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Abstract: Thirty-six Merino-Kivircik crossbred male lambs were utilized to evaluate the influence of two levels of dried stoned olive
pomace. Lambs were blocked by initial body weights (BW, 20.4 kg) and randomly distributed into three groups. While one group
received commercial concentrates without olive pomace, the second and third groups received an experimental diet containing 10%
olive pomace and 20% olive pomace, respectively. They were fed for 49 days. The animals’ BW and feed consumption were recorded
weekly and biweekly, respectively. The lambs were slaughtered at the end of the trial. The carcass cut weights were recorded and a
sample of LD muscle was collected for fat content and composition. Overall, there were no differences in slaughter characteristics,
carcass measurements, or cut weights among the treatments (P > 0.05). The fatty acids (FAs) profile of LD muscle showed that 20% olive
pomace fed animals had lower pentadecanoic and erucic acids, while they had higher oleic acid content (P < 0.05). This represents a
favorable change in regard to human dietary guidelines. Total saturated, monounsaturated, and polyunsaturated FAs were not affected
by treatments. There were minor differences in organoleptic properties among the treatments (P > 0.05). Meat rich in oleic acid fared

best with panelists, which was found in the 20% olive pomace fed lambs.
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1. Introduction

In recent years climate change has contributed to
decreased traditional grazing land and increased
interest in sustainable feeding products to curb negative
environmental effects. Grazing land in the Mediterranean
climates is becoming rarer and lower in quality, especially
in dry seasons (1). The production of animal foods as cost
effective as possible is the basic need. Therefore alternative
cheap feed sources are needed to promote sustainability,
to ensure food security, and to protect the environment.
Moreover, as the major livestock of this region, sheep offer
unique abilities to utilize large amounts of noncompetitive
and sustainable feedstufs.

Olive oil is the main product of all Mediterranean
economies. With the high levels of olive oil production and
the new EU regulations a byproduct of olive oil production
called olive pomace is now widely accessible (2,3). The
new 3-phase extraction technology has led to highly
digestible and more nutritious pomace being obtained.
This process includes the removal of all seeds (stoning),
which causes low amounts of cellulosic compounds and
high amounts of residual fat (10%-15%), beneficial fatty
acids, antioxidants, and valuable bioactive molecules
(2,4,5). Indications suggest, however, that the nutritional

* Correspondence: ekins@uludag.edu.tr

value of olive pomace differs among regions, varieties, and
the year of harvest (2).

Currently there is a desire among the public for high
quality and lower fat lamb meat and olive pomace could
provide the answer. The high oleic acid content in olive
pomace may enhance the nutritional value of lamb for
human consumption (6,7). Recent studies have shown the
inclusion of stoned olive pomace to lambs diet modified
the intramuscular fatty acids and increased the oxidative
stability of lipids in lamb meat and altered subcutaneous fat
composition (5,8,9). However, there is a lack of published
data in the scientific literature regarding the effects of
stoned olive pomace on carcass traits, meat quality, and
organoleptic properties of the meat (10-12).

Our objective was to show the relationship between
carcass traits, meat quality, and dietetic nutritional
character with the inclusion of dried stoned olive pomace.

2. Materials and methods

2.1. Animal care and use

The experimental protocols used in this study were
approved by the Institutional Animal Care and Use
Committee (UUHADYEK) (approval date: 04.03.2014;
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no: 2014-05/03). No health problems were detected in
the experiment and the lambs remained free of disorders
during the overall experimental period.

