure, in vivo nutrients digestibility (%) of rations were 
found. Also, during last 6 day of the collecting manure 
period individual daily water consumptions of lambs 
were determined. 

Rumen Parameters

Following the process of collecting the residual feed 
and manure at the last day of fattening, last live weight-
ing was measured and rumen liquid was extracted by ru-
men catheter from all lambs. During this period mangers 
were left empty and animals were allowed to drink wa-
ter. Measurements of pH in rumen liquid was performed 
by automatic pH meter (ADWA AD12) and rumen liquid 
was collected in 3 different sample bottles which were 

taken from each animal. Those sample bottles were kept 
in dry ice cabinet at -20°C until analyses. 

Gas chromatography was used for the determina-
tion of volatile fatty acids (acetic acid, propionic acid, 
butyric acid, iso butyric acid, valeric acid, isovaleric acid) 
(Playne 1985, Zdunczyk et al. 2013). Samples were first 
melt at 4°C and then centrifuged at 4000 rpm for 15 min-
utes. After that, 1 ml of supernatant was taken into 1.5 
ml volume capped tube and then 0.2 ml %25 metaphos-
phoric acid solution was added. Tubes were kept on ice 
for 30 minutes in order to provide protein precipitation 
and then centrifuged at 11000 rpm at +4°C again. Car-
rier gas was Helium (He) and column temperature was 
programmed to increase from 120°C up to 160°C gradu-
ally during the analysis. Before the analysis, standards 
were prepared with Volatile Free Acid Mix. 46975-U (10 
mmol / L) and 1 microlitre rumen liquid taken by means 
of 10 microlitre injector were injected into gas chroma-
tography device (Shimadzu GC-2010). Temperature of 
injection block was set to 230°C, FID (Flame ionization 
detector) temperature of detector was set to 250°C, dry 
air and hydrogen gas pressure was set to 0.5 kg/cm3 and 
analysis was performed by using capillary column.

For ammonia (NH3) analysis, samples were thawed 
at 4°C then centrifuged at 14000 rpm at 4° for 15 min-
utes. After centrifugal process concentration of NH3-N 
was marked with indophenol blue method by using UV/
Visible spectrophotometer device (Chaney and Marbaeh 
1962). In this method ammonia and phenol sodium 
were oxidised with sodium nitroprusside and a blue co-
lour complex was created. The intensity of blue colour 
is directly proportional to the concentration of NH3-N in 
the sample.

Carcass Parameters

At the end fattening period, all lambs were slaugh-
tered and weighed for their slaughter weights (kg), after 
the extraction of internal organs they were weighed for 
hot carcass weights (kg) and then the hot carcasses were 
kept at +4°C for 24 hours in order to note the cold car-
cass weight (kg) values. Extracted organs were weighed 
and marked separately in grams. Based on values of 
slaughter and hot and cold carcass weights hot and cold 
carcass efficiency (%) values were calculated using the 
below formula (Rentfrow 2010). 

Hot carcass efficiency (%): (Hot carcass weight /
Slaughter weight)x100

Cold carcass efficiency (%): (Cold carcass weight /
Slaughter weight)x100
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Statistical Analysis

Data were analysed using Variant Analysis Tech-
nique based on factorial design random testing.  (Duz-
gunes et al. 1987). Different groups were determined by 
using Duncan Multiple Comparison Test (Duncan 1955). 
Variants analysis and Duncan Tests SPSS 15 were carried 
out by running statistical package programmes (Anony-
mous 2006).

Results

Temperature and Humidity

Outdoor and indoor temperature and humid-
ity values during different fattening periods of closed 
type sheep barn where fattening was carried out and 
throughout the fattening periods were given in Table 
2. As shown in the table from the early period of fat-
tening minimum and maximum temperatures of inside 

and accordingly outside of sheep barn were quite low in 
period transitions (P<0.001), barn interior temperature 
difference between day and night was minimum in the 
early period and reached maximum in the late period 
(P<0.05). Also, significant variations were determined at 
maximum and minimum humidity rates of sheep barn 
during the fattening periods.

Fattening Performance

At the beginning of the research, performance pa-
rameters of lambs in 2-week periods and throughout 
fattening are given in Table 3. Live weight (LW), feed 
consumption (FC), live weight gain (LWG) and feed con-
vertion ratio (FCR) were not affected by the treatment 
(P>0.05), while feedxadditive interaction was found 
meaningful in terms of LWG (P=0.001) between groups 
in the 6th week of fattening period, lambs fed with MH 
exhibited more LWG than lambs fed with WS.

