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Abstract
In lamb production, deciding the optimal slaughter weight (SW) has great importance on product
quality. The aim of the study was to determine the optimum SW for lambs from a thin-tailed breed
(Kivircik) and a fat-tailed breed (Kangal Akkaraman) in order to get high-quality meat and car-
cass. Kivircik (n=60) and Kangal Akkaraman (n=59) lambs were allotted to five SW groups (20,
28, 36, 44 and 52 kg). In Kivircik lambs, backfat thickness and fatness score gradually increased
in parallel with the increase in SW, while the increase in the tail fat and kidney knob and chan-
nel fat (KKCF) proportions were observed by up to 36 kg. In Kangal Akkaraman lambs, evident
increases in fatness parameters, except tail fat proportion, were observed when the SW increased
from 44 kg to 52 kg. Meat pH, Warner Bratzler shear force (WBSF) and cooking loss values were
not influenced by SW in lambs of both breeds. As SW increased in Kivircik lambs, there was
a significant decrease in meat lightness and an increase in yellowness. In Kangal Akkaraman
breed, lambs slaughtered at 20 kg and 28 kg had higher L* values, and lower a* and C* values
than those of other SW groups. In Kivircik lambs, the total PUFA proportion and the XPUFA/
X.SFA ratio were lower in SW-44 and SW-52 groups than those of SW-20 and SW-28 groups. De-
creases of these parameters were in SW-52 group in Kangal Akkaraman lambs. In meat samples
of both breeds, SW-52 groups had a lower Xn-3 proportion and a higher Xn-6 / Xn-3 ratio than
other SW groups. In Kivircik lambs, the panellists evaluated the meat of SW-20 and SW-28 groups
as tender compared to those in SW-44 and SW-52 groups. In Kangal Akkaraman breed, flavour
intensity in the meat of SW-52 lambs was higher than those of SW-20 and SW-28 groups. Results
of the study indicate that slaughtering of lambs at 20 kg and 28 kg in both breeds provided bet-
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ter meat quality but caused lower carcass weight. Therefore, slaughtering Kivircik and Kangal
Akkaraman lambs at 20 kg and 28 kg live weight might be recommended especially to farmers,
who aim to obtain high-quality lamb meat. In this case, it should not be ignored that the amount of
meat produced will be less. On the other hand, slaughtering lambs at about 44 kg weight could be
recommended to farmers, who aimed to obtain as much quality lamb carcasses as possible without
any negative influence on meat quality.

Key words: slaughter weight, tail type, meat quality, fatty acids, carcass quality

Sheep farming provides an important contribution to meat supply in the Middle
East, Mediterranean and some Balkan countries, which also include Turkey. In these
countries, many indigenous sheep breeds adapted to the natural nutritional resources
and climatic conditions of the region they are bred. Sheep breeds reared in Middle
Eastern countries can be divided into two groups as fat-tailed and thin-tailed accord-
ing to their tail structures. There are major differences between these two groups in
terms of localization of fat tissue on carcass. In fat-tailed breeds, as an important
amount of adipose tissue is accumulated in the tail, other carcass parts are less fatty
compared to thin-tailed breeds (Karabacak and Boztepe, 2007). Besides, there may
be differences among sheep breeds regarding muscle collagen content and solubil-
ity. Differences in collagen characteristics and accumulation of fat tissue may cause
differences in carcass and meat quality between sheep breeds (Martinez-Cerezo et
al., 2005).

In the Middle Eastern countries where the Muslim population is very dense, pork
consumption is very limited. Therefore, almost all of the red meat needs in these
countries are met from sheep and cattle species (Ekiz et al., 2019 a). Sheep stock
in Turkey was 37.3 million head in 2019 (TUIK, 2020). According to FAO statis-
tics in 2018, Turkey ranked 8th place in the world in terms of the number of sheep
(FAO, 2020). Sheep breeding is traditionally carried out by small family-type enter-
prises and is of great importance for the income, nutrition and culture of the rural
population (Gursoy, 2006). Meat obtained from mutton or lamb and kebabs made
with mutton are highly appreciated by Turkish consumers (Ekiz et al., 2009; Gursoy,
2006). Many indigenous sheep breeds, which are well suited to a variety of harsh
geographic and climatic conditions, are reared in the country. While fat-tailed sheep
breeds are generally reared in the inland, thin-tailed breeds are mostly reared in the
coastal regions of Turkey (Anonymous, 2009). Among the sheep breeds, Akkara-
man, a fat-tailed breed, is the most commonly reared breed in the country (Kayalik
and Bingol, 2015). Kangal Akkaraman is one of the varieties of Akkaraman breed
and reared mostly in Sivas province where the winter months are quite harsh and
cold. Kangal Akkaraman is known for its largest framed body and highest growth
rate among the indigenous sheep breeds of Turkey (Anonymous, 2009; Tufan and
Akmaz, 2001). On the other hand, among the thin-tailed sheep breeds, Kivircik is
the most numerous breed (Kayalik and Bingo6l, 2015). Kivircik is a medium sized
indigenous breed of the Marmara region and it is also bred in Balkan countries such
as Bulgaria and Greece (Ekiz et al., 2018). Turkish consumers evaluate the meat of
the Kivircik lambs as the best quality meat among the breeds raised in Turkey and
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Kivircik meat is mostly sold at higher prices (Ekiz et al., 2018, 2020; Yalcintan et
al., 2018). Kivircik lambs do not have a rapid growth rate, and average daily gain of
male Kivircik lambs was reported as 168-225 g (Ekiz et al., 2012 a, 2019 a).