2.2. Animals, diets, and housing

Thirty-six lambs (Merino x Kivircik) were selected
immediately after weaning (60 + 5 days old and 20.4 +
0.1 kg) from U.U. Center of Agricultural for Teaching
and Research (40°11'N, 29°04'E). The lambs were reared
in a naturally ventilated concrete block-finishing barn.
Each pen contained a two-hole feeder and a single nipple
waterer allowing ad libitum access to the feed and water.
Temperature and relative humidity inside the barn
were measured using a data logger (ebro, EBI 20, ebro
Electronic GmbH & Co. KG, Ingolstadt, Germany) every
hour on a daily basis over the duration of the experiment.
During the experimental period (49 days), mean weekly
ambient temperatures in the barn ranged from 19 to 23 °C
and the mean weekly relative humidity ranged from 56%
to 69%. The lambs were randomly split into 3 pens (12/
pen) based on their body weights and randomly assigned
to one of 3 treatments. After a three-phase oil extraction
process, olive pomace was obtained from a local olive oil
extraction mill (39°35'N, 27°1'E). The pomace was dried
over about 50 min using a triple pass rotary drier (outlet
air temperature was 80 °C and the product temperature
was 60 °C). Afterwards stones were removed using a rotary
gravity separator in a conjunction with air infiltration
(TR 2013 04286 B patent). The diets were formulated to
be isonitrogenous and isoenergentic and balanced to
meet the nutritional requirements of the lambs (13). All
the ingredients were mixed and pelleted (3 mm). The
ingredients and chemical composition of the experimental
diets are listed in Table 1. After a 7-day adaptation period
three groups were formed to receive one of the following
diets for 49 days. The first group was given the control diet
(35.6% corn grain, 24% rice and wheat bran, 14% corn
meal, and 4.3% mineral and vitamins). The second diet
gradually increased soybean to 11.48% and decreased the
corn meal 4%. The third increased the soybean to 15.8%
and removed the corn meal. Both experimental diets
eventually fully removed the soy bean oil. The lambs were
weighed at the beginning of the experiment and every 2
weeks until the day before slaughter. Feeders in each pen
also were weighed biweekly, and feed given and refused
was recorded to determine average pen feed intake and
feed efficiency (gain/feed intake). Feed offered and refused
was sampled and dried for further chemical analysis
(14,15).

2.3. Slaughter procedures and carcass evaluation

At the end of the feeding trial the lambs were weighed
and transported to a private slaughterhouse following
overnight removal of feed. The lambs were slaughtered
under veterinarian supervision. Exsanguinations were
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performed by severing the carotid arteries and the jugular
vein at the base of the neck. After skinning, the individual
and aggregate weight of soft drops (heart, liver, and lungs
with trachea, spleen, rumen, and intestine) and hard drops
(head, skin, hide, forefeet, and hind feet) were recorded.
The stomach and intestines were weighed before and after
their contents were washed out. The soft and hard drops
were expressed in relation to preslaughter body weight.
After 48 h chilling at 4 °C, the carcasses were weighed
again and a series of measurements were taken for each in
accordance with the indications given by Colomer-Rocher
et al. (16) for sheep carcasses. After the postmortem chill
period, the cold carcass weight (CCW) and ultimate
carcass pH were recorded. Cold carcass dressing (CCD)
percentage was calculated using cold carcass weight
(CCW) divided by final slaughter body weight (SBW) and
then multiplying the result by 100. Carcass and leg length
were measured to calculate compactness indices (cold
carcass weight, kg/carcass length, m; leg weight kg/leg
length, m). Carcass measurements were taken after cutting
the carcasses in half through the center of the vertebral
column. The left sides were weighed and then jointed into
commercial cuts (neck, shoulder, brisket, rib, flank, loin,
and leg). Commercial carcass cuts also were expressed as a
percentage of chilled carcass weight. Afterwards, 12th rib
fat thickness (RFT) and 12th rib longissimus muscle area
(LMA) were measured on the right side of each carcass.
The LMA was drawn on parchment and measured later
with a digital planimeter and RFT measurements were
taken 3/4 the length ventrally over the longissimus muscle
by digital caliper (Placom KP-90N Roller, Japan) (17).
Samples were taken and then packed, frozen, and stored
at —20 °C to assess fatty acid composition, and used for
sensory evaluation.

2.4. Fatty acids profile determination

Fatty acid profiles in experimental diets and muscle were
determined by lipid extract (18). To determine the fatty acid
composition of the fresh meat, samples of the transversal
section were collected from the longissimus muscle and
frozen for lipid extraction and methylation. Lipids were
extracted using Folch’s solution and the fatty acid methyl
esters (FAME) were obtained by the ISO 5509 method
(18). Qualitative and quantitative measurements of fatty
acid content were performed by gas chromatography using
a chromatograph (Agilent 6890N, China) with a flame
ionization detector (FID) and capillary column (30 m x
0.25 mm i.d., 0.25 um). Identification and quantification
of the methyl esters of the fatty acids were achieved by
comparison with the retention times and concentrations
of methyl esters of standard fatty acids.

2.5. Panelist evaluation
A proportion ofloin muscle of animals from each treatment
was studied for sensory evaluation. Samples were thawed
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overnight at 4 °C. Each sample was placed in absorbent
paper for 30 s. External connective tissue and fat were
trimmed and then cut into portions. Next, each group was
wrapped separately in aluminum foil and cooked under
an electric grill (Tefal, Turkey). The grill was switched on
15 min before cooking. The meats were grilled at 200 °C
until the internal temperature reached 70 °C, monitored
by an internal thermocouple. Afterwards, they were stored
in a warm cabinet until served to the panelists. The total
cooking loss was calculated from the differences between
the weight of chop steaks before and after grilling. A total of
12 (6 female and 6 male) panelists volunteered to taste the
lamb meat. The panelists received training prior to analysis
according to the method described by Meilgaard et al. (19).
They were provided samples by random, 3-digit codes
and evaluated each one for taste on a 10-point scale (10
= excellent, 5 = fair, 1 = terrible) for scoring the following
sensory properties of meat: tenderness, appearance,
aroma, flavor, juiciness, and overall palatability. Crackers
and water were served to the panelists between samples.
Sensory tests were carried out in a sensory evaluation
room, with white light and controlled ventilation, away
from distracting noise and odors.