Table 2. Average values of in and out ambient temperature (°C) and humidity in during and different fattening periods (%) 

PROPERTIES PERIODS
0-2 week 2-4 week 4-6 week 6-8 week 0-8 week P

Out Ambient Temperature 
Minimum 14.5Aa 12.8Aab 11.1Bb 3.7C 10.5 *  **
Maximum 23.9A 21.8A 16.5B 9.9C 18.0 *  **
Average 20.5Aa 18.5Aa 14.4Bb 7.2C 15.2 *  **
Min.-Max. Difference 9.4a 9.0ac 5.4bd 6.2cd 7.5 *  **
In Ambient Temperature 
Minimum 21.6A 17.9B 14.3C 7.0D 15.2 *  **
Maximum 24.0Aa 21.9Aa 18.1Bb 12.3C 19.1 *  **
Average 23.2Aa 20.2Bb 16.8C 10.3D 17.6 *  **
Min.-Max. Difference 2.5a 4.0 3.8 5.3b 3.9 *  **
In Ambient Humidity 
Minimum 63.7Aa 74.3bd 75.4Bb 67.2ad 70.2 *  **
Maximum 71.3A 81.7B 80.5Ba 72.3Ab 76.5 *  **
Average 67.2Aa 77.6Bb 77.0b 69.6a 72.8 *  **
Min.-Max. Difference 7.6 7.3 5.1 5.1 6.3

* Difference among the averages shown with different lower case on the same line are significant (P < 0.05).
** Difference among the averages shown with different upper case on the same line are significant (P ≤ 0.001)

Digestibility of Nutrients and Water Consumption 

Averages of nutrient digestibility of rations (DM, 
OM, CP, CC, EE, CA, NNE, NDF, ADF, HCL and CL) are giv-
en in Table 4. Accordingly, differences between rough-
age sources in terms of digestibility of ration CC were 
found significant (P<0.05), roughage containing additive 
had no effect on the digestibility of ration CC (P>0.05). 
It is observed that ration CC was digested better by 
lambs consuming ration with MH than lambs consum-
ing ration with WS (P<0.05) and highest digestion levels 
were achieved with lambs fed with WS+IYM. Additives 

increased the digestibility of ADF in all groups consum-
ing roughage (P<0.01), while ration cellulose digestibility 
increased in the group consuming feed with additive in 
WS (P<0.001). While the differences between roughage 
sources in terms of HCL digestibility of ration were found 
significant (P<0.05), additive in roughage had no effect 
on the digestibility of HCL ration (P>0.05). Lambs fed 
with ration containing AH had higher rate of HCL digest-
ibility of ration than the group consuming MH (P<0.05). 
By the last day of fattening no difference was not not-
ed in terms of water consumption among the groups 
(P>0.05) (Table 4).
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Table 3. Averages of performance parameters of Anatolian Merino lambs

Properties
TRIAL GROUPS P VALUES

AH MH WS AH+IYM MH+IYM WS+IYM feed additive Feed x 
additive

LW, kg
Beginnig 26.150 26.016 26.033 26.685 26.175 26.300 0.923 0.712 0.840
0-2 week 30.750 30.816 31.083 32.085 30.900 31.633 0.640 0.401 0.855
2-4 week 34.850 34.183 34.966 35.500 34.200 35.183 0.715 0.717 0.691
4-6 week 38.475 38.733 38.166 38.728 37.800 39.183 0.981 0.293 0.801
6-8 week 41.550 41.866 41.316 41.785 40.475 42.450 0.935 0.094 0.400
LWG, kg
0-2 week 4.600 4.950 4.800 5.371 4.925 5.334 0.613 0.161 0.951
2-4 week 4.100 3.267 3.367 3.500 4.075 3.550 0.436 0.115 0.262
4-6 week 3.625ab 3.850ab 4.550b 3.257ab 2.575a 4.000 b 0.190 0.672 0.001*
6-8 week 3.075 3.134 3.134 2.700 3.325 3.267 0.651 0.675 0.814
0-8 week 15.400 15.200 15.850 14.828 14.900 16.150 0.923 0.984 0.151
FC, kg/day
0-2 week 1030.28 994.98 1057.23 1059.66 1011.89 1077.20 0.305 0.663 0.286
2-4 week 1482.97 1426.54 1427.13 1416.63 1454.94 1493.83 0.154 0.681 0.270
4-6 week 1897.62 1828.47 1875.02 1867.15 1881.60 1981.14 0.322 0.847 0.240
6-8 week 1939.19 1785.58 1819.90 1819.54 1844.26 1956.50 0.316 0.753 0.076
0-8 week 1587.52 1546.66 1508.90 1554.48 1521.38 1627.17 0.279 0.134 0.071
LWG, g/day 275 271 283 265 266 289 0.923 0.973 0.151
FCR (0-8 week) 5.775 5.724 5.356 5.931 5.753 5.646 0.850 0.382 0.135

* Difference between the averages shown with different lower case on the same line are significant (P≤0.001).

