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Abstract. The study assessed the impact of incorporating protected tallow fat (PF) at varying concentrations on
the fattening performance, carcass characteristics, meat quality, and fattening cost of 45 lambs over a period of
73 d. The addition of 20 g per kg dry matter (DM) of PF resulted in the highest values for fattening performance
and carcass characteristics (p < 0.05). The pH, chemical composition, and sensory evaluation were not affected
by the addition of PF, except for the cooking loss (p < 0.05). The addition of PF led to an improvement in the
sums of fatty acids in the longissimus thoracic muscle by reducing saturated fatty acids (SFAs) and increasing
unsaturated fatty acids (UFAs). The addition of PF at a level of 20 g per kg DM positively affected (p < 0.05)
the ratio of oleic acid, one of the major UFAs in meat. The ratio of conjugated linoleic acid (CLA) in meat
increased linearly up to 104 %, with increasing (p < 0.05) levels of PF. The healthy indicators considerably
improved (p < 0.01). In conclusion, it is recommended to add PF at a 20 g per kg DM inclusion level to the mixed
concentration to improve fattening performance, carcass characteristics, meat quality, and fatty acid composition

without any economic loss.

1 Introduction

Nutrition strategies have been developed in sheep farms to
increase the efficiency of production, particularly milk and
meat, and various feeds are used for this purpose (Liu et al.,
2023). The strategies of the native sheep have gained more
importance due to an important factor limiting the produc-
tion, that is, the low-producing potentials. For native sheep
in Tiirkiye, the current production performances are not suf-
ficient. Sheep meat production can be increased by improv-
ing the growth rate and feed conversion efficiency of ge-
netically improved Turkish breeds with nutrition strategies
(Macit et al., 2001). Besides, the meat quality can likewise be
developed with the strategies. Despite the biohydrogenation
of unsaturated fatty acids (UFAs) in the rumen, lipid supple-
mentation to ruminant diets is the most effective method of
providing positive benefits to the fatty acid composition of
their products (Chikwanha et al., 2018).

Lamb meat is an important source of conjugated linoleic
acid (CLA), n-3 fatty acids, and other unsaturated fatty acids
(UFAs), and it is rich in saturated fatty acids (SFAs). The ra-
tio of SFA to UFA is measured using a number of indices and
evaluated in terms of health such as the risk of vascular and
coronary diseases (Barahona et al., 2016). Likewise, foods
containing fatty acids low in the ratio of poly-unsaturated
fatty acids (PUFAs) to SFAs and high in the ratio of n-6 to n-3
cause unbalanced fatty acid intake in human diets. Healthier
products, which are associated with general well-being, are
preferred by consumers (De Smet and Vossen 2016). It has
caught consumers’ attention that CLA, particularly ¢9, t11
and t10, c12 isomers, have healthy nutritional effects. Thus,
there has been a tendency to improve the fatty acid content
of meat by modifying the diet (Scollan et al., 2017). The fat
content of meat affects the physical and chemical traits of the
meat products (Wood et al., 2008). Consumers pay attention
to sensory and visual characteristics when preferring quality
meat as well as the fat content (Sousa et al., 2022).
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There are PUFAs, including CLAs, obtained from the
biohydrogenation of UFAs by the microbiota in the rumen
(Sousa et al., 2022). However, a substantial proportion of the
UFA from dietary lipids is saturated by hydrolysis and bio-
hydrogenation and passes into the duodenum and tissues as
SFA. Dietary lipids can be protected with calcium soaps to
improve meat quality by increasing the proportion of health-
important fatty acids in meat by bypassing UFAs from bio-
hydrogenation in the rumen (Salinas et al., 2006; Bhatt et al.,
2020).

Numerous studies have been carried out to improve lamb
productive performances, such as carcass traits and meat
quality. However, these studies have mostly used protected
or unprotected vegetable oil supplementation compared to
tallow-fat sources. The production of calcium soaps from tal-
low is cost-effective and similar to the process used for palm-
oil-derived calcium soaps. Tallow-based calcium soaps have
a granulated—solid structure that allows easy blending with
ration components. This provides increased resistance to ox-
idation and offers the recognized digestive and physiologi-
cal benefits associated with rumen-protected lipids in animal
nutrition (Salinas et al., 2006). The production of calcium
soap from tallow involves a saponification reaction, where
tallow reacts with calcium hydroxide, resulting in the for-
mation of granulated—solid calcium soaps and glycerol. Af-
ter separation and purification processes, the dried calcium
soaps become suitable for incorporation into animal feed.
The tallow’s calcium soaps protect fatty acids from biohy-
drogenation, allowing some unsaturated fatty acids to bypass
microbial activity in the rumen and pass into the small intes-
tine. This enhances the absorption and utilization of unsatu-
rated fatty acids by the ruminant for energy and physiological
functions.

The study hypothesizes that supplementing the diet of
lambs with tallow fat characterized by high unsaturated fatty
acids and protected with calcium soap will lead to a dis-
cernible improvement in meat quality, including nutritional
composition, such as fatty acid content, and sensory at-
tributes. The economic impact of the results obtained was
also assessed. The objective of the study was to determine the
effects of protected tallow fat supplemented to the ration on
fattening performance, carcass traits, meat quality, and fatty
acid composition of Tuj lambs.

2 Material and methods

2.1 Animals, diets, and facilities

Forty-five 8-month-old fat-tailed Tuj lambs were kept in pens
within a feedlot that had a covered area and shade for food,
at the Sheep Farm of Food and Livestock Animals Appli-
cation and Research Centre (GHUAM) at Atatiirk Univer-
sity, Erzurum, Tiirkiye. The lambs were fattened for 73 d of
the experiment after 14 d of adaptation to the experimental
diet and feedlot conditions. After the adaptation period, the
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Table 1. Formulation and chemical compositions of the diets of
groups.

Item Protected tallow-fat inclusion
[g per kg DM]
0 20 40

Ingredient [g per kg DM of diet]

Barley 464.3 4549 4455
Meadow grass 285.8 279.8 274.1
Soybean meal 157.1 154.0 150.8
Wheat bran 78.6 71.0 75.4
Dicalcium phosphate 7.1 7.0 6.9
Salt 7.1 7.0 6.9
Ca soaps of fatty acid - 20.3 40.4
Chemical composition [%]

Dry matter 87.9 88.0 88.1
Crude fiber 17.8 17.3 17.4
Crude protein 12.4 12.4 12.1
Starch 27.0 26.7 26.0
Ash 9.0 8.9 8.8
Ether extract 2.4 33 4.4
Ca 0.26 0.34 0.45
ME [kcalkg™!] 2530 2600 2640

ME: metabolizable energy, DM: dry matter.

lambs were introduced to the experiment. The lambs, which
had similar live weights, were divided into three groups and
were fed together. The control group was fed ad libitum con-
centrate feed, while the remaining two groups received ad
libitum concentrate feed with 20 g per kg dry matter (DM)
protected fat and 40 g per kg DM protected fat (Table 1). The
study used tallow obtained from a private company’s produc-
tion as the protected fat. The tallow is characterized by high
content of unsaturated fatty acids and protected by calcium
soaps (Table 2). The protected fat is homogeneously mixed
into the concentrated feed. The tallow protected with calcium
soaps had 85 % crude fat, 8 % calcium, 4 % moisture, and
energy of 7228 kcal per kg metabolizable energy (ME). The
daily feed conversion rate of the lambs was recorded. Lambs’
live weight was recorded every 14 d until the day before they
were slaughtered.

