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Abstract

A study was conducted, first, to compare the gastrointestinal tract (GIT), reticulo-rumens and intestinal
capacities (relative to body weight) of ram lambs from six Turkish sheep breeds: Turkish Merino (TM,
Anatolia Merino), Akkaraman (AK), Kivircik (KV), Awassi (AW), Karayaka (KY) and Morkaraman (MK), and
second, to examine the influence of sheep breed on the pH of the digesta in the various segments (rumen,
jejunum and caecum) of the GIT. Six ram lambs from each breed were slaughtered at 40.2 + 0.80 kg
liveweight. Lambs from the AK breed had a heavier GIT weight than the AW, KY or MK breeds. The weight
of the full stomach was higher in AK lambs compared with the other lambs, except for KV lambs, while the
relative weight of the empty stomachs was heavier in MK ram lambs than in TM, AW and KY lambs. The AK
lambs had the highest relative empty intestinal weight. The relative weight of empty intestines was heavier in
KV lambs than in KY lambs. The pH of the rumen content was higher in TM and AK lambs compared with KY
and MK lambs, while the pH of the caecum content of KV lambs was higher than those of KY and MK lambs.
In conclusion, significant differences were found among the six breeds in terms of some variables that were
studied, although a higher proportional GIT weight in the fat-tail breeds such as the MK, AK and AW was not
reflected in all components or in the pH of the GIT content.
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Introduction

As in the rest of the world, all breeds of sheep in Turkey are important, but at any one time, some
breeds are more important than others, because they best meet the current demands of the sheep industry
and the consumers of sheep products. Furthermore, genetic resources of native sheep are a large source of
income and are of great cultural value in many countries (Carneiro et al., 2010). Turkish Merino (TM,
Anatolia Merino), Akkaraman (AK), Kivircik (KV), Awassi (AW), Karayaka (KY) and Morkaraman (MK) are
common sheep breeds in Turkey (TurkStat, 2012). The main product of the AK, MK, KY and KV breeds is
mutton, whereas AW is a multi-purpose sheep breed. Turkish or Anatolia Merino (TM) is a mutton-wool-type
breed developed through crossbreeding the German Mutton Merino and the KV breeds. All these animals
are breeds that range from small to medium size and are indigenous, except for the TM. These animals
provide income, employment and food security to resource-limited farmers. The MK, AK and AW are fat-
tailed breeds. The KV is a long-tailed breed, while the KY is long-thin-tailed breed. Many studies
investigating the slaughter and carcass traits of the AK (Guler & Aktumsek, 2011), AW (Sahin et al., 2003;
Dikmen et al., 2009; Esenbuga et al., 2009; Kaya, 2011), MK (Esenbuga et al., 2001; 2009; 2011), KY (Olfaz
et al., 2005; Sen et al., 2011; Yildirnm et al., unpublished data), KV (Ekiz et al., 2009) and TM (Ekiz et al.,
2009) breeds have been conducted under experimental conditions.

The digestive or gastrointestinal system constitutes a series of tubular organs and associated glands
whose main function is to break down the ingested food materials into smaller units that can be absorbed
and utilized for the maintenance of the organism. Physiological factors that cause between-animal variation
in digestive function are evaluated as possible selection traits to achieve improved growth, fattening
performance and feed-use efficiency by sheep (Hegarty, 2004). Significant differences in digestive function
existed between and within breeds (Hegarty, 2004), which may result in the differences in gastrointestinal
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tract (GIT) characteristics between and within breeds. The variation in weight of the digestive tract contents
in lambs before slaughter causes a problem in evaluating some of the slaughter traits (e.g. dressing
percentage). Indeed, a more developed digestive tract will be larger and heavier, which will decrease the
dressing percentage of the animal (Mushi et al., 2009). The GIT of extensively produced lambs is more
developed, due to the higher intake of dry matter compared with intensively produced animals of the same
age (Priolo et al., 2002; Cafieque et al., 2003). However, the well-developed GIT of extensively reared
animals could contribute to a higher slaughter weight of these animals compared with lambs in an intensive
production system (Priolo et al., 2002).