Lamb carcass and meat quality might significantly be influenced by SW (Cafieque
et al., 2001; Santos-Silva et al., 2002; Diaz et al., 2003). Therefore, to benefit from
the meat production potential of lambs, it is of great importance to determine the
highest SW which will not lead to a reduction in lamb carcass and meat quality.
Studies have been carried out to investigate carcass and meat quality characteristics
of Kivircik lambs (Ekiz et al., 2012 a, 2019 a, b; Yalcintan et al., 2018) and Akkara-
man lambs (Aksoy et al., 2018, 2019; Khadre and Karabacak, 2018) in a constant
SW. However, the studies on the meat quality characteristics of Kangal Akkaraman
lambs, and the carcass and meat quality characteristics at different slaughter weights
for both breeds are quite limited. The aim of the current study was to determine
the optimum SW to produce high-quality carcass and meat in thin-tailed Kivircik
and fat-tailed Kangal Akkaraman lambs. For this purpose, carcass characteristics,
instrumental and sensory meat quality characteristics of lambs slaughtered at 20,
28, 36, 44 and 52 kg weights were investigated, comparatively. The results of the
study may assist in deciding the most appropriate slaughter weight, which will not
lead to a reduction in carcass and meat quality, of Kivircik and Kangal Akkaraman
lambs.

Material and methods

The experimental procedures of the study were approved by the Ethic Committee
of Istanbul University (Approval No: 2013/113).

Animals

A total of 119 male lamb carcasses from Kivircik (n=60) and Kangal Akkaraman
(n=59) breeds were used in the study. Thin-tailed Kivircik lambs were purchased
among the purebred herds involved in the “Breeding of Kivircik Sheep Raised in
Breeder Conditions in Kirklareli Province” project carried out by the Ministry of Ag-
riculture and Forestry. Kirklareli is the province where the purebred Kivircik sheep
is the most widely bred. Fat-tailed Kangal Akkaraman lambs were purchased among
the purebred herds involved in the “Breeding of Kangal Akkaraman Sheep Raised in
Breeder Conditions in Sivas Province” project. To ensure that the selected animals
are representative of the breeds and to avoid possible sire effects, purebred Kangal
Akkaraman lambs were obtained from 4 different farms, while purebred Kivircik
lambs were purchased from 9 different farms. These farms were randomly selected,
where male lambs were intensively fed with ad-libitum commercial concentrate feed
[mean crude protein: 17.45% (min.: 16.89% and max.: 18.26%); mean metabolisable
energy: 10.89 MJ/kg dry matter (min.: 10.53 MJ/kg and max.: 11.23 MJ/kg)] and hay
until slaughter. In these farms, lambs were started to be fed with concentrate feed and
hay at the age of 1 week and were weaned when they were 3-3.5 months old.
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Five SW groups were studied in both breeds: i. 20 kg (18.0-21.9 kg; SW-20),
ii. 28 kg (26.0-29.9 kg; SW-28), iii. 36 kg (34.0-37.9 kg; SW-36), iv. 44
(42.0-45.9 kg; SW-44) and v. 52 kg (50.0-53.9 kg; SW-52). All lambs in the se-
lected farms were weighed the day before the slaughter, and the lambs that could
be included in the SW groups were identified. Within each breed, twelve lambs in
each SW group were randomly selected to slaughter. However, one lamb in the SW-
44 group in the Kangal Akkaraman breed was removed from the study since it had
a pre-slaughter weight below the limits for that SW group.

Slaughter procedures and carcass characteristics

Kangal Akkaraman lambs were slaughtered in a commercial slaughterhouse in
Sivas, while Kivircik lambs were slaughtered at the Istanbul University Experimen-
tal Slaughterhouse. Similar slaughter procedures were carried out in both slaugh-
terhouses. Lambs were slaughtered after 75 min lairage. Immediately prior to the
bleeding, pre-slaughter weights of lambs were recorded after an overnight (about
16 h) fasting. After the slaughter, non-carcass components were removed, and car-
casses were chilled at 4°C for 24 h. Then, cold carcass weights were recorded. Kan-
gal Akkaraman lamb carcasses were transported to Istanbul University Experimental
Slaughterhouse by a frigorific vehicle at 4°C.