Table 4. Average values of nutrients digestibility of rations and water consumption of lambs  

PROPERTİES TRIAL GROUPS P VALUES

AH AH+IYM MH MH+IYM WS WS+IYM feed additive Feed x 
additive

Digestibility, %
DM 75.35 74.08 73.17 73.73 74.08 74.95 0.238 0.933 0.403
OM 77.23 75.85 75.75 75.73 75.72 75.72 0.497 0.614 0.464
CP 81.01 78.12 79.03 78.58 78.51 77.67 0.286 0.060 0.338
CC 52.23ab 48.58ab 45.92b 48.83b 52.68a 53.41a 0.017* 0.998 0.222
EE 89.64 89.70 86.89 89.23 87.31 88.17 0.308 0.305 0.643
CA 56.79 52.41 47.55 54.79 53.94 51.41 0.562 0.967 0.148
NNE 81.10 79.88 80.61 80.13 80.16 80.98 0.965 0.638 0.444
NDF 64.53 61.84 58.81 61.64 61.38 64.13 0.141 0.476 0.184
ADF 40.55a 45.34b 43.03a 48.97b 42.27a 51.17b 0.263 0.002** 0.682
CL 70.87a 78.54ab 74.07ab 79.58ab 70.81a 81.56b 0.583 0.000*** 0.449
HCL 73.75b 69.87ab 68.80a 68.19a 69.53ab 69.97ab 0.013* 0.131 0.144
Water consumption, lt
5. Day 4.3755 4.167 4.134 4.188 4.250 3.817 0.719 0.395 0.670
6. Day 4.87 4.284 4.000 4.828 4.125 4.434 0.673 0.494 0.094
7. Day 4.375 4.084 4.517 4.300 3.800 3.367 0.273 0.950 0.195
8. Day 4.000 3.550 3.834 3.614 3.725 3.700 0.146 0.692 0.133
9. Day 4.450a 4.217a 3.617b 4.386a 4.475a 3.534b 0.487 0.595 0.026**
10. Day 3.375 3.300 3.034 3.286 3.200 3.250 0.326 0.444 0.371

Difference among the averages shown with different letters on the same line are significant *(P<0.05) **(P<0.01) ***(P<0.001).
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Table 5. Average values of rumen parameters obtained from trial groups (Mmol/lt)

PROPERTİES TRIAL GROUPS P VALUES

AH AH+IYM MH MH+IYM WS WS+IYM feed additive Feed x 
additive

Acetic acid 27.41a 28.73ab 33.04ac 28.10b 26.96a 33.90c 0.320 0.457 0.008**
Propionic acid 13.17ab 9.96a 15.05b 9.93a 11.51ab 15.15b 0.353 0.108 0.002**
Butyric acid 8.10 9.43 10.23 9.86 7.70 9.40 0.333 0.343 0.598
İsobutyric acid 1.11 1.22 1.19 1.18 1.15 1.23 0.954 0.385 0.699
Valeric acid 1.38 1.41 1.47 1.43 1.34 1.77 0.573 0.249 0.256
İsovaleric acid 1.23 1.33 1.33 1.27 1.25 1.39 0.961 0.499 0.672
TVFA 52.41a 52.09a 62.31b 51.78a 49.91a 62.84b 0.331 0.804 0.006**
A/P 2.11a 2.92b 2.26a 2.93b 2.37a 2.31a 0.515 0.015* 0.145
Ammonia 1.78a 3.45a 4.09b 4.11b 2.87a 2.36a 0.030* 0.455 0.242
pH 7.12 7.17 6.98 7.08 7.05 6.97 0.607 0.861 0.793

Differences among the averages shown with different letters on the same line are significant. *(P<0.05), **(P<0.01).

Rumen Parameters

Feed x additive interaction was found significant 
among the groups in terms of acetic acid and propionic 
acid (P<0.01). Additive agent decreased the rumen ace-
tic and propionic acid molar concentration in the group 
consuming MH, whereas it increased the acetic acid mo-
lar concentration in the group consuming WS (P<0.05) 
(Table 5). Effects of roughage type and additive agent on 
the concentrations of butyric acid, isobutyric acid, vale-
ric acid and isovaleric acid were found similar (P>0.05). 
Feed x additive interaction between groups was found 
significant in terms of Total Volatile Fatty Acid (TVFA) 
(P<0.01).  While the IYM did not affect the amount of ru-
men TVFA in the groups consuming AH (P>0.05) it caused 
decrease in the groups consuming MH (P<0.01) and 
caused increase in the groups consuming WS (P<0.01). 