Differences between and within sheep breeds in terms of body size, morphology and physiology are
nutritionally important in judging local sheep breeds, which is important not only for preserving genetic
diversity, but also for sustainable rural development in developing parts of the world (Carneiro et al., 2010).
Steinheim et al. (2003) indicated a general difference in morphological and possibly physiological
characteristics between short- and long-tailed sheep, and suggested that short-tailed sheep in general have
a smaller digestive system, that is, a body mass ratio, than the heavier “modern” long-tailed breeds. Based
on this finding and the suggestion that there may be a difference in morphological and possibly physiological
characteristics between fat-, long- and long-thin-tailed sheep, further investigations are required. There has
been insufficient information on some GIT characteristics such as absolute and relative (to body weight)
weights of the whole GIT, reticulo-rumen and intestine, length of intestine and on the development of the GIT
in these breeds when they were reared under the same feeding conditions (high-energy diet). The pH in the
GIT content was 6.9, 7.3, 7.0 and 7.2 for the rumen, ileum, caecum and terminal colon, respectively, and the
pH values of digesta from ruminants fed hay diets remained near neutrality in all segments of the GIT except
the abomasum (Wheeler, 1980; Chaucheyras-Durand et al, 2010). However, a search of the literature
indicated a lack of information on the pH of ingesta in the lower GIT of ram lambs fed high-energy diets.
Accordingly, the objectives of the study were twofold: first, to compare the GIT, reticulo-rumens and intestinal
capacities (relative to body weight) in ram lambs at the same weights from six common Turkish sheep
breeds; and second, to examine the influence of sheep breed on the pH values of the contents in the various
segments (rumen, jejunum and caecum) of the GIT.

Materials and Methods

The study was carried out at the experimental farm of Gaziosmanpasa University, Faculty of
Agriculture, Tokat, Turkey, situated at 40°31'N, 36°53'E and 650 m above sea level. Long-term average
annual temperature and relative humidity in this region vary from 8.1 to 14.2 °C and between 56% and 73%,
respectively (MARA, 2009). The study was conducted in accordance with EC 8 Directive 86/609/EEC, and all
animal procedures were approved by the local ethical committee of Gaziosmanpasa University for
Experimental Animals.

Six ram lambs from six indigenous sheep breeds (TM, AK, MK, AW, KY and KV) were used in the
study. Purebred 90-day-old lambs of each breed, born within the same week, with approximately the same
liveweight and body condition, were selected for the study. The lambs were vaccinated for enterotoxaemia
and pleuropneumonia. The selected animals were fattened until they attained 40 kg liveweight. Concentrate
feed, lucerne hay and water were given ad libitum during the fattening period. The experimental diet was
formulated according to the nutrient requirements for fattening (NRC, 2007). The chemical composition of
the feed supplements is presented in Table 1. Dry matter (method 930.15), crude protein (method 954.01)
and crude fibre (method 962.10) contents of dietary ingredients were determined according to AOAC (2000).

The liveweight (40 kg) of the lambs was measured before they were slaughtered, following standard
commercial slaughtering procedures (TSE, 1987), and all lambs were transported to an abattoir. Before
slaughter, the lambs were fasted for 12 hours, but had free access to water. Then they were slaughtered by
severing the throat and major blood vessels in the neck in local licensed abattoirs in their own areas of
origin.

The anatomy of the ruminant digestive system includes the mouth, tongue, salivary glands,
oesophagus, four-compartment stomach (rumen, reticulum, omasum and abomasum), pancreas, gall
bladder, small intestine (duodenum, jejunum, and ileum) and large intestine (caecum, colon and rectum).
Following exsanguination, empty reticulo-rumen and empty intestine weights were recorded (Balci & Orman,
2008). Whole GIT and various segments of the GIT were weighed before complete emptying, and recorded
as full weight. The rumen was opened, and the contents removed before the organ was washed by hand.
The external fat was then removed. The small and large intestines were separated and contents were
removed using a commercial slaughterhouse device. Fat adhering to the small and large intestines was
trimmed and segments of each intestine were squeezed physically to remove the contents. The stomach
(reticulo-rumen complex) was weighed after being squeezed dry, and the length of the intestine measured
(Steinheim et al., 2003). Empty body weight was calculated as slaughter liveweight minus gut fill. Gut fill was
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calculated as the weight of the full stomach (reticulo-rumen complex) and intestines minus the weight of the
emptied stomach complex and intestines. Intestine lengths were determined. Full and empty GIT, stomach
and intestine weights were recorded (absolute weight) and expressed (relative weight) per unit of liveweight
at slaughter.