At post-mortem 96th hour, lamb carcasses were classified for fatness and con-
formation according to the EUROP carcass classification system (European Union,
1992; European Union, 1993). In order to analyse the fatness and conformation clas-
sification data statistically, the scores given to lamb carcasses were converted into
a 1-15 scale according to the description by Johansen et al. (2006). Afterwards,
kidney-knob and channel fat (KKCF) was separated from the carcass and weighed.
M. longissimus dorsi (LD) section area was measured between last thoracic and
first lumbar vertebrae by a Placom planimeter (KP9ON, Koizumi, Nagoya Japan).
Backfat thickness was measured from the same section by a digital calliper. After-
wards, tail-fats were removed from carcasses and weighed. Cold carcass weight was
presented in two ways: i) including tail-fat weight (CCW1) and ii) without tail-fat
weight (CCW2). Dressing percentage was also calculated using both intact cold car-
cass weight (DP1) and CCW2 (DP2).

Instrumental meat quality analyses

Carcass pH was measured directly on LD muscle between 12th and 13th thoracic
vertebrae at 24 h post slaughter (pH,,) using a digital pH meter (Testo 205, Testo AG,
Lenzkirch, Germany). To assess instrumental meat quality, LD muscles from the left
side of the carcasses were removed at 96 h post-mortem. Drip loss was measured
using the meat samples cut from 5th thoracic vertebrae by suspending the samples
for 24 h at 4°C (Honikel, 1998). Expressed juice was measured by the modified Grau
and Hamm pressure method (Beriain et al., 2000 a). Cooking loss was measured
from LD muscle samples cut from 8—13th thoracic vertebrae. Meat samples were
placed in polyethylene bags and cooked in a water bath (80°C) for 45 min (Honikel,
1998). Meat samples from the cooking loss analysis were used for Warner-Bratzler
shear force (WBSF) analysis. Six sub-samples (1x1 cm thick, 2.5-3 cm length) were
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analysed using Instron Testing device (Model-3343, Instron Corp., Norwood, MA,
USA). Colour measurement of LD muscle was performed after 1 h blooming on cut
surface of the slices. Meat L* (lightness), a* (redness), b* (yellowness), C* (Chro-
ma) and H* (hue angle) values were determined by Minolta chromometer (Minolta
CR 400, Minolta Camera Co., Osaka, Japan).

Meat samples sliced from the LD muscle at the 6th and 7th thoracic vertebrae
were vacuum packaged and stored at —18°C until the fatty acid composition analysis.
Gas chromatography-mass spectrometry (HP Agilent 6890/5972, Santa Clara, CA,
USA) was used in fatty acid analyses. Procedures specified previously by Ekiz et al.
(2019 a) were applied in meat fat extraction and fatty acid analyses.

Meat sensory assessment

Procedures specified previously by Ekiz et al. (2019 a) were also used in meat
sensory analyses. Briefly, LD muscle between 2—4th lumbar vertebrae was used for
sensory analyses. Samples were packaged under vacuum and stored at —18°C until
sensory assessment. One day prior to each panel evaluation, frozen samples were
removed from the freezer and thawed at 4°C for 24 h. The samples were cooked in
a 180°C oven until the internal temperature reached 80°C. Each cooked sample was
cut into 8 sub-samples (approximately 1x1x1 cm dimensions). Sub-samples were
wrapped in pre-coded aluminium foils and kept at 60°C in another oven until the
panel evaluation. The evaluations were made by eight trained panellists (four men
and four women), who had at least two years’ experience for meat sensory assess-
ment. The panel room had eight cabins separated from each other by barriers, and
the entire room was lit with red fluorescent light. Panel evaluation was carried out
in twelve sessions. In each session, 10 cooked sub-samples (2 breed X 5 SW groups)
were presented to each panellist. Sensory characteristics of sub-samples were as-
sessed by eight-point category scale described by Safiudo et al. (1998). The panellists
assessed tenderness, juiciness, lamb odour and flavour intensity (scale 1 = extremely
tough, extremely dry, no odour and no flavour; scale 8 = extremely tender, extremely
juicy, very strong lamb odour and very strong flavour) (Safiudo et al., 1998). Panel-
lists were served unsalted crackers and water to refresh their mouths between each
sub-sample evaluation.

Statistical analyses

Normal distribution of data was controlled by applying Shapiro-Wilk test. As the
lambs of two breeds were finished in different locations with different environmental
conditions and were slaughtered in different slaughterhouses, data of Kivircik and
Kangal Akkaraman lambs were analysed separately to avoid the possible confound-
ing. In the analyses of carcass and instrumental meat quality data, one-way ANOVA
and Duncan multiple comparison tests were applied for comparison of SW groups
within each breed. The mathematical description of the model was:

VpTHtate,

where: y,_isthe i/ observation, u is the general mean, g, is the fixed effect of i
SW group (i = 20, 28, 36, 44 and 52 kg), el./.is random error.
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Data for sensory characteristics were analysed using the General Linear Model
(GLM) included the fixed effects of SW, panellist, session and significant two-way
interactions between these effects. The cooked meat sample was the experimental
unit for sensory data.