2.2 Slaughtering and tissue sampling

Eight lambs from each group were randomly selected and
slaughtered at a commercial slaughterhouse following a 12h
fast for three consecutive days. The eight animals selected
for the experiment were determined by the Power-G anal-
ysis method, which considered factors such as animal wel-
fare and cost-effectiveness. The average weight recorded on
these three days was determined as the slaughter weight.
The lambs were slaughtered, and the inedible parts, such
as offal, feet, tail, skin, and head, were separated. The sep-
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Table 2. Fatty acid composition of experimental diets.

Item Concentrated mix  Protected tallow fat

Fatty acid composition [g per 100 g fatty acids]

C14:0 0.17 3.09
Cl4:1 - 0.33
C16:0 10.04 27.51
Cle6:1 - 1.87
C17:0 - 1.22
C18:0 2.47 22.36
C18:1n9¢ 27.16 36.36
C18:2n6¢ 53.95 3.90
C18:3n3 3.93 -
C20:1 0.28 -
C20:3n3 0.38 -
C20:5n3 0.58 -
C22:0 0.12 0.18
C22:6n3 0.09 -
Others 0.83 3.18
SFA 13.30 57.06
MUFA 27.94 39.02
PUFA 58.75 3.90

SFA: saturated fatty acid, MUFA: mono-unsaturated fatty acid, PUFA:
poly-unsaturated fatty acid.

arated parts were weighed. The hot carcass weight (HCW)
was recorded before halving the carcass. The half-carcasses
were then stored in a chilled chamber at 4 °C for 24 h, af-
ter which the weight of the cold carcass was determined by
weighing the left side of each carcass. The commercial cate-
gories for the left-half sides were divided based on anatomi-
cal regions, such as the rib and loin, forearm, leg, breast, and
neck. Quantitative assessments were conducted to measure
the surface area of the longissimus thoracic (LT) muscle and
the fat thickness. Measurements were taken from the trans-
verse section between the 12th and 13th ribs, extending later-
ally to the vertebral column. The carcasses were evaluated for
marbling, yield grade, and proportion of boneless retail cuts
(Boggs and Merkel, 1984). Marbling was quantitatively eval-
uated by assessing the intramuscular fat deposition in the LT
muscle, utilizing predefined standards and employing a nu-
merical scoring system, where scores ranged from 1 (trace)
to 6 (abundant).

2.3 Meat quality measurements

The samples were stored at a temperature of +4 °C and sub-
sequently transferred to the Laboratory of the Department of
Animal Science at Atatiirk University. Before meat quality
measurements, samples were stored at —20 °C. The frozen
samples were then gradually thawed for analysis.

The pH levels of the LT muscles were determined by di-
rect probe measurements using a SCHOTT Lab Star pH me-
ter on freshly cut surfaces. Color parameters of the LT mus-
cles were assessed 24 h postmortem at identical locations and
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following 30 min of exposure to air. A Minolta colorimeter
device (CR-400) was employed for the objective quantifica-
tion of CIELAB brightness (L*), green—red color (a*), blue—
yellow color (b*), hue angle (H), and chrome (C) values.
The evaluation of dry matter, ether extract, and crude pro-
tein content in the LT muscle was conducted in adherence to
AOAC (1999).

The meat samples were cooked in a water bath at 90 °C un-
til the internal temperature reached 70 °C for sensory evalua-
tion. The samples were divided into two subsamples, one for
weight assessment to determine cooking losses and measure
Warner—Bratzler shear force (WBS) and the other for sen-
sory panel evaluation. The cooking loss and WBS analysis
were conducted in accordance with the protocol by Turkyil-
maz and Esenbuga (2022), as modified by the guidelines es-
tablished by AMSA (2015). The weight losses resulting from
the cooking process were determined by measuring the sam-
ples before and after cooking, and the differences between
these weights were calculated. The results obtained were
then used to express the cooking losses. Subsequently, the
samples were cut with a 12.7 mm cylinder, a hollow punch,
and an industrial drill. Then, the Warner—Bratzler shear force
blade, equipped with a 60° angled cutting edge, was used to
determine the WBS. The cutting process was recorded, and
the WBS was determined. The cutting process was recorded,
and the WBS was determined in kilograms (kgcm™3) as the
average of six values per sample, with the lowest and highest
values of the measurement removed to ensure the reliabil-
ity of the results. Sensory analysis was conducted through
panelists’ ratings of flavor (from intense mutton flavor to in-
tense lamb flavor), tenderness (from extremely tough to ex-
tremely tender), juiciness (from extremely dry to extremely
juicy), and overall acceptability (from extremely low accept-
ability to extremely high acceptability) on a nine-point hedo-
nic scale. The panel members also determined the number of
chews before swallowing.

Total lipid extraction and transmethylation procedures de-
scribed by Tiirkyilmaz and Esenbuga (2022) were performed
to determine the fatty acid composition of intramuscular
adipose tissue of longissimus thoracic (LT) muscles. The
quantification of fatty acid methyl esters (FAMEs) within
the intramuscular adipose tissue was carried out using gas
chromatography (GC) on a Perkin Elmer Clarus 500 instru-
ment equipped with a flame ionization detector (FID). A
capillary column, specifically CP-Sil 88, measuring 100 m
in length, with a 0.25um inner diameter, and featuring a
0.20 um thick film was utilized. Helium, maintained at a flow
rate of 1.0 mL min~", served as the carrier gas. The oven tem-
perature program was set to between 70 and 240 °C.

The fatty acid composition determination in this study in-
volved a meticulous process. Each sample (1 uL) was in-
jected into the chromatograph using an auto-sampler. To
align retention times for individual fatty acids and en-
sure accuracy in our assessments, we used the Supelco™
Component FAME Mix chromatography standard (category
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no. 18919, Supelco, Bellefonte, PA). The fatty acid content
was quantified by expressing peak areas in the chromatogram
as a percentage relative to the total fatty acid content (g per
100 g of total fatty acids). Key indices, including the athero-
genicity index (AI) and thrombogenicity index (TI), were
also calculated using the well-established methodology out-
lined by Ulbricht and Southgate (1991). The activity of A°-
desaturase (C16 and C18) was assessed using the protocol
proposed by De Smet et al. (2004). Additionally, the elon-
gase index and hypocholesterolemic / hypercholesterolemic
(h / H) ratio were calculated following the procedures out-
lined by Santos-Silva et al. (2002).

2.4 Economic assessments

The gross profit analysis, taking into account revenues and
expenses, was determined based on live and carcass sale
weights. The economic assessments were made using lamb
prices obtained by GHUAM,; feed costs (including concen-
trate and protected fat) by a commercial company; and car-
cass prices by the National Red Meat Council (UKON), a
Turkish organization, at the time of the study.