Table 1 Ingredients of the concentrate feed and chemical composition of the concentrate feed and lucerne
hay

Chemical composition

Drygr/rlm(ztter Crude protein  Crude fibre ME 'I;Lag;
Ingredients ag’kg g/’kg MJ/kg
Concentrate feed 884 136 88 11.1 800’
Barley 885 100 69 11.7 420°
Maize 860 75 21 11.6 1812
Wheat bran 878 143 140 11.1 60°
Sunflower seed meal 930 270 243 11.9 1552
DDGS 891 290 80 11.9 88°
Molasses 740 75 - 9.0 50°
Marble powder (Ca, 37%) 15?
Toxin binder 10?
Vitamin-mineral mix* 12
Lucerne hay 900 153 287 8.1 200"

ME: metabolisable energy; DDGS: dried distillers grain with solubles.

' In total diet/kg; Z Total in concentrate/kg.

* Each kg vitamin and mineral mixture provided 20 000 000 IU vitamin A; 3 000 000 vitamin D3; 20 g vitamin E;

4 g vitamin By; 8 g vitamin Bp; 12 g vitamin Bs; 5 g vitamin Bg; 20 mg vitamin B12; 200 g choline; 50 g Mn; 50 g Fe;
50 g Zn; 10 g Cu; 800 mg I; 150 mg Co; 150 mg Se.

Before evisceration, the pH of the rumen, jejunum and caecum contents was determined immediately,
using a digital pH meter (Sartorious PP15, AG Weender Landstrasse 94-108, Goettingen, Germany). The
pH values were determined in six locations of the rumen, jejunum and caecum, because rumen and intestine
digesta pH values are dependent on sampling location. The pH probe was kept in the rumen, duodenum and
caecum until the pH reading was stabilized, and the pH value was recorded.

Data were analysed by one-way ANOVA to compare the six breeds. Thus the statistical model
included the lone main effect of breed. Significant differences among means were detected using Duncan's
multiple range test. Statistical analysis was performed using SPSS (version 17) statistical software (SPSS,
2008). Recorded absolute and relative weights and lengths, and all pH values studied are presented as
means and a pooled standard error of mean (SEM). The level of statistical significance was set at P <0.05.

Results and Discussion

Significant differences were recorded between the six breeds in terms of absolute and relative weights
of GIT, full and empty stomach, and full and empty GIT, length of intestine and intestinal weight to intestinal
length ratio (Table 2). Ram lambs from the AK breed had heavier absolute and relative weights of the GIT
than the AW, KY and MK breeds (P <0.001). The absolute weight of the full stomach was higher (P <0.001)
in AK ram lambs compared with other lambs. Similarly, the relative weight of the full stomach was higher (P
<0.001) in AK ram lambs compared with other lambs except for the KV lambs. The absolute weight of the
empty stomach was heavier (P <0.001) in MK ram lambs than in TM and KY ones whereas the relative
weight of the empty stomach was heavier (P <0.001) in MK ram lambs than in TM, AW and KY lambs.
Lambs from the KY breed had a lower absolute weight (P = 0.053) and relative weight (P = 0.032) of the full
intestine compared to those from the MK breed. Lambs from the MK breed had the highest absolute weight
of the empty intestine; those from TM and KY breeds had the lowest absolute weight of the empty intestine
compared with lambs from AK, KV and AW breeds, which had a moderate value (P <0.001). The AK ram
lambs had the highest relative weight of the empty intestine compared with the other lambs (P <0.001). The
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relative weight of the empty intestine was heavier (P <0.001) in KV lambs than in KY lambs, whereas lambs
from KV and MK had the longest intestine length compared with other lambs, and lambs from the AK and
AW breeds had a shorter intestinal length compared with those from the KY breed (P = 0.058).