Results

Slaughter and carcass characteristics

SW had a significant influence on dressing percentage in both breeds (Table 1).
In Kivircik lambs, both DP1 and DP2 were higher in SW-36 and SW-44 groups
compared to the SW-20 and SW-28 groups. On the other hand, in Kangal Akkara-
man lambs, the highest DP1 was observed in SW-28 group. When the weight of tail
fat was excluded from the carcass weight, dressing percentage of SW-44 and SW-52
groups was lower than SW-20, SW-28 and SW-36 groups in Kangal Akkaraman
lambs.

LD muscle section area significantly increased as SW rose until 44 kg in lambs
of both breeds (Table 2). In Kivircik lambs, BFT gradually increased with increas-
ing SW. On the other hand, there was no increase in backfat thickness up to 52 kg
in Kangal Akkaraman lambs. The backfat thickness of the SW-52 group lambs was
higher compared to other SW groups. While the tail fat proportion in Kivircik lambs
increased by up to 36 kg, there was a decrease in tail fat proportion in SW of 52 kg.
In Kangal Akkaraman lambs, the tail fat proportion increased as the SW increased.
When SW increased from 28 kg to 36 kg, KKCF proportion increased in Kivircik
lambs, while it decreased in Kangal Akkaraman lambs. There was a gradual increase
in carcass conformation and fatness scores in Kivircik lambs with increasing slaugh-
ter weight. In Kangal Akkaraman lambs, conformation score increased up to SW
of 44 kg. While the differences between the SW-28, SW-36 and SW-44 groups
in terms of fatness score were not significant, a significant increase in carcass fat-
ness score was detected when the SW was increased to 52 kg in Kangal Akkaraman
lambs.

Meat instrumental quality

In lambs of both breeds, the effects of SW on meat pH,,, cooking loss, WBSF
and meat yellowness were not significant (Table 3). Meat drip loss value in Kan-
gal Akkaraman lambs was lower in SW-52 group compared to the lambs of SW-20
and SW-28 groups. As the SW increased in Kivircik lambs, expressed juice also
increased. However, in Kangal Akkaraman lambs, expressed juice increased up to
SW of 36 kg, while an additional increase of SW did not affect expressed juice
value. As SW increased in Kivircik lambs, there was a significant decrease in meat
L* value and an increase in a* value. In Kangal Akkaraman lambs, meat of SW-20
and SW-28 groups had higher L* values, and lower a* and C* values than those of
other SW groups.
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Fatty acids

SW had a significant influence on proportions of individual saturated fatty acids
(SFA), except C15:0 and C17:0 for Kivircik lambs and C17:0 and C20:0 for Kangal
Akkaraman lambs (Table 4). However, the proportion of XSFA was not influenced by
SW group in both Kivircik and Kangal Akkaraman lambs (Table 5). In both breeds,
SW significantly affected proportions of C16:1 and C17:1. Lambs of SW-36 group
had the highest values for these monounsaturated fatty acids (MUFA) in Kivircik
breed and for C17:1 in Kangal Akkaraman breed. On the other hand, SW had no
influence on the proportions of other individual MUFAs and XMUFA in lambs of
both breeds.

Meat of SW-52 lambs had lower levels for the proportion of C18:3 n-3 compared
to other SW groups in both breeds (Table 4). Proportion of C20:5 n-3 was also lower
in SW-52 lambs compared to other SW groups in Kivircik breed and to SW-20, SW-
28 and SW-36 groups in Kangal Akkaraman lambs. SW-52 lambs had also the low-
est proportion of total polyunsaturated fatty acids (PUFA) and XPUFA / XSFA ratio
in Kangal Akkaraman lambs. In Kivircik lambs, proportion of XPUFA and XPUFA/
2SFA ratio were lower in SW-44 and SW-52 groups than SW-20 and SW-28 groups.
In meat samples of both breeds, SW-52 groups had a lower Xn-3 proportion and
a higher Xn-6 / Xn-3 ratio than other SW groups. In Kangal Akkaraman meats, nutri-
tive value and proportions of desirable fatty acids were higher in SW-44 and SW-52
groups compared to the other SW groups. The thrombogenic index value was highest
in SW-52 group in lambs of both breeds.

Meat sensory assessment

Among investigated sensory characteristics, the influence of SW was significant
only on tenderness in Kivircik lambs and on flavour intensity in Kangal Akkaraman
lambs (Table 6). In Kivircik breed, meats of SW-20 and SW-28 groups were evalu-
ated more tender than lambs of SW-44 and SW-52 groups by panellists. In Kangal
Akkaraman breed, flavour intensity of SW-52 lambs was higher than SW-20 and
SW-28 groups.