2.6. Statistical analyses

The data were analyzed by the GLM procedure of SAS
(20) for completely randomized design. The individual
parameters of the lambs were analyzed using a statistical
model that included the effect of treatment doses (control,
10% olive pomace, and 20% olive pomace) (20). Panelist
data were normalized within sex class to remove panelist
differences in response to the rating scale (21). The data
then were analyzed by the GLM procedure of SAS for
completely randomized design with the main effects of
treatment doses, sex, and their interaction (20). The results
are reported as least squares means * standard error
means (SEM) and in all cases differences among means
were declared as significant at P < 0.05, whereas trends
were discussed at P < 0.10, unless stated otherwise.

3. Results
Inclusion of dried stoned olive pomaces did not result in
any marked difference in proximate composition within
lamb diets (Table 1). However, compared to the control diet
(7.4%, 33.3%, and 9.20%, respectively), the olive pomace
ingredients in the diets increased the fiber fractions such
as crude fiber (9.7%), NDF (35.5%), and ADF (12.4%).
The olive pomace used in the diets had a high fat content
(15.6%) and the pomace supplied 65% of total oleic acid
consumed (Table 2). Including olive pomace in the diets
supplied higher (P < 0.05) levels of oleic acid (18:1) and
lowered (P < 0.05) levels of linoleic (18:2) and a-linolenic
acids (18:3) compared to the control diet (Table 3).

Table 1. Ingredient formulation and chemical composition of the
basal diet.

Ingredient, (%) Control OP10% OP20%
Corn grain 35.58 35.82 35
Rice bran 14 13.2 7.66
Wheat bran 10.32 11.71 0
Soybean 9.5 11.48 15.81
Olive pomace 0 10 20
Corn grain meal 14 4 0
Sunflower meal 2 4 2.78
Barley 0 0 8.39
Corn gluten 7 3.3 4
Full soybean oil 0.79 0 0
Molasses 2.5 2.5 2.5
Marble powdered 3.1 2.7 2.6
Salt 0.52 0.6 0.57
Ammonium chloride 0.5 0.5 0.5
Commercial premix' 0.1 0.1 0.1
Biotin 0.05 0.05 0.05
Toxin binder 0.03 0.03 0.03
Vitamin E (pure) 0.01 0.01 0.01
Chemical composition, (% of DM*)

Dry matter 87.96 88.6 89.09
Crude protein 16.04 16.00 16.00
Crude fiber 7.41 9.22 10.13
NDF? 33.33 35.67 35.35
ADF? 9.20 12.72 12.08
Ash 8.00 7.94 7.78
Crude fat 5.40 5.50 5.45
Calcium 1.32 1.20 1.20
Phosphorus 0.61 0.6 0.45
(Mksz‘}’ko;gﬁ; CnereyY 19757 2729 2734
Sodium, % 0.30 0.30 0.30
Starch 31.86 30.0 30.0

OP, olive pomace; 1: commercial premix (supplied per kg):
vitamin A (50,000 IU), vitamin D3 (13,300 IU), vitamin E
(13,300 IU), calcium (100 g), phosphorus (67 g), sodium (20
g), magnesium (19 g), iron (3 g), copper (0.1 g), manganese (8
mg), zinc (1 g), cobalt (0.1 g), iodine (0.2 g), selenium (0.005 g) .*
Dry matter, 2: Neutral detergent fiber, 3: Acid detergent fiber, 4:
Metabolizable energy estimation based on NRC (2001).
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Table 2. Fatty acid composition of the dried stoned olive pomace.