Table 2 Gastrointestinal tract characteristics of ram lambs from six Turkish sheep breeds’

™ AK KV AW KY MK SEM P
Absolute weight (kg) of
Live 40.0 40.6 40.1 40.6 40.4 39.9 0.13 0.501
Gastrointestinal tract 7.4%® 9.0 7.5%® 6.7° 6.4° 6.8° 021  <0.001
Full stomach 4.5° 6.1 4.8° 4.1° 4.1° 4.0° 0.18 0.001
Empty stomach 1.0° 1.2%® 1.2% 1.1% 1.0° 1.3% 0.03 0.001
Full intestine 2.8° 2.9° 2.7% 2.6% 2.3° 2.8 0.06 0.053
Empty intestine 1.0° 1.2° 1.3° 1.2° 1.0° 1.6% 0.04  <0.001
Relative weight (%) of
Gastrointestinal tract ~ 18.4%*  222* 188%™  16.5° 15.8° 17.0° 0.52  <0.001
Full stomach 11.4° 15.1%  124®  10.1° 10.1° 9.90° 0.44 0.001
Empty stomach 2.6° 29%  29%® 2.6° 2.5° 3.2 0.06  <0.001
Full intestine 7.1° 7.1° 6.7%° 6.3% 5.7° 7.12 0.15 0.032
Empty intestine 2.6™ 3.1  32° 3.0 2.4° 3.9° 0.10 0.001
Intestine length (cm) 36.6°  37.6°  40.4° 37.6°  35.9° 39.0° 0.47 0.058
WI to LI ratio (%) 2.8° 3.3° 3.2° 3.2° 2.8° 4.0 0.08  <0.001

TM: Turkish Merino; AK: Akkaraman; KV: Kivircik; AW: Awassi; KY: Karayaka; MK: Morkaraman.
SEM: standard error of the mean.

%° Means followed by different superscripts in each row are significantly different (P <0.05).
"Walues are means of six lambs for each breed.

WI to LI, The mean empty weight of the intestine to the mean length of the intestine ratio.

The results of the GIT tracts are in accordance with findings of previous studies on the digestive tract:
on Norwegian sheep (Steinheim ef al., 2003); on crossbred lambs from three genetic groups (Ribeiro et al.,
2009); and on Mexican hair sheep (Rios et al, 2011). In a study by Steinheim et al. (2003) it was
demonstrated that breed had an effect on the rumen weight and small intestine length, and the long-tailed
breed clearly had the heaviest rumen (indicating the largest rumen capacity) and the longest small intestine
relative to body mass compared with the short-tailed breeds. Furthermore, short-tailed breeds have smaller
rumens and a shorter intestine. Therefore, our results support the observation that the significant differences
in weights of GIT organs owing to breed of lamb are correct (Steinheim et al., 2003; Ribeiro et al., 2009; Rios
et al., 2011) and are consistent with results on TM, AK and MK breeds in a study by Teke & Unal (2009) and
results on KY breed in a study by Yildirim et al. (unpublished data). Two of the breeds (KY and KV) have
light long tails; one (TM) was a heavier crossbred with a long fat tail; and the other three breeds (AK, MK and
AW) had moderate body weights and fat tails. Furthermore, lambs consuming concentrates had a small
digestive tract, while forage-raised animals had a higher dry matter intake and thus a more developed
digestive tract (Priolo et al., 2002). An increase in rumen and intestine capacity (relative to body weight) is
associated with an increase in grass and roughage consumption and as GIT weights increase, intake
enhances (Johnson et al., 1990; Finegan et al., 2001). Moreover, increased proportional GIT weight in lambs
as a result of consuming forage appears to be reflected in all components of the GIT (Finegan et al., 2001).
Based on these findings and information, the differences between the breeds studied in the present study
may be the result of differences in their tail types, and not type of feed consumed, because all lambs were
fed the same total mixed diet. Lambs with heavier full stomach and intestine weights may have lower carcass
yields because the gastrointestinal content influenced carcass yield (Rios et al., 2011). Nsoso et al. (2004)
noted that different vegetation types promoted different body measurements, which should be expected
owing to differences in nutrient supply from different vegetation types.