Discussion

Slaughter and carcass characteristics

In Turkey, lamb carcasses are often priced out based on their weights. Therefore,
the high dressing percentage is a commercially desirable situation. Both DP1 and
DP2 significantly increased as SW rose until 36 kg in Kivircik lambs, but further
increases were not observed at higher slaughter weights. Such a trend was not found
in Kangal Akkaraman lambs. Similar to the present results determined for Kivircik
lambs, numerous authors reported an increase in DP of lamb carcasses with increas-
ing SW (Ekiz et al., 2020; Kai¢ et al., 2016; Santos-Silva et al., 2002; Velasco et
al., 2000). In previous studies, DP variations among lambs slaughtered at different
weights/ages were usually explained by differences in terms of fatness level (Assan,
2020; Ekiz et al., 2016) and/or proportion of non-carcass components like a gastroin-
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testinal tract, skin and head (Budimir et al., 2018; Ekiz et al., 2020; Kai¢ et al., 2016).
While the DP is generally decreased with increasing the non-carcass components, it
improves in parallel with the rises in carcass fatness level (Assan, 2020). Velasco et
al. (2000) found an increase in DP as SW increased in Talaverana lambs. Accord-
ing to the authors, this result is due to the fact that the increase in carcass weight is
higher than the increase observed in offal weights. In the current study, DP had high
and significant correlation (r=—0.693; P<0.001) with proportion of gastrointestinal
tract in Kivircik lambs. Therefore, it can be considered that variation in proportion of
gastrointestinal tract might be one of the reasons of differences among SW groups in
terms of DP in Kivircik lambs. On the other hand, the correlation coefficient between
DP and backfat thickness was r=0.417 (P<0.001) in Kivircik and r=0.282 (P=0.029)
in Kangal Akkaraman lambs. These results indicate that the carcass fatness may also
contribute to the increase in DP as SW increases in Kivircik lambs. A lower DP2 in
SW-44 and SW-52 groups in Kangal Akkaraman lambs may be due to the higher
proportion of tail fat in these groups. These results also indicate obviously low tail
fat-free carcass yield in weights above 44 kg in Kangal Akkaraman lambs. The DP
values found in the current study were consistent with the values reported for Kivir-
cik (Ekiz et al., 2012 a, 2019 b, 2020; Yalcintan et al., 2018) and Akkaraman (Kara-
bacak and Boztepe, 2007) lambs slaughtered at similar weights.

Excessively fat carcasses are not preferred by the butchers, as customers often
demand to trim off the excess fat without any payment for this. Therefore, determina-
tion of SW is of great importance for the profitability of lamb production. In Kivircik
lambs, backfat thickness and fatness score gradually increased in parallel with the
increase in SW. On the other hand, the increase in the tail fat and KKCF proportions
was observed by up to 36 kg. These results indicate that, up to 36 kg in Kivircik
lambs, there was an increase in both internal and external fat tissues of the carcass,
but more fat accumulation in the external surface of the carcass in later weights. Ak-
soy and Ulutag (2015) also reported that backfat thickness increased gradually as the
SW increased up to 45 kg for thin-tailed Karayaka lambs and difference between 45
and 50 kg SW groups was insignificant.

In Kangal Akkaraman lambs, differences for backfat thickness among SW-20,
SW-28, SW-36 and SW-44 groups were not significant. But, when the SW increased
to 52 kg, backfat thickness increased statistically. In a previous study (Tufan and
Akmaz, 2001), differences among lambs slaughtered at 30 kg, 35 kg and 40 kg in
terms of backfat thickness were also not significant. When the SW increased from 44
kg to 52 kg, there were also significant increases in proportions of tail fat and KKCF
and subjective fatness score. These results indicate an evident increase of fatness in
weights above 44 kg in Kangal Akkaraman lambs. Also, Sahin and Akmaz (2002)
found similar backfat thickness and KK CF proportion for Akkaraman lambs slaugh-
tered at 35, 40 and 45 kg, and an increase in carcass fatness when SW increased to
50 kg.

There was a gradual increase in LD muscle section area and conformation score
with increasing SW in Kivircik lambs. Similar trends for LD muscle section area
were previously reported for Karayaka male lambs slaughtered at 30, 35, 40, 45 and
50 kg (Aksoy and Ulutas, 2015). However, in Kangal Akkaraman lambs, LD muscle
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section area and conformation score increased as SW increased until 44 kg, and dif-
ferences between SW-44 and SW-52 groups were not significant. When these results
are evaluated together with results of fatness score, it is concluded that the increase
in live weight after 44 kg in Kangal Akkaraman lambs is mostly with the increase
in fat tissue.

Meat instrumental quality

Meat pH,, values between 5.5 and 5.8 can be evaluated as an acceptable quality
level (Hoffman et al., 2003). pH,, values for SW subgroups ranged between 5.62
and 5.76 in Kivircik lambs and between 5.66 and 5.73 in Kangal Akkaraman lambs,
therefore these values might be considered within the range of acceptable values.
In previous studies, the effect of SW on meat pH was in conflict. Although some
authors (Beriain et al., 2000 a; Diaz et al., 2003; Ekiz et al., 2019 a) observed sig-
nificant influence of SW on meat pH,,, some other studies found no significant vari-
ation among lambs slaughtered at different weight groups (Judrez et al., 2009). In
the earlier studies, significant meat pH,, differences among different groups were
generally attributed to differences in response to pre-slaughter processes (Hopkins
and Fogarty, 1998; Ekiz et al., 2012 a) or differences in glycolytic potential (Hopkins
and Fogarty, 1998). One of the reasons for the non-significant SW influence on meat
pH,, might be that all lambs were subjected to similar pre-slaughter procedures. The
fact that all lambs are subjected to an intensive fattening programme and possibly
having similar glycolytic potential may also be effective in similar meat pH,, values
determined in SW subgroups.