Fatty acids Olive pomace
Tridecanoic acid (C13:0) <0.1
Myristic acid (C14:0) <0.1
Pentadecanoic acid (C15:0) <0.1
Palmitic acid (C16:0) 12.26 £ 0.01
Heptadecanoic acid (C17:0) 0.13 £0.01
Stearic acid (C18:0) 2.81 £0.01
Arachidic acid (C20:0) 0.49 £ 0.07
Behenic acid (C22:0) 0.31+0.01
Tricosanoic acid (C23:0) <0.1
Lignoceric acid (C24:0) 0.13+0.01
SSFA 16.13
Myristoleic acid (C14:1) <0.1

Cis-10 Pentadecenoic acid (C15:1) <0.1
Palmitoleic acid (C16:1) 0.79 £ 0.01
Heptadecenoic acid (C17:1) 0.20 £ 0.01
Oleic acid (18:1 n9) 64.65 £ 0.01
Eicosapentaoic acid (C20:1 n9) 0.36 £ 0.01
Erucic acid (C22:1 n9) 0.18 £ 0.04
Nervonic acid (C24:1 n9) and (C22:6 n3) 0.58 £ 0.01
SMUFA 66.76
Linoleic acid (C18:2 n6) 15.28 £ 0.01
a-Linolenic acid (C18:3 n6) 0.87 £0.01
Arachidonic acid (C20:4 n6) <0.1
Eicosapentaenoic acid (C20:5 n3) <0.1
Docosadienoic acid (C22:2 n6) 2.11 +£0.02
SPUFA 18.26

SFA: saturated fatty acids; MUFA: monounsaturated fatty acids;
PUFA: polyunsaturated fatty acids

The treatment effects on slaughter, carcass
characteristics, and carcass cuts are summarized in
Tables 4 and 5. The initial body weight (20.4 kg; P = 1.0)
and the slaughter weight (36.5 kg, P = 0.74), hot carcass
(18.5 kg, P = 0.84), and chilled carcass weights (18.1 kg,
P = 0.91) were similar among treatments, as well as the
commercial dressing proportions (50%, P = 0.69). Data
taken after chilling showed a greater shrinkage in olive
pomace fed lambs (2.6% and 3.3% for OP10% and OP20%,
respectively) compared to the control animals (1.8%), but
it was not significant (P = 0.68). Presence of olive pomace
had a highly significant effect on the weights of omental +
mesenteric fat (186 g, P = 0.09) and perinephric + pelvic
fat (377 g, P < 0.05) compared to the control animals
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(295 and 507 g, respectively). The perinephric + pelvic
fat percentage in relation to the slaughter weight did
not change (P = 0.98) but the omental + mesenteric fat
percentage remained affected (P < 0.05). There were no
differences observed among treatments for RFT (3.8 mm,
P =0.99) and LMA (14.4 cm?, P = 0.85) as well as carcass
ultimate pH (5.7, P = 0.75). The level of olive pomace in the
diet had no effect (P > 0.05) on the carcass measurements,
weights, and the proportions of the cuts (Table 5).

The fatty acid composition of the intramuscular fat is
shown in Table 6. The total lipid content in muscle (4.13%)
was not different (P = 0.93) among the diets (data not
shown). In the total intramuscular lipids, there was no
effect of the dietary treatment found on the percentage of
the class of saturated fatty acids (SFA, 38% of total fatty
acids) while monounsaturated fatty acids (MUFAs) were
higher (P = 0.14; Table 6) in muscle from lambs fed with
olive pomace. Thus, the ratio of SMUFA to SSFA increased
(P = 0.17) when the olive pomace was included. In the LD
muscle pentadecanoic acid (15:0) and erucic acid (22:1n9)
were lower whereas oleic acid (18:1n9) was higher (P <
0.05) in lambs fed with olive pomace. Atherogenicity and
thrombogenic indices were lower in meat from lambs
fed with 20% olive pomace (0.67 and 0.99, respectively)
compared to the control animals (0.73 and 1.04,
respectively), but it was not significant (P = 0.46).

The sensory panel evaluation results are shown in Table
7.Cookingloss decreased (P <0.001) in the order 10% olive
pomace, 20% olive pomace, and control meat, with mean
values of 36.6%, 40.2%, and 46.8%. The sex of panelists
did not (P > 0.05) affect the ratings for taste. Although
the meat from OP 20% lambs was rated with higher
scores by the panelists, there seem to be minor differences
in organoleptic properties for tenderness, appearance,
aroma, flavor, juiciness, and overall palatability among the
treatments (P > 0.05).

4. Discussion

Based on the chemical analysis of dried stoned olive pomace
used in the lamb diets the following average values were
obtained: dry matter 93.54%, crude protein 7.9%, crude
fat 15.6%, crude fiber 31.0%, ash 6.3%, and ME 2847.2
mcal/kg DM (data not shown). The nutrient composition
of dried stoned olive pomace as a sole ingredient is in line
with the findings reported by Vera et al. (9). They also
found high residual fat (16.5%), low NDF (32%), and low
ADL (15.5%) content in stoned olive pomace from two-
phase oil extraction (9). However, the protein content
(5.6%) was lower and the oleic acid content of their olive
pomace (75.3%) was higher than ours (7.9% and 65%,
respectively). The pomace used in the current study was of
considerably higher quality due to the stoning process and
the drying procedure. Part of the difference was certainly
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Table 3. Fatty acid composition of the lamb diets.