2.5 Statistics

The experimental design was completely randomized using
45 lambs and three levels of protected fat. The general linear
model of the SPSS (2013) package was used for statistical
analysis. A mathematical model that accounted for the ef-
fects of protected fat at different levels was used to analyze
data on fattening performance, slaughter traits, meat quality,
and fatty acid composition. The number of slaughtered lambs
was determined by performing a Power-G analysis, consid-
ering animal welfare. The mathematical model is

Yij = p+ai +B(Xij — X) +eij, ey

where Y;; is the dependent variable value observed, u is the
overall average of the treatments used in the study, «; is the
fixed effect of diet (i: 0, 20 and 40 g per kg DM), B(X;; — X)
is the effect of covariance, and ¢;; is the error of the exper-
iment. Polynomial analysis was used to determine whether
the increase in protected fat levels in the diets tended towards
a linear (L) or quadratic (Q) trend. The Kruskal-Wallis test
was used to verify the statistical analysis of sensory proper-
ties. Duncan’s multiple range test was used to assess statisti-
cal differences between means.

3 Results

Mean values of fattening performance variables for Tuj male
lambs are shown in Table 3. Average daily weight gain
(p <0.01) and final weights (p < 0.05) were significantly
higher between groups with similar initial weights. In line
with this increase, the feed conversion ratio was significantly
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Table 3. Effects of protected fat on fattening performance on Tuj
lambs.

Variable Protected tallow-fat inclusion SEM P
[g per kg DM]
0 20 40

Fattening performance [kg]

Initial weight 29.455  30.799 30.102  1.295 0.763
Final weight 42273 48.636* 45.889%P  1.403 0.020
Average daily gain 0.193b 0.2612 0.248*  0.008 <0.001
Dry matter intake 1.18 1.35 1.25  0.139 0.787
Feed conversion* 6.13b 5.162 5.05*  0.176  <0.001

2.b Means in rows with different superscripts are significantly different. * The amount of feed
consumed for 1 kg of live weight gain. DM: dry matter, SEM: standard error of means,
P: significance value.

affected (p < 0.01) by the protected fat addition, although
the dry matter intake of all lamb groups was similar.

The addition level of protected fat affected most of the
carcass characteristics, except for the carcass quality indica-
tors (Table 4). The carcass weights were increased by about
15 % in 20 g per kg added group (p < 0.05), while the lambs
with an added 40 gkg™! were found to be similar to the
control group. Although the dressing of lambs fed with the
added fat was higher than the control group, the differences
between groups were statistically insignificant. The lambs
with the highest percentage of tail fat were the control group
(p < 0.01). However, there were no significant differences
between groups in terms of the tail fat weight.

The pH values in all lamb groups were found to be be-
tween 5.4 and 5.6, as it should be in meat for consumption
(Sanudo et al., 2007), and there was no significant change
from the 24th hour to the 120th hour (Table 5). Likewise,
chemical compositions such as crude protein, ether extract,
and dry matter were not influenced by the inclusion of pro-
tected fat in the diet.

Sensory evaluations were an important trait in terms of
consumer satisfaction (Warriss, 2000). The results in the
study showed that the addition of protected fat in the diet
did not affect the evaluation scores for different sensory traits
(Table 6).

The composition of fatty acids contributes to important
aspects of meat quality and plays an important role in im-
proving its functional value (Webb et al., 2022). The fatty
acid composition (% of total fatty acid) of lambs fed differ-
ent levels of protected fat is shown in Table 7. As increas-
ing protected fat level in the diets, C18:1n9c (oleic acid),
C18:2n6¢ (linoleic acid), and C18:3n6 (GLA) increased in
a quadratic fashion (p < 0.05), while C16:0 (palmitic acid)
and C18:0 (stearic acid) tended to decrease although not
statistically significantly. The groups with added protected
fat in the diet had a lower (p < 0.05) proportion of C14:0
(myristic acid) compared to the control diet. Also, the addi-
tion of protected fat to the lamb diet led to a linear increase
(p < 0.05) in C18:1n9t (elaidic acid) and CLA (c9, t11). The
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Table 4. Effects of protected fat on slaughter traits and carcass char-
acteristics of Tuj lambs.

Table 5. Effects of protected fat on pH, color, and chemical com-
position of LT muscles.

Variable Protected tallow-fat inclusion ~ SEM P

[g per kg DM]

0 20 40
Slaughter traits [kg]
Slaughter weights 46.82° 51862 46.72° 1.698 0.031
Hot carcass 22,08 25.58% 22.48> 0.902 0.035
Cold carcass 21.80> 25142 22.12> 0913 0.045
Dressing [%] 4646 4827 4733 0345 0.691
Feet 0.949 0953  0.886 0.029 0.229
Head 2648 2809  2.652 0.103 0.472
Skin 5822  6.183 5518 0.446 0.587
Offal 1.609 1708 1576 0.057 0.270
Testicle 0327 0333 0259 0.035 0.288
Kidney 0.159  0.184  0.181 0.019 0.603
Carcass components [kg]
Forearm 3.24 3.52 3.06 0.123 0.057
Leg 6.50> 7542 644> 0284  0.029
Neck 3.06 3.48 3.16  0.152 0.171
Rib and loin 2700 3.00% 3322 0.109 0.006
Breast 287 3612 295 0150  0.009
Tail fat 3.33 3.89 3.10 0.167 0.119
Carcass components [%]
Forearm 14912 1413 1381> 0.120 <0.001
Leg 2078 30.25% 29.09° 0.137 <0.001
Neck 1401 1392 1426 0.140 0.242
Rib and loin 1239 12.06® 15.01* 0.170 <0.001
Breast 13.17°  1445% 13320 0.148  <0.001
Tail fat 16.10°  15.56° 15.24®>  0.159 0.007
Carcass quality
Marbling score 4.0 35 34 044 0.596
LT area [cm?] 16.5 16.7 169 141 0.659
Fat thickness [mm)] 8.0 7.2 78  1.60 0.935
Yield grade 3.6 32 35 062 0.930
Retail cut [%] 444 45.0 446 110 0.934

4. Means in rows with different superscripts are significantly different. SEM: standard error of
means, P: significance value, SEM: standard error of means, LT: longissimus thoracic.

content of C18:3n3 («-linolenic acid, ALA), C20:5n3 (eicos-
apentaenoic acid, EPA), and C22:6n3 (docosahexaenoic acid,
DHA), which are the main n-3 fatty acids, were found to be
similar between groups.