SW had no influence on drip loss in Kivircik lambs. Cooking loss was also not in-
fluenced by SW in both breeds. However, drip loss value of SW-52 group was lower
than SW-20 and SW-28 groups in Kangal Akkaraman lambs. Meat of SW-44 and
SW-52 lambs had higher expressed juice value than SW-20 lambs in both breeds.
Supporting the current results, Vergara et al. (1999) found an increase in expressed
juice value with increase in SW for Manchego lambs. In some previous studies (Ekiz
etal., 2012 b; Yaranoglu and Ozbeyaz, 2019), it has been reported that levels of ex-
pressed juice, drip loss and cooking loss are closely related with meat pH,,. Ekiz et al.
(2012 b) found significant and negative correlation of pH,, with expressed juice and
cooking loss. At higher muscle pH, proteins are able to bind with water more strong-
ly and therefore less water is released (De la Fuente et al., 2010; Ekiz et al., 2012 b).
However, in the current study, the correlations of pH,, with expressed juice, drip loss
and cooking loss were not significant in both Kivircik and Kangal Akkaraman lambs.
On the other hand, Rajkumar et al. (2014) noted that increased meat water holding
capacity in heavier lambs might be related to their higher fatness. Indeed, backfat
thickness had significant Pearson correlation with drip loss (r=0.447; P<0.001) and
expressed juice (r=0.487; P<0.001) in Kivircik lambs. KKCF proportion had also
a significant correlation with expressed juice (r=0.393; P=0.002) in Kivircik lambs.
In the Kangal Akkaraman lambs, both backfat thickness and KKCF proportion had
no significant correlation with expressed juice, drip loss and cooking loss. However,
tail fat proportion had significant correlation with drip loss (r=—0.327; P=0.012) and
expressed juice (r=0.375; P=0.003) in Kangal Akkaraman lambs. Therefore, in the
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condition of the current study, carcass fatness in Kivircik lambs and tail fat propor-
tion in Kangal Akkaraman lambs might be considered as important factors influenc-
ing variation in meat water holding capacity.

Meat WBSF was not affected by SW in lambs of both breeds. An increase in
fatness may cause a decrease in WBSF (Safiudo et al., 2000; Ekiz et al., 2019 a).
Slaughter age may also affect the collagen content and solubility, and therefore
WBSF (Maiorano et al., 2009). Beriain et al. (2000 b) noted that meat tenderness
tends to decrease with age due to an increase in the number of heat-resistant link-
ages between the collagen fibres. In the current study, the effect of carcass fatness on
WBSF might have been neutralized by the effect of slaughter age which would lead
to an insignificant SW effect. Liang et al. (2016) reported that meat samples with WB
shear force values greater than 4.22 kg (41.4 N), might be considered to be tender by
consumers. According to this criterion, the meat of all SW groups, except SW-44 in
Kivircik lambs, in the current study might be accepted as tender meat.

Meat colour is an important criterion to judge the quality and freshness of meat
at purchase by consumers (Ekiz et al., 2012 a). In the current study, a decrease in L*
value and an increase in a* and C* values were observed as SW increased in the meat
of Kivircik lambs. Similar SW effect was observed in the meat of Kangal Akkaraman
lambs only up to 36 kg. But, differences among SW-36, SW-44 and SW-52 groups
were not significant regarding L*, a* and C* values. Decreased L* and increased a*
values as SW rose were also reported previously (Cafieque et al., 2001; Santos-Silva
et al., 2002; Diaz et al., 2003; Ekiz et al., 2019 a; Kai¢ et al., 2016). In addition to the
SW effect, numerous factors such as pH,, (Calnan et al., 2016), slaughter age (Bu-
dimir et al., 2018; Calnan et al., 2016; Polidori et al., 2017) and fatness level (Calnan
et al., 2017) may also influence meat colour variables. In the current study, the pH,,
values in different SW groups were similar in both Kivircik and Kangal Akkara-
man lambs. Furthermore, the correlations of pH,, with meat colour variables were
not significant (results not shown in tables). Therefore, the differences among SW
groups in terms of meat colour variables cannot be explained by pH effect. Budimir
et al. (2018) noted that darkening of lamb meat as SW increases might be due to the
increased pigment content with age. Indeed, in the current study, slaughter age has
negative and significant correlation (P<0.001) with meat lightness value (r=0.44 in
Kivircik and r=—0.54 in Kangal Akkaraman lambs), and has positive and significant
correlation (P<0.001) with meat redness value (r=0.64 in Kivircik and r=0.55 in
Kangal Akkaraman lambs). On the other hand, meat lightness values were negatively
correlated with fatness parameters investigated in the present study (backfat thick-
ness, KKCF proportion and fatness score) in both breeds, while the correlations of
meat redness and fatness parameters were positive and significant. Therefore, the
significant differences in terms of colour variables among SW groups might be due
to the combined effects of slaughter age and fatness level.