For lambs fed with rations containing MH and WS+IYM, 
rumen TVFA molar concentration was found similar and 
significantly higher than the other groups (P<0.01). Ad-
ditive agent in AH and MH increased the rate of rumen 
acetic acid/propionic acid (A/P) (P<0.05). In the group of 
lambs feeding with MH ratio of rumen to ammonia was 
higher than the other groups (P<0.05) but no difference 
was seen among groups in terms of ruminal pH values 
(P>0.05).

Carcass Parameters and Internal Organ Weights

Carcass parameters (hot and cold carcass weights, 
their yields and slaughter weights) and weights of some 
internal organs (spleen, liver and lung) were not affected 
from roughage or roughage containing IYM (P>0.05), but 
weight of heart was increased with additive agent in AH 
(P<0.05) (Table 6).

Table 6. Averages of carcass parameters and weights of some internal organs according to the trial on groups. 

TRIAL GROUPS P VALUES

Properties AY AY+IYM MH MH+IYM WS WS+IYM feed additive Feed x 
additive

Slaughter and carcass parameters*
HCW, kg 18.35 18.80 18.53 18.91 18.40 19.37 0.902 0.267 0.888
CCW, kg 18.05 18.44 18.20 18.63 18.05 19.00 0.916 0.278 0.895
SW, kg 41.55 41.87 41.32 41.78 40.47 42.45 0.935 0.094 0.400
HCY, % 44.03 44.81 44.91 45.30 45.42 45.62 0.687 0.651 0.973
CCY, % 43.31 43.94 44.10 44.61 44.56 44.76 0.711 0.662 0.986
Internal organ weights, g
Spleen 173.50 170.50 172.84 176.71 157.50 161.34 0.261 0.844 0.923
Liver 862.50 892.67 891.00 870.43 859.25 861.17 0.853 0.904 0.800
Lung 670.00 673.00 637.34 660.86 648.50 640.00 0.757 0.846 0.904
Heart 174.25a 195.50b 184.34ab 189.14ab 182.50ab 198.84b 0.184** 0.033 0.328

*HCW: Hot Carcass Weight, CCW: Cold Carcass Weight, SW: Slaughter Weight, HCY: Hot Carcass Yield, CCY: Cold Carcass Yield
** Difference between the averages shown with different letters on the same line are significant statistically (P<0.05).
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Discussion

It is emphasized that beneficial effects of yeast, one 
of the feed additive agents as a stimulant for growing in 
the breeding industry are related with their increasing 
effect on the performance of ruminants (Abd-El Ghani 
2004, Moharrery and Asadi 2009, Ezema 2013). In addi-
tion, adding inactivated yeast metabolite to the rations 
prepared with different roughage did not make any dif-
ference in the parameters of fattening performance (LW, 
LWG, FC, FCR) of Anatolia Merinos lambs. Apart from 
these researchers (Arcos-Garcia et al. 2000, Dolezal et al. 
2005, Pina et al. 2006, Gomes et al. 2014) reporting the 
effects of yeast are related with composition of ration 
and the amount of yeast used in ration, some research-
ers (Pina et al. 2006, Gomes et al. 2014) reported that 
the effect is related with limiting the daily amount of 
roughage in the group of lambs nourished with intense 
feed. In this study the amount of daily roughage fed to 
lambs for cellulolytic activity was kept at the required 
level and constant during the trial. On the other hand, 
during the trial period (September-November) it was 
determined that variations of temperature and humidity 
during the fattening periods were significant. This indi-
cates the parameters of fattening performance could be 
affected from the environmental factors such as tem-
perature and humidity. Researchers alreadyreport (Ko-
caman et al. 2007, Yaganoglu 2011, Goncu et al. 2015, 
Niyas et al. 2015) that ambient temperature and humid-
ity are significant environmental factors during the peri-
ods of growing and development, so in cases of ambient 
temperature decreases, the energy sourced by feed con-
sumption is utilised in order to hold that temperature 
constant in connection with lambs’ energy requirement 
increase and thus affecting the performance of fatten-
ing. These reports support the results of our study. 