The study showed that adding protected fat at both lev-
els increased the MUFA content and decreased the SFA con-
tent (Table 8). Lambs fed both levels of protected fat had
decreased SFAs and increased MUFAs (p < 0.05), while
PUFA levels remained unchanged. Although the 20 g per kg
added group had a significantly higher MUFA /SFA ratio
(p < 0.05), the desired increase in the PUFA / SFA ratio was
not observed. The thrombogenicity index (TI) and athero-
genicity index (AI), which are used to express the effects of
fatty acid composition on human health (Ulbricht and South-
gate, 1991), showed a significant positive effect of both levels
of protected fat. was The A°-desaturase C18 index showed a
significant linear increase (p < 0.01). However, no changes
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Variable Protected tallow-fat inclusion SEM P
[g per kg DM]
0 20 40

24th hour

pH value 5.47 5.54 561 0.054 0.215
L* (lightness) 34.01 33.93 3472 0394 0.306
a* (redness) 14.54 14.84 15.15 0.348 0.470
b* (yellowness) 421 4.48 441 0372 0.867
Hue angle 15.20 15.57 15.84 0357 0.974
Chrome value 16.19 16.59 16.23  1.343 0.456
72nd hour

pH value 5.49 5.55 5.54 0.032 0.371
L* (lightness) 35.38 33.62 3445 0492 0.052
a* (redness) 16.50 15.04 15.69 0418 0.056
b* (yellowness) 4.782 3.98P 42030 0217  0.039
Hue angle 17.21 15.58 16.28 0431 0.277
Chrome value 1626* 1472 15228b 0681 0.036
120th hour

pH value 5.48 5.55 553 0.026 0.135
L* (lightness) 35.14 33.86 3443 0.535 0.251
a* (redness) 15.84 16.26 17.95 1366 0.521
b* (yellowness) 3.98 4.06 4.05 0218 0.967
Hue angle 16.34 16.76 1844 1365 0.642
Chrome value 14.09 14.00 1336 0.599 0.525

Chemical composition [g per 100 g LT muscle]

Crude protein [%] 21.93 21.60 21.87 0.574 0.909
Ether extract [%] 3.15 3.10 3.68 0.260 0.259
Dry matter [%] 25.38 24.76 2492 0515 0.688

2 Means in rows with different superscripts are significantly different. SEM: standard error of means,
P: significance value, LT: longissimus thoracic.

Table 6. Effects of protected fat on sensory evaluation of LT mus-
cles.

Variable Protected tallow-fat inclusion ~ SEM P
[g per kg DM]
0 20 40
Tenderness 5.7 54 59 0.24  0.345
Juiciness 5.4 5.6 6.1 024 0.137
Flavor 5.8 5.9 5.4 022 0.262
Overall acceptability 5.8 5.6 5.7 022  0.758
The number of chews 252 232 22.7 1.85 0.121
Cooking loss [%] 25.6 23.7 23.8 145 0.090
WBS [kgem™2] 4.02 4.05 412 0.336 0976

‘WBS: Warner—Bratzler shear force, P: significance value, SEM: standard error of means,
LT: longissimus thoracic.

were observed in the A%-desaturase C16 index and elongase
activity index. Also, the h /H index increased significantly
(p <0.05).

The gross profit analysis for fattening with protected fat
supplemented rations is shown in Table 9. Although total
feed costs were higher in protected fat addition groups de-
pending on the consumption and protected fat costs, the gross
profit obtained from these groups was increased. On the other
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Table 7. Effect of protected fat on fatty acid composition of LT muscles.

Content Protected tallow-fat inclusion SEM P L (0]
[g per 100 g of total fatty acids] [g per kg DM]
0 20 40

C10:0 0.162 0.112 0.126 0.026 0.396 0.343 0.331
C12:0 0.308 0.236 0476 0.101 0262 0.261 0.230
C13:0 0.072 0.084 0.066 0.009 0374 0.641 0.192
C14:0 16.0722 9.782> 10980 1255 0.009 0.014 0.031
Cl14:1 1.358 1.734 1.346  0.193 0306 0.966 0.132
C15:0 0.102 0.092 0.090 0.026 0940 0.747 0.901
C15:1 1.220 1.110 1.330 0.225 0.791 0.736 0.561
C16:0 19.130 18.872 17.602 1.187 0.633 0381 0.734
Cl6:1 0.422 0.398 0.292 0.076 0.456 0.247 0.665
C18:0 18.108 17.876 16.834 0476 0.156 0.061 0.818
C18:1n9t 2.834b 2.070° 4.748% 0.575 0.018 0.037 0.031
C18:1n9¢c 24.130°  30.6422  25.784> 1619 0.037 0484 0.014
C18:2n6t 1.482 1.318 1.384 0.105 0.557 0.523 0.390
C18:2n6¢ 3.590° 5.620 4.196° 0352 0.005 0247 0.002
9, t11 CLA 0.582°  0.604>  1.186% 0.144 0.019 0.012 0.138
t10, c12 CLA 0.288 0.230 0.392 0.057 0.169 0.222 0.141
C18:3n3 0.428 0.544 0.658 0.117 0411 0.191 0.995
C18:3n6 0.128° 0.236% 0.1742>  0.031 0.087 0318 0.046
C20:2 0.074 0.052 0.048 0.010 0.187 0.093 0.479
C20:3n3 0.208 0.308 0.326 0.054 0.288 0.148 0.547
C20:3n6 0.058 0.068 0.036 0.021 0565 0476 0.434
C20:4n6 2.856 2.280 2336 0.348 0459 0312 0473
C20:5n3 0.204 0.320 0.258 0.059 0.408 0.530 0.242
C22:2 0.4443 0.114° 0.174°®  0.078 0.024 0.030 0.063
C22:5 0.330 0.546 0480 0.142 0560 0.469 0.433
C22:6n3 0.168 0.180 0.160 0.056 0968 0.921 0.818
C23:0 0.238 0.180 0.176  0.039 0.482 0.288 0.586
C24:0 0.030 0.026 0.028 0.007 0918 0.839 0.726
C24:1 0.074 0.058 0.070 0.011 0.576 0.801 0.317
Others 6.054 5.652 5746 0.143 0.281 0.209 0.323

b Means in rows with different superscripts are significantly different. SEM: standard error of means, P: significance value, L: linear,

Q: quadratic, DM: dry matter, CLA: conjugated linoleic acid, LT: longissimus thoracic.

hand, lamb carcasses in the protected fat added groups had
relatively higher sale revenues and gross profit. All groups
had similar profit margins for carcass weights, but for live
weight sales, the lambs with added protected fat in the diet
had better results.

4 Discussion

The lambs supplemented with protected fat showed the best
feed conversion efficiency, with those in the 40 g per kg DM
group consuming 18 % less feed per kg of weight gain. How-
ever, Gravador et al. (2020) reported that protected plant-
derived products supplementation did not have an effect on
fattening performance in Texel x Scottish Blackface cross-
breed lambs.

The rib and loin weights, considered the most valuable part
in terms of carcass components, were found to be higher in
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the lambs with an added 40 gkg~! protected fat compared to
other dietary groups. In many studies, feeding with added fat
did not affect fat thickness, yield grade, and retail cut (Castro
et al., 2005; Arana et al., 2006; Salinas et al., 2006; Kitessa et
al., 2009; Mierlita et al., 2010; Bhatt et al., 2020), and similar
results were found in this study.