There is no study conducted to determine which L* and a* levels in lamb meat
qualified as acceptable by Turkish consumer. However, in a study conducted in Aus-
tralia, it was found that consumers consider the L* value above 34 and a* value
above 9.5 as acceptable in lamb meat (Khliji et al., 2010). Although meat colour
became darker as SW increased especially in Kivircik lambs in our study, meat L*
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and a* values of lambs in all SW groups might be considered as acceptable by taking
into consideration the report by Khliji et al. (2010).

Fatty acids

Along with other quality criteria, fatty acid composition in meat is also important
in meeting meat acceptability and health criteria. Meats with low levels of saturated
fatty acids, trans fatty acids and high levels of unsaturated fatty acids are recom-
mended by experts (Williams, 2000). It has been reported in many previous studies
that different breeds exhibit different fatty acid composition (Fisher et al., 2000;
Camacho et al., 2017). Therefore, we also aimed to determine the fatty acid compo-
sition of fatty-tailed and thin-tailed lambs of different breeds at different slaughter
weights.

C18:1 (oleic acid) was the most abundant fatty acid among determined fatty
acids in all SW groups in both Kivircik (36.46-38.08%) and Kangal Akkaraman
(34.34-35.76%) lambs. In terms of their proportional contribution to total fatty acids
in meat, C16:0 (palmitic acid) and C18:0 (stearic acid) followed C18:1 in all SW
groups. In the different SW groups, these three fatty acids accounted for 76.11—
82.27% and 74.14-79.74% of the total fatty acid in the meat samples of Kivircik
and Kangal Akkaraman lambs, respectively. Supporting this result, the prevalence of
sum of these fatty acids were reported about 80% in LD muscles of Kivircik (Ekiz et
al., 2019 a) and Barbarine (Atti and Mahouachi, 2009) lambs.

Results regarding proportions of individual fatty acids showed that meat fatty
acid composition changed with increasing slaughter weight. It has been observed
that medium chain saturated fatty acids such as C10:0 (capric acid), C12:0 (lauric
acid) and C14:0 (myristic acid), which are found in the highest rates in milk (Banska-
lieva et al., 1989), are higher in the youngest lambs that have recently been weaned
and had the lowest slaughter weight in both Kivircik and Kangal Akkaraman lambs.
Similar to results from current study, decrease in the C12:0 and C14:0 proportions
of intramuscular fat of higher SW of lambs was reported previously by numerous
authors (Beriain et al., 2000 a; Diaz et al., 2002; Ekiz et al., 2019 a).

Changes in C16:0 level with increasing slaughter weight showed a different pat-
tern in the two breeds. Meat from thin-tailed Kivircik lambs slaughtered at 20 kg had
the lowest level of C16:0 (P<0.001), while there was no difference among other SW
groups (P>0.05). However, fat-tailed Kangal Akkaraman lambs slaughtered at 44 kg
had lower levels of C16:0 than other SW groups. It is possible to see the differences
between fat accumulation between fat-tailed and thin-tailed breeds in terms of C16:0
fatty acids. With the weight gain of the lambs, the fat accumulation in the fat-tailed
lambs is in the tail and subcutaneous tissue, while the fat accumulation of thin-tailed
lambs is in intramuscular and subcutaneous tissue (Bahnamiri et al., 2018). This
fatty acid, which is found intensely in adipose tissue, has, therefore, manifested itself
in these two distinctive breeds. Significant differences in C18:0 percentages were
observed between the SW-52 and other four SW groups in Kivircik lambs (Table 4).
In fat-tailed Kangal Akkaraman lambs, SW-44 and SW-52 groups had higher levels
of C18:0 than other SW groups. On the other hand, as a whole, total content of SFA
did not significantly change in relation to slaughter weight in both breeds (P>0.05).
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C18:1 is produced by the endogenous desaturation of C18:0 and in contrast to
C18:0, major fatty acid C18:1 remained constant at about 37% in Kivircik and about
35% in Kangal Akkaraman lambs. This result was also reflected in the proportion of
total MUFA in intramuscular fat and the effect of SW on the total MUFA proportion
was not significant in lambs of both breeds. According to Miltko et al. (2019) reduc-
tion in oleic acid is often associated with PUFA supplementation in the diet which
is not the case in the current study. Enser et al. (1991) reported that C18:2 n-6 was
very low at birth, increased initially and then slowly decreased. In their study, lambs
growing from 32 to 52 kg, C18:2 n-6 fell from 7.0 to 5.4% whilst C18:0 increased
from 17.2 to 26.3% and similar pattern was observed in our case. The proportion
of C18:3 n-3 (linolenic acid) was lower in 52-SW groups than the other SW groups
in both breeds. Similar to C18:3 »-3, its longer chain product C20:5 n-3 (EPA) was
found at lowest level in SW-52 groups. During early growth n-3 fatty acids level
increases and continuously decreases afterwards. Neutral lipid fractions which in-
crease with increasing fatness are more saturated, therefore diluting the proportion
of long-chain PUFA compared with animals of lower fatness (De Smet et al., 2004).
Moreover, in Kivircik lambs, the total PUFA proportion and the XPUFA/XSFA ratio
were lower in SW-44 and SW-52 groups than those of SW-20 and SW-28 groups.
Significantly lower levels of these parameters were detected in SW-52 group com-
pared to other SW groups in Kangal Akkaraman lambs. These results agreed with
previous results reported by Marino et al. (2008) and Camacho et al. (2017) as total
PUFA percentage decreased with increase in SW.