The GIT has a major impact on energy expenditure, and about 20% to 25% of the total energy could
be attributed to the organs in the GIT (Ferrell, 1988; Finegan et al., 2001). Furthermore, the larger organ size
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would result in a greater energy requirement (Fluharty et al., 1999). It is interesting that the mean empty
weight of the intestine to the mean length of the intestine ratio was higher (P <0.001) in MK ram lambs than
in the other breeds (Table 2). The higher weight of the rumen and small intestine is an indication that they
contribute to improving the efficiency of feed utilization in animals (Priolo et al., 2002). Amount and type of
feed consumed, breed, age, sex and environmental conditions are known to contribute to between-animal
variation in efficiency of feed utilization for maintenance and growth (Channon et al., 2004). However, it was
not clear whether lambs were more efficient in terms of feed intake and feed efficiency owing to the
difference in relative empty GIT weights, since data were not available on the amount of feed consumed by
lambs in the present study. Furthermore the fat-tailed breeds used in the present study were statistically
different in terms of some variables studied and a higher proportional GIT weight in lambs were not reflected
in all components of the GIT (Table 2), contrary to the findings of Finegan et al. (2001).

Differences because of breed of lamb were significant in the pH of the rumen (P <0.001) and caecum
(P = 0.020) contents (Table 3). The pH of the rumen content was higher (P <0.001) in TM and AK lambs
compared with KY and MK lambs, while the caecum content pH of KV lambs was higher (P = 0.020) than
those of KY and MK lambs. Rumen content pH typically ranged from 6.5 to 6.8, and most rumen microbes
can only thrive in this type of environment (Franzolin & Dehority, 2010; Franzolin et al., 2010). The pH values
in the contents of all segments of the GIT obtained in the present study were within the values obtained by
other researchers feeding high-energy diets. Although specific activity of pancreatic amylase was observed
to increase when high concentrate diets were fed to sheep (Russell et al., 1981), the intestinal pH of ram
lambs in the present study may be below the 6.9 essential for optimal activity of pancreatic alpha amylase
(Wheeler, 1980). Ruminal pH drops below physiological levels when ruminants consume excessive amounts
of rapidly fermentable (non-fibre) carbohydrates (Wheeler, 1980; Krause & Oetzel, 2006). Krause & Oetzel
(2006) noted that to maintain ruminal pH within a physiological range of about 5.5 - 7.0, ruminants possess
highly developed systems such as careful regulation of feed intake, and the ability of the rumen to rapidly
absorb organic acids. Therefore, the differences in influence of breed on GIT pH may be explained by
differences in the nature of the regulation of ruminal pH described above. Channon et al. (2004) noted that
low faecal pH and faecal dry matter content were associated with lower efficiency (i.e. higher residual feed
intake). Therefore the feed efficiency of lambs from KY and MK breeds may be higher than those of the KV
breed. On the other hand, volatile fatty acid concentrations are high in the rumen of grain-fed animals, and
the pH may vary from 5.0 to 6.5, whereas in hay-fed animals, less fermentation occurs in the rumen, and the
pH remains between 6.5 and 7 (Chaucheyras-Durand et al., 2010). Accordingly, less fermentation in the
rumen of TM and AK ram lambs might have occurred than in the KY and MK lambs.

Table 3 Gastrointestinal tract pH of ram lambs from six Turkish sheep breeds’

™ AK KV AW KY MK SEM P

Rumen pH 7.15% 7.09° 6.84% 6.78°  6.46° 6.60° 0.06 <0.001
Jejunum pH 6.28 6.33 6.62 6.46 6.44 6.56 0.04 0.221
Caecum pH 6.79%° 6.68%° 6.812 6.66®  6.40° 6.46° 0.04 0.020

TM: Turkish Merino; AK: Akkaraman; KV: Kivircik; AW: Awassi; KY: Karayaka; MK: Morkaraman.
SEM, standard error of the mean.

#°Means followed by different superscripts in each row are significantly different (P <0.05).

' Values are means of six lambs for each breed.

Conclusion

Significant differences were found among the six breeds in terms of absolute and relative weights of
GIT, full and empty stomach, and full and empty intestine, length of intestine and intestine weight to intestine
length ratio and also the GIT pH. However, higher proportional GIT weights in the fat-tail breeds such as the
MK, AK and AW were not reflected in all components and in the GIT pH. The precise pH thresholds for
subtle reduction or variation of feed intake and risk of developing ruminal acidosis in these breeds require
further study since differences owing to breed of ram lambs were significant in rumen and caecum pH
values. The present approach would help to a large extent in establishing management and conservation
policies for the sustainable production of the six sheep breeds because the characterization of the sheep
populations will play a major role in the maintenance of the genetic resources and also in nutrient supply
from different vegetation types.
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