The pH value is quite an important indicator for meat qual-
ity because it is affected by glycogenolysis in the muscle af-
ter the slaughter process and a subsequent increase in lactic
acid, known as rigor mortis. The effect on the pH value leads
to influence other parameters, such as color and sensory eval-
uations (Oliveira et al., 2014; Shange et al., 2018). After the
slaughtering, pH values can usually drop to 5.2 due to rigor
mortis in the muscles. This decrease in pH value points out
the lactic acid accumulation. The results obtained in the study
are similar to several other studies (Kitessa et al., 2009; Es-
enbuga et al., 2011; Castro et al., 2016).
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Table 8. Effect of protected fat on sums of fatty acids and healthy indicators of LT muscles.

Variable [%] Protected tallow-fat inclusion SEM P L (0]
[g per kg DM]
0 20 40
SFA 52.182%  46.476> 48.922  0.958 0.004 0.033  0.005
MUFA 30.038°  36.0122  33.57% 1390 0.032 0.098  0.029
PUFA 11.446 11.86  11.762  0.901 0.944 0.808 0.821
MUFA / SFA 0579  0.776*  0.688% 0.034 0.006 0.046  0.006
PUFA /SFA 0.219 0.256 0.241  0.020 0.454 0.455 0317
UFA/SFA 0.799®  1.0322  0.929% 0.037 0.003 0.029 0.003
n-3 1.65 1.53 1.99  0.332 0.625 0.486  0.510
n-6 10.932 8.87° 7.90°  0.582 0.011 0.004  0.530
n-6/n-3 6.828  597&b 4.66° 0.584 0.063 0.022  0.746
Al 1.432 1.01b 1.125 0071 <0.001 0.005  0.006
TI 1.96? 1.67° 1.73% 0047 <0.001 0.002  0.006
A%-desaturase C16 2.19 1.51 1.99 0.332 0.346 0.685 0.165
A%-desaturase C18 58.43>  61.09°  66.022 1268 <0001 <0.001 0.150
Elongase index 69.75 70.94 69.91 0.974 0.656 0910 0372
h/H 0.98° 1.292 1.06°  0.068 0.017 0.406  0.006

b Means in rows with different superscripts are significantly different. SEM: standard error of means, P: significance value,

L: linear, Q: quadratic, DM: dry matter, LT: longissimus thoracic, SFA: saturated fatty acids, MUFA: mono-unsaturated fatty acids,
PUFA: poly-unsaturated fatty acids, UFA: total unsaturated fatty acids, n-3: omega-3 fatty acids, n-6: omega-6 fatty acids, Al:
atherogenic index, TI: thrombogenic index, A%-desaturase C16 = [100 x (C16:1)/(Cl16:1 + C16:0)], A9-desaturase C18 = [100 x
(C18:1)/(C18:1 + C18:0)], elongase index = 100 x [(C18:1n9¢ + C18:0)/(C16:1 4+ C16:0 4+ C18:1n9¢c + C18:0)], h/H =
(C18:1n9¢ + C18:2n6t + C18:3n3 + C20:4n6 + C20:5n3 + C22:5n3 + C22:6n3)/(C14:0 4 C16:0).

Table 9. Effects of supplementing protected fat on gross profit
(USD) of Tuj lambs.

Variable Protected tallow-fat inclusion P
[g per kg DM]
0 20 40

Total lamb cost 95.2 97.8 95.5 0.895
Total feed cost 21.5b 25.0% 24.7*  <0.001
Live weights sale

Total revenue 136.1° 15442 150.32 0.037
Gross profit 25.9° 4092 39.08  <0.001
Profit margin 0.18"  0.25° 0.25*  <0.001
Carcasses sale

Total revenue 142.3 162.7 144.3 0.068
Gross profit 355 49 44.6 0.156
Profit margin 0.04 0.05 0.05 0.338

.b: Means in rows with different superscripts are significantly different. P:
significance value, DM: dry matter.

The pH values show that the lambs were not exposed to
stress before slaughter and that glycolysis did not increase
after slaughter (Alba et al., 2021). The inclusion of protected
fat in the diet did not adversely affect the pH value of the
lamb meats. Therefore, no undesirable results were found in
the color parameters.
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In agreement with the findings of Gravador et al. (2020),
sensory traits were not affected by the inclusion of protected
fat in the diet. WBS value is a decisive factor in measuring
tenderness. The meat with a WBS of less than 2.27 kgem ™3
is evaluated as tender, between 2.27 and 3.63 kg cm3 is eval-
uated as medium, between 3.63 and 5.44 is evaluated as
tough, and higher than 5.44 is evaluated as extremely tough
(Valenga et al., 2020). Consistent with studies on the inclu-
sion of protected fat in the diet, WBS value was evaluated as
tough in all lamb groups, and it was determined that the addi-
tion of protected fat had no effect on meat tenderness (Castro
etal., 2016; Alba et al., 2021).

The intake of different levels of protected fat had a sig-
nificant effect on the important fatty acids, especially on the
total amount of fatty acids, in Tuj lamb meat. The content of
CLA (c9, t11) linearly increased by 104 % with protected fat
addition to the diet. This enhanced could be ascribed to the
quadratic decrease in linoleic acid, which is conjugated by
partial biohydrogenation in the rumen, increasing the addi-
tion level to 4 % in the diet. Contrary to long-standing crit-
icism that animal fats promote chronic disease, there is in-
creasing interest in CLA as a result of numerous animal stud-
ies attributing to CLA with beneficial health properties, such
as improving immune function and reducing the risk of can-
cer, atherosclerosis, and diabetes (Webb and O’Neill, 2008;
den Hartigh, 2019; Basak and Duttaroy, 2020).

However, as increasing protected fat levels in the diets, the
content of major unsaturated fatty acids, including oleic acid
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and linoleic acid, exhibited a quadratic trend reaching the
highest level in the 20 g per kg added group. A quadratic
increase in MUFAs was observed as the addition level of
protected fat increased, depending on insignificant changes
in minor MUFAs and significantly changes in oleic acid and
elaidic acid. The results show that oleic acid, linoleic acid,
GLA, and partially myristic acid and EPA showed a quadratic
increase rather than a linear increase, which, similarly to
MUPFAs, may be due to the optimal dose effect. The conver-
sion of dietary fatty acids in the rumen and other gastroin-
testinal tissues could be affected by the intake dose. Statis-
tically significant increases in elaidic acid and CLA, as well
as marginal increases in myristic acid and EPA, may serve
as indicators of this effect. The inclusion of protected fat in
the diets exhibited neither a linear nor a quadratic effect on
the contents of palmitic acid and stearic acid. Contrastingly
to MUFAs, a quadratic decrease in SFAs was found despite
insignificant differences in palmitic acid and stearic acid, the
major SFAs, but this is probably due to the significant de-
crease in myristic acid, which is hypercholesterolemic and
associated with cardiovascular disease and type 2 diabetes.
In the studies that examined the effect of protected fat feed-
ing on the fatty acid composition of lamb meat, it was found
that there were no significant differences in the concentra-
tion of myristic acid, palmitic acid, and stearic acid (Elmore
et al., 2005; Arana et al., 2006; Kitessa et al., 2009), while
feeding with unprotected fat was reported to decrease them
(Valengna et al., 2020; Alves da Costa et al., 2020), similarly
to the present study.