It is determined that CC and digestibility of HCL was 
affected by the type of roughage in ration (P<0.05), addi-
tive agent increased digestibility of ADF in all groups fed 
by roughage (P<0.01) and increased the digestibility of 
CL in the group fed with WS (P<0.001). While no relation-
ship between the consumption of roughage with low cell 
wall components and the rate of digestible nutrient was 
observed, the consumption of roughage with high cell 
wall components had significant relation with the ratio 
of digestible nutrients and it is noted that this is the re-
sult of different levels of digestible energy provided from 
cell wall components (Sehu et al. 1998). It is specified 
that with the usage of IYM additive, more benefit can 
be provided from organic indigestible carbohydrate and 
other organic/inorganic factors, improvement on the di-
gestive levels of feed would be observed (Grochowska 
et al. 2012, Rufino et al 2013). It is also specified that 
limited feeding, roughage: concentrate feed ratio and 

feed consumption, intensity of anaerobic and cellulo-
lytic bacteria are effective factors; and in connection 
the digestibility of cellulose increases (Lima et al. 2012). 
Some researchers associated the effects of IYM with the 
low-quality roughage containing high CL in ration (Elseed 
and Abusamra 2007, Tang et al. 2008, Tripathi and Karim 
2011 Turkmen et al. 2011, Zain et al. 2011). According to 
the results of this research, digestibility of other nutri-
ents were not affected by the addition of IYM (P>0.05). 
It is stated that the digestibility of organic material is not 
affected by yeast addition and this may be caused by the 
digestion of yeast cell produced metabolites by rumen 
microorganisms (Oeztuerk 2009).

No difference was determined among the trial 
groups in terms of water consumption. To date, no liter-
ature exists on the water consumption of Anatolian Me-
rinos lambs fed with IYM additives; however, it is indicat-
ed that daily water consumption of lambs vary between 
3.05 - 5.7 liters (Schoeman and Visse 1995, Parker and 
Brown 2003). Findings regarding water consumption in 
this study (3.03 - 3.38 lt/day) are in line with literature.

Inactivated yeast metabolite additives decreased 
the rates of rumen acetic acid, propionic acid and TVFA 
in MH while increasing the rates of acetic acid and TVFA 
in WS (P<0.01). It is stated that organic carbohydrates of 
acetic acid may be changed depending on the fermenta-
tion of cellulolytic bacteria (Opsi et al. 2012) and rate of 
propionic acid decrease significantly with cereal feeding 
(Lila et al. 2004, Hill et al. 2009). It is noted that con-
centration of total volatile fatty acid increased according 
to the density of bacteria in rumen and the realisation 
of anaerobic rumen ambiance (Arcos-Garcia et al. 2000, 
Alshaikh et al. 2002, Dolezal et al. 2005, Kowalik et al. 
2015); however it is emphasised that it may decrease 
depending on the type or quality of yeast used (Angeles 
et al. 1998, Thrune et al. 2009, Tripathi and Karim 2011). 
It is stated that yeasts contribute to the maintenance of 
rumen pH due to similar reasons (Ghoneem and Mah-
moud 2014). In this study rumen pH was also main-
tained. The concentration of ammonia were influenced 
by the type of roughage and that ruminal concentration 
of ammonia increased in lambs fed with MH (P<0.05) in 
our study. This result was associated with the fact that 
MH contains more soluble protein than other roughage 
types. This is because it is expressed as an expected case 
that IYM addition would cause an increase in bacteria 
intensity in rumen and the amount of microbial nitrogen 
transferring to small intestine and thus ammonia nitro-
gen would transform into microbial protein more effi-
ciently (Denev et al. 2007, Patra 2012). It is also indicat-
ed that the increase in ammonia and TVFA was provided 
for with the addition of IYM ration containing % 49:51 
roughage:strong feed (Jurkovich et al. 2014) and that the 
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concentration of rumen ammonia varies due to the type 
of the yeast used (Arcos-Garcia et al. 2000).Slaughter 
weight, hot and cold carcass weights and yield; weights 
of spleen, liver and lung were not affected by roughage 
and additive matter (P>0.05); however additive agent in-
creased the heart weights of lambs fed with AH (P<0.05). 
These results were found similar with the results of stud-
ies stating that carcass parameters are not affected from 
addition of yeast (Kawas et al. 2007, Rufino et al. 2013). 

Conclusion

Lamb fattening during the off-mating season, sea-
sonal temperature and humidity variations were a sig-
nificant factor on the performance; IYM additives in 
lamb rations had positive effects on some cell wall com-
ponents digestibility and rumen fermentation; each of 
the as a rich roughage AH, as a medium quality roughage 
MH or as a low quality roughage WS might be used as 
roughage material during lamb fattening based on inten-
sive feed; and that further studies where higher rations 
of roughage are used in order to manifest the effects of 
IYM more clearly. 
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