The XPUFA/ZSFA ratios ranged between 0.15 and 0.23 in Kivircik lambs and be-
tween 0.18 and 0.24 in Kangal Akkaraman lambs. These levels were lower according
to Department of Health (1994) guidelines, which recommends a value of 0.45 for
diet. Moreover, the level of Xn-6/%n-3 ratio was beneficially lower in all SW groups
of both breeds than recommended value (<4), except SW-52 group of Kivircik breed
(4.15). Also, the meat of SW-52 lambs in both breeds may be less beneficial for hu-
man health with their lower Xn-3, and higher TI values.

Meat sensory assessment

In Kivircik lambs, the panellists evaluated the meat of SW-20 and SW-28 groups
as tender compared to those in SW-44 and SW-52 groups. This result contradicts the
finding of WBSF. Variation regarding meat tenderness between instrumental analysis
and sensory evaluation may be caused by different methods used in meat cooking.
One of the reasons of tougher meat in SW-44 and SW-52 lambs might be the de-
crease in the amount of soluble collagen with increasing age and the increase in the
number of heat-resistant linkages between the collagen fibres (Beriain et al., 2000 b).
Supporting the current results, Ekiz et al. (2019 a) found no significant differences
among the meat of Kivircik lambs slaughtered at 25 kg, 30 kg and 35 kg weights
regarding juiciness, odour and flavour intensity.

In Kangal Akkaraman breed, flavour intensity in the meat of SW-52 lambs was
higher than those of SW-20 and SW-28 groups. Moreover, there was a tendency for
significant odour intensity (P=0.067). Supporting the current result, Jeremiah et al.
(1998) found an improvement in flavour profile of lamb meat with increasing SW.
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In both breeds, odour intensity and juiciness perception of panellists were not af-
fected from SW. Similar SW influence on odour intensity and juiciness scores were
previously reported by Lloyd et al. (1980) for Targhee and Suffolk x Targhee lambs,
by Rajkumar et al. (2014) for Muzaffarnagari lambs and by Ekiz et al. (2019 a) for
Kivircik lambs.

Conclusion

Results of the study indicate that slaughter weight has an evident influence on
carcass and meat quality characteristics in both Kivircik and Kangal Akkaraman
lambs. In Kivircik lambs, slaughtering at 20 kg and 28 kg resulted in better meat
colour, Y PUFA, > PUFA/} SFA, > n-6 and sensory tenderness compared to heavier
groups. Therefore, if the main production goal is only to obtain high-quality lamb
meat as a luxury product, it may be preferred to slaughter Kivircik lambs at 20 kg
and 28 kg. However, lower dressing percentage and carcass weight in SW-20 and
SW-28 groups may result in insufficient utilisation of meat production potential of
lambs. When the heaviest groups are compared with each other, lambs of SW-44
and SW-52 groups had similar values in terms of Jongissimus dorsi muscle sec-
tion area, backfat thickness and KKCF proportion. However, certain carcass (the
subjective fatness score, dressing percentage) and meat quality (lightness, > PUFA,
> PUFA/Y'SFA, %'n-3 values and the highest redness, chroma, > n-6/3 n-3 ratio and
thrombogenic index values) characteristics were adversely influenced when lambs
were slaughtered at 52 kg. Therefore, slaughtering Kivircik lambs at about 44 kg
weight could be recommended to obtain as many quality lamb carcasses as possible
without any negative influence on meat quality.

A somewhat similar pattern of SW effect was also observed in Kangal Akkara-
man lambs. Slaughtering of lambs at 20 kg and 28 kg provided better meat quality
but caused lower carcass weight. On the other hand, slaughtering Kangal Akkaraman
lambs at 52 kg did not provide any advantage regarding LD muscle section area and
conformation score; furthermore, fattier carcasses were obtained. Also, considering
the fatty acid composition, meat of SW-52 lambs may be considered less healthy.
Therefore, as in Kivircik lambs, slaughtering Kangal Akkaraman lambs at about 44
kg weight might be recommended.
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