Although there was no decrease in PUFAs, and even
a marginal increase, with the addition of protected fat
to the diet, no significantly increase was observed in the
PUFA /SFA ratio as expected. The PUFA/SFA ratio was
found to be below the recommended value of at least 0.4 by
nutritionists. However, red meat generally has a ratio on the
order of 0.1, and it can be deduced that the ratio obtained in
the study is close to the desirable value (Webb and O’Neill,
2008). As a result of the protection of unsaturated fatty acids
in the fat content of the diet with the addition of protected
fat by Ca soap, it may pass from the rumen to the small in-
testine and muscle tissues at a high rate without undergoing
hydrolysis and biohydrogenation processes.

Nutritionists have also focused on the dietary balance be-
tween n-3 and n-6 fatty acids formed from PUFAs, such as
ALA and linoleic acid. It is preferred that the ratio of n-6/n-3
is lower than 4 because it causes adverse effects on cardiovas-
cular diseases, cancer, inflammation, and immune systems,
especially blood coagulation, leading to heart attack (Ruxton
et al., 2007). In the study, it was observed that this ratio de-
creased and approached the desired level with the addition of
protected fat (p < 0.05), mostly due to the significant linear
decrease in the n-6 ratio (p < 0.01). However, there was no
significantly increase in the total n-3 fatty acid ratio since the
protected fat addition did not affect the main n-3 fatty acids
in Tuj lambs.
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The values of the control group exceeded desirable ranges
for the TI and the AIL. However, this study determined that the
addition of protected fat reduced (p < 0.01) Al and TI levels,
bringing them close to the upper limit (Al < 1.0; TI < 1.3)
specified by Quifiones et al. (2019). The obtained low in-
dex values in this study align with the values required for
increased protection against coronary diseases. A linear in-
crease in A°-desaturase C18 activity was observed with the
addition of protected fat. It is known that the A°-desaturase
C18 is involved in the conversion of C18:1 to CLA in the tis-
sues of ruminants (Alves da Costa et al., 2020). A h / H ratio
of less than 2.0 is considered optimal for promoting positive
modulation of cholesterol transport mechanisms by lipopro-
teins and preventing cardiovascular diseases (Alba et al.,
2021).

5 Conclusions

The intake of different levels of protected fat had a significant
effect on some important fatty acids, especially on the total
amounts of fatty acids, in Tuj lamb meat. The addition of
protected fat resulted in a 104 % increase in CLAs (c9, t11)
and a 39 % decrease in myristic acid. Similarly, an increase
in MUFAs of 20% and a decrease in SFAs of 11 % were
observed with the addition of protected fat.

Meat obtained from lambs fed rations supplemented with
protected fat showed improved nutritional properties due to
significant positive changes observed in fatty acid compo-
sition, including CLA, SFA, n-6/n-3 ratio, and Al and TI
indexes. Moreover, no adverse effects were obtained in the
physical, chemical, or sensory traits. The results also showed
that the enrichment of lamb diets with protected fat from cal-
cium soap enhanced the fattening performance and carcass
traits and also provides economic advancement.

The results of the study could provide a contribution to the
production of healthy and cost-effective lamb meat. Further
research is necessary to determine the effect of adding pro-
tected fat to pasture feed on meat quality in young lambs.

Data availability. The original data used in this study are available
from the corresponding author upon request.

Author contributions. DT and NE conceived the research idea,
analyzed the data, and fitted the models. DT and UD conducted the
animal trial and collected the data and analyzed the fatty acid profile
of the meat. SSO analyzed pH values and color parameters of the
meat samples. The first draft of the manuscript was written by DT,
and all authors commented on previous versions of the manuscript.
All authors read and approved the final paper.

https://doi.org/10.5194/aab-68-183-2025



D. Turkyilmaz et al.: Exploring the impact of protected fat on fattening performance 191

Competing interests. The contact author has declared that none
of the authors has any competing interests.

Ethical statement. The present experiment was decided that the
study is in accordance with the Atatiirk University Scientific Re-
search and Publication Ethics Directive (ID:2018/64).

Disclaimer. Publisher’s note: Copernicus Publications remains
neutral with regard to jurisdictional claims made in the text, pub-
lished maps, institutional affiliations, or any other geographical rep-
resentation in this paper. While Copernicus Publications makes ev-
ery effort to include appropriate place names, the final responsibility
lies with the authors.

Financial support. This research was supported by the Atatiirk
University Coordination Unit of Scientific Research Projects (grant
no. FDK-2018-6780).

Review statement. This paper was edited by Manfred Mielenz
and reviewed by two anonymous referees.

References

Alba, H. D. R., de Freitas Junior, J. E., Leite, L. C.,
Azevédo, J. A. G., Santos, S. A., Pina, D. S., Cirne, L. G. A.,
Rodrigues, C. S., Silva, W. P, Lima, V. G. O., Tosto, M. S. L.,
and de Carvalho, G. G. P.: Protected or Unprotected Fat Addition
for Feedlot Lambs: Feeding Behavior, Carcass Traits, and Meat
Quality, Animal, 11, 328, https://doi.org/10.3390/ani11020328,
2021.

Alves da Costa, C., Andrade, G. P. de, Maciel, M. do V., Lima,
D. M. de, Cardoso, D. B., Silva, G. G. da, Guim, A., and Car-
valho, F. F. R. de: Meat quality of lambs fed crude glycerin
as a replacement for corn, Small Ruminant Res., 192, 106245,
https://doi.org/10.1016/j.smallrumres.2020.106245, 2020.

AMSA: Research Guidelines for Cookery, Sensory Evalua-
tion, and Instrumental Tenderness Measurements of Meat,
2nd edn., American Meat Science Association Educational
Foundation, Champaign, IL, USA, https://meatscience.org/
docs/default-source/publications-resources/research- guide/
2015-amsa-sensory-guidelines- 1-0.pdf?sfvrsn=42d380b3_6
(last access: 4 March 2025), 2015.

AOAC: Official methods of analysis, 16th edn., Association of Offi-
cial Analytical Chemists International, Gaithersburg, MD, USA,
ISBN 978-0-935584-54-7, 1999.

Arana, A., Mendizabal, J. A., Alzén, M., Eguinoa, P., Be-
riain, M. J., and Purroy, A.: Effect of feeding lambs
oleic acid calcium soaps on growth, adipose tissue devel-
opment and composition, Small Ruminant Res., 63, 75-83,
https://doi.org/10.1016/j.smallrumres.2005.02.006, 2006.

Barahona, M., Olleta, J. L., Sanudo, C., Alberti, P., Panea, B., Pérez-
Juan, M., Realini, C. E., and Campo, M. M.: Effects of whole
linseed and rumen-protected conjugated linoleic acid enriched
diets on beef quality, Animal, 10, 709-717, 2016.

https://doi.org/10.5194/aab-68-183-2025

Basak, S. and Duttaroy, A. K.: Conjugated linoleic acid and its ben-
eficial effects in obesity, cardiovascular disease, and cancer, Nu-
trients, 12, 1913, https://doi.org/10.3390/nu12071913, 2020.

Bhatt, R. S., Soni, L. K., Sahoo, A., Gadekar, Y. P, and
Sarkar, S.: Dietary supplementation of extruded linseed and
calcium soap for augmenting meat attributes and fatty acid
profile of longissimus thoracis muscle and adipose tissue in
finisher Malpura lambs, Small Ruminant Res., 184, 106062,
https://doi.org/10.1016/j.smallrumres.2020.106062, 2020.

Boggs, D. L. and Merkel, R. A.: Live Animal Carcass Evaluation
and Selection. Manual, 2nd edn., Kendal and Hunt Publishing
Company, Dubuque, lowa, ISBN 10 084037609X, 1984.

Castro, T., Manso, T., Mantecon, A. R., Guirao, J., and Jimeno, V.:
Fatty acid composition and carcass characteristics of growing
lambs fed diets containing palm oil supplements, Meat. Sci., 69,
757-764, https://doi.org/10.1016/j.meatsci.2004.11.008, 2005.

Castro, T., Cabezas, A., De la Fuente, J., Isabel, B.,
Manso, T., and Jimeno, V.: Animal performance and meat
characteristics in steers reared in intensive conditions
fed with different vegetable oils, Animal, 10, 520-530,
https://doi.org/10.1017/S1751731115002554, 2016.

Chikwanha, O. C., Vahmani, P., Muchenje, V., Dugan, M. E. R., and
Mapiye, C.: Nutritional enhancement of sheep meat fatty acid
profile for human health and wellbeing, Food Res. Int., 104, 25—
38, https://doi.org/10.1016/j.foodres.2017.05.005, 2018.

De Smet, S. and Vossen, E.: Meat: The balance between
nutrition and health. A review, Meat Sci., 120, 145-156,
https://doi.org/10.1016/j.meatsci.2016.04.008, 2016.

De Smet, S., Raes, K., and Demeyer, D.: Meat fatty acid composi-
tion as affected by fatness and genetic factors: A review, Anim.
Res., 53, 81-98, https://doi.org/10.1051/animres:2004003, 2004.

den Hartigh, L. J.: Conjugated linoleic acid effects on can-
cer, obesity, and atherosclerosis: A review of pre-clinical and
human trials with current perspectives, Nutrients, 11, 370,
https://doi.org/10.3390/nu11020370, 2019.

Elmore, J. S., Cooper, S. L., Enser, M., Mottram, D. S., Sin-
clair, L. A., Wilkinson, R. G., and Wood, J. D.: Dietary manipu-
lation of fatty acid composition in lamb meat and its effect on the
volatile aroma compounds of grilled lamb, Meat Sci., 69, 233—
242, https://doi.org/10.1016/j.meatsci.2004.07.002, 2005.

Esenbuga, N., Macit, M., Karaoglu, M., Aksakal, V., Yoruk, M. A.,
Giil, M., Aksu, M. 1., and Bilgin, O. C.: A study on possi-
bility of Rosa canina seed use as feed ingredient in diets of
Morkaraman male lambs, Trop. Anim. Health Pro., 43, 1379—
1384, https://doi.org/10.1007/s11250-011-9857-6, 2011.

Gravador, R. S., Brunton, N. P, Fahey, A. G., Gkarane, V., Claf-
fey, N. A., Moloney, A. P., Diskin, M. G., Farmer, L. J., Allen, P.,
Casey, C., and Monahan, F. J.: Effects of dietary fat sources
on the intramuscular and subcutaneous adipose tissue fatty acid
composition, and consumer acceptability of lamb, J. Sci. Food.
Agr., 100, 21762184, https://doi.org/10.1002/jsfa.10242, 2020.

Kitessa, S. M., Williams, A., Gulati, S., Boghossian, V.,
Reynolds, J., and Pearce, K. L.: Influence of duration of supple-
mentation with ruminally protected linseed oil on the fatty acid
composition of feedlot lambs, Anim. Feed Sci. Tech., 151, 228-
239, https://doi.org/10.1016/j.anifeedsci.2009.02.001, 2009.

Liuyu, M. J., Y. Wang, Y. Y. Li, Q. Si, J. Bao, G. T.
Ge, Z. J. Wang, Y. S., and Jia, S. D.: Effects of al-
falfa and oat supplementation in fermented total mixed ra-

Arch. Anim. Breed., 68, 183—-192, 2025


https://doi.org/10.3390/ani11020328
https://doi.org/10.1016/j.smallrumres.2020.106245
https://meatscience.org/docs/default-source/publications-resources/research-guide/2015-amsa-sensory-guidelines-1-0.pdf?sfvrsn=42d380b3_6
https://meatscience.org/docs/default-source/publications-resources/research-guide/2015-amsa-sensory-guidelines-1-0.pdf?sfvrsn=42d380b3_6
https://meatscience.org/docs/default-source/publications-resources/research-guide/2015-amsa-sensory-guidelines-1-0.pdf?sfvrsn=42d380b3_6
https://doi.org/10.1016/j.smallrumres.2005.02.006
https://doi.org/10.3390/nu12071913
https://doi.org/10.1016/j.smallrumres.2020.106062
https://doi.org/10.1016/j.meatsci.2004.11.008
https://doi.org/10.1017/S1751731115002554
https://doi.org/10.1016/j.foodres.2017.05.005
https://doi.org/10.1016/j.meatsci.2016.04.008
https://doi.org/10.1051/animres:2004003
https://doi.org/10.3390/nu11020370
https://doi.org/10.1016/j.meatsci.2004.07.002
https://doi.org/10.1007/s11250-011-9857-6
https://doi.org/10.1002/jsfa.10242
https://doi.org/10.1016/j.anifeedsci.2009.02.001

192 D. Turkyilmaz et al.: Exploring the impact of protected fat on fattening performance

tions on growth performances, carcass characteristics, and
meat quality in lambs, Small Ruminant Res., 218, 106877,
https://doi.org/10.1016/j.smallrumres.2022.106877, 2023.

Macit, M., Karaoglu, M., Esenbuga, N., Kopuzlu, S., and
Dayioglu, H.: Growth performance of purebred Awassi,
Morkaraman and Tushin lambs and their crosses under semi-
intensive management in Turkey, Small Ruminant Res., 41, 177—
180, 2001.

Mierlita, D., Padeanu, 1., Daraban, S., Lup, F., Maerescu, C.,
and Chereji, 1.: Effect of dietary supplementation with differ-
ent types of protected fat on bioproductive performances and
quality of carcass in sheeps, Analele Universitdtii din Oradea,
Fascicula: Ecotoxicologie, Zootehnie si Tehnologii de Indus-
trie Alimentard, CABI Record Number: 20113173091, https:
/Iwww.cabidigitallibrary.org/doi/full/10.5555/20113173091 (last
access: 4 March 2025), 607-614, 2010.

Oliveira, A. F., Rodrigues, S., Leite, A., Paulos, K., Pereira, E.,
and Teixeira, A.: Short Communication: Quality of ewe and
goat meat cured product mantas. An approach to provide value
added to culled animals, Can. J. Anim. Sci. 94, 459462,
https://doi.org/10.4141/cjas2013-200, 2014.

Quifiones, J., Maggiolino, A., Bravo, S., Muiioz, E., Lorenzo, J. M.,
Cancino, D., Diaz, R., Saenz, C., Sepilveda, N., and
De Palo, P: Effect of canola oil on meat quality and
fatty acid profile of Araucano creole lambs during fat-
tening period, Anim. Feed Sci. Tech., 248, 20-26,
https://doi.org/10.1016/j.anifeedsci.2018.12.002, 2019.

Ruxton, C., Reed, S., Simpson, M., and Millington, K.: The
health benefits of omega-3 polyunsaturated fatty acids: a re-
view of the evidence, J. Hum. Nutr. Diet., 20, 275-285,
https://doi.org/10.1111/j.1365-277X.2004.00552.x, 2007.

Salinas, J., Ramirez, R. G., Dominguez, M. M., Reyes-Bernal, N.,
Trinidad-Larraga, N., and Montafio, M. F.: Effect of calcium
soaps of tallow on growth performance and carcass character-
istics of Pelibuey lambs, Small Ruminant Res., 66, 135-139,
https://doi.org/10.1016/j.smallrumres.2005.07.058, 2006.

Santos-Silva, J., Bessa, R. J. B., and Santos-Silva, F.: Effect of
genotype, feeding system and slaughter weight on the quality of
light lambs: II Fatty acid composition of meat, Livest. Prod. Sci.,
77, 187-194, https://doi.org/10.1016/S0301-6226(02)00059-3,
2002.

Sanudo, C., Alfonso, M., San Julian, R., Thorkelsson, G.,
Valdimarsdottir, T., Zygoyiannis, D., Stamataris, C., Piasen-
tier, E., Mills, C., Berge, P., Dransfield, E., Nute, G. R., Enser, A.,
and Fisher, A. V.: Regional variation in the hedonic evalua-
tion of lamb meat from diverse production systems by con-
sumers in six European countries, Meat Sci., 75, 610-621,
https://doi.org/10.1016/j.meatsci.2006.09.009, 2007.

Arch. Anim. Breed., 68, 183—-192, 2025

Scollan, N. D., Price, E. M., Morgan, S. A., Huws, S. A,
and Shingfield, K. J: Can we improve the nutri-
tional quality of meat?, P. Nutr. Soc., 76, 603-618,
https://doi.org/10.1017/S0029665117001112, 2017.

Shange, N., Makasi, T. N., and Gouws, P. A.: Hoffman, L. C.
The influence of normal and high ultimate muscle pH on the
microbi-ology and colour stability of previously frozen black
wildebeest (Connochaetes gnou) meat, Meat Sci., 135, 14-19,
https://doi.org/10.1016/j.meatsci.2017.08.006, 2018.

Sousa, S. V., Diogenes, L. V., Oliveira, R. L., Souza, M. N. S.,
Mazza, P. H. S., da Silva Juinior, J. M., Pereira, E. S., Par-
ente, M. O. M., Aratjo, M. J., de Oliveira, J. P. F., and Bez-
erra, L. R.: Effect of dietary buriti oil on the quality, fatty acid
profile and sensorial attributes of lamb meat, Meat Sci., 186,
108734, https://doi.org/10.1016/j.meatsci.2022.108734, 2022.

SPSS: IBM SPSS Statistics for Windows, Version 22.0. Armonk,
NY, IBM Corp, https://www.ibm.com/products/spss-statistics
(last access: 4 March 2025), 2013.

Turkyilmaz, D. and Esenbuga, E.: Improving the functional value
of meat quality by feeding with protected fat supplementa-
tion in Morkaraman lambs, Arch. Anim. Nutr., 76, 145-158,
https://doi.org/10.1080/1745039X.2022.2097825. 2022.

Ulbricht, T. L. V. and Southgate, D. A. T.: Coronary Heart-
Disease — 7 Dietary Factors, Lancet, 338, 985-992,
https://doi.org/10.1016/0140-6736(91)91846-M, 1991.

Valengca, R. de L., Silva Sobrinho, A. G. da, Romanzini,
E. P, Andrade, N. de, Borghi, T. H., Zeola, N. M.
B. L., Cirme, L. G. A., and Oliveira, S. V. da: Peanut
meal and crude glycerin in lamb diets: Meat quality and
fatty acid profile, Small Ruminant Res., 185, 106076,
https://doi.org/10.1016/j.smallrumres.2020.106076, 2020.

Warriss, P. D.: Meat science: an introductory text, Int. J.
Food Sci. Tech., 36, 449-449, https://doi.org/10.1046/j.1365-
2621.2001.0437a.x, 2000.

Webb, E. C. and O’Neill, H. A.. The
paradox and meat quality, Meat Sci.,, 80,
https://doi.org/10.1016/j.meatsci.2008.05.029, 2008.

Webb, E. C., Hassen, A., Van der Walt, L., and Pophiwa, P.: Ef-
fects of palm oil supplementation and fibrolytic enzymes in
high forage diets on growth, carcass characteristics and fatty
acid profiles of lambs, Small Ruminant Res., 210, 106652,
https://doi.org/10.1016/j.smallrumres.2022.106652, 2022.

Wood, J. D., Enser, M., Fisher, A. V., Nute, G. R,
Sheard, P. R., Richardson, R. 1., Hughes, S. I, and
Whittington, F. M.: Fat deposition, fatty acid composi-
tion and meat quality: A review, Meat Sci., 78, 343-358,
https://doi.org/10.1016/j.meatsci.2007.07.019, 2008.

animal fat
28-36,

https://doi.org/10.5194/aab-68-183-2025


https://doi.org/10.1016/j.smallrumres.2022.106877
https://www.cabidigitallibrary.org/doi/full/10.5555/20113173091
https://www.cabidigitallibrary.org/doi/full/10.5555/20113173091
https://doi.org/10.4141/cjas2013-200
https://doi.org/10.1016/j.anifeedsci.2018.12.002
https://doi.org/10.1111/j.1365-277X.2004.00552.x
https://doi.org/10.1016/j.smallrumres.2005.07.058
https://doi.org/10.1016/S0301-6226(02)00059-3
https://doi.org/10.1016/j.meatsci.2006.09.009
https://doi.org/10.1017/S0029665117001112
https://doi.org/10.1016/j.meatsci.2017.08.006
https://doi.org/10.1016/j.meatsci.2022.108734
https://www.ibm.com/products/spss-statistics
https://doi.org/10.1080/1745039X.2022.2097825.
https://doi.org/10.1016/0140-6736(91)91846-M
https://doi.org/10.1016/j.smallrumres.2020.106076
https://doi.org/10.1046/j.1365-2621.2001.0437a.x
https://doi.org/10.1046/j.1365-2621.2001.0437a.x
https://doi.org/10.1016/j.meatsci.2008.05.029
https://doi.org/10.1016/j.smallrumres.2022.106652
https://doi.org/10.1016/j.meatsci.2007.07.019

	Abstract
	Introduction
	Material and methods
	Animals, diets, and facilities
	Slaughtering and tissue sampling
	Meat quality measurements
	Economic assessments
	Statistics

	Results
	Discussion
	Conclusions
	Data availability
	Author contributions
	Competing interests
	Ethical statement
	Disclaimer
	Financial support
	Review statement
	References