Diets Control OP10% OP20% SEM P value
Myristic acid (14:0) 0.00b 0.08a 0.10a 0.00 <0.01
Palmitic acid (C16:0) 8.76b 8.53b 9.38a 0.09 <0.01
Stearic acid C18:0 1.81ab 1.58b 2.03a 0.09 <0.01
Arachidic acid (C20:0) 0.33b 0.33b 0.37a 0.00 <0.01
SSFA 10.90a 10.53a 11.88b 0.10 <0.01
Palmitoleic acid (C16:1) 1.00a 0.64b 0.58b 0.08 <0.01
Heptadecenoic acid (C17:1) 1.81ab 1.58b 2.03a 0.01 <0.01
Oleic acid (18:1 n9) 22.97¢ 29.62b 35.77a 0.16 <0.01
Eicosapentaenoic acid (C20:1 n9) 0.30b 0.55a 0.55a 0.01 <0.01
Docosadienoic acid (C22:2 n6) 18.58b 24.25a 24.02a 0.24 <0.01
SMUFA 24.27c¢ 30.80b 36.90a 0.15 <0.01
Linoleic acid (C18:2 n6) 35.01b 28.29a 28.21a 0.13 <0.01
a-Linolenic acid (C18:3 n3) 2.04b 1.29a 1.35a 0.01 <0.01
Docosadienoic acid (C22:2 n6) 18.58b 24.25a 24.02a 0.14 <0.01
SPUFA 55.63b 53.93a 53.58a 0.27 <0.01

OP: olive pomace; SFA: saturated fatty acids; MUFA: monounsaturated fatty acids; PUFA: polyunsaturated fatty acids

Table 4. Effects of dried stoned olive pomace (OP) level on carcass and noncarcass characteristics in Merino x Kivircik

lambs.
Control OP10% OP20% SEM P value

Carcass parameters

Initial weight (kg) 20.42 20.46 20.46 4.39 1.00
Slaughter weight (kg) 37.00 33.80 36.10 0.86 0.14
Hot carcass weight (HCW, kg) 18.40 16.60 18.60 0.36 0.11
Cold carcass weight (CCW, kg) 18.08 16.16 17.98 0.36 0.14
Chilling loss (%)' 1.75 2.60 3.31 1.23 0.68
Dressing (%) 49.73 49.26 51.53 0.98 0.46
Commercial dressing (%)* 48.87 47.89 49.82 0.74 0.69
RFT (mm)? 3.75 291 3.80 0.32 0.99
LMA (cm?)* 14.8 14.44 14.66 0.83 0.85
LMA pH 5.71 5.67 5.69 0.01 0.75
Noncarcass components (as % of slaughter weight)

Head 5.35 5.37 5.64 0.18 0.49
Skin + feet 11.05 10.92 11.73 0.44 0.41
Stomach and intestines 21.19 20.38 19.28 0.72 0.26
Offals® 4.84 4.69 491 0.14 0.58
Kidney 0.31 0.35 0.36 0.02 0.36
Testicles 0.37 0.40 0.40 0.04 0.70
Omental + mesenteric fat 1.36 1.05 0.90 0.21 0.04
Perinephric + pelvic fat 0.85 0.86 0.87 0.08 0.98

1: HCW - CCW/HCW x 100. 2: CCW/Slaughter weight x 100. 3: Rib fat thickness
4: Longissimus muscle area, 5: Liver-heart-spleen-lung
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Control OP10% OP20% SEM P value

Cut weights, kg

Right half carcass weight 9.04 8.29 8.99 0.19 0.67
Neck and thorax 1.33 1.28 1.39 0.06 0.62
Shoulder 1.79 1.76 1.78 0.04 0.90
Brisket 1.21 1.13 1.17 0.05 0.46
Rib 1.53 1.50 1.51 0.04 0.87
Flank 0.59 0.50 0.59 0.02 0.01
Loin 0.90 0.90 0.93 0.03 0.79
Leg weight 2.72 2.73 2.71 0.07 0.98
Carcass compactness (kg/m) 23.98 24.17 23.52 0.45 0.59
Leg compactness (kg/m) 5.32 531 5.34 0.13 0.98
Cut yields (%)

Neck 14.71 14.52 15.43 0.69 0.70
Shoulder 19.78 19.95 19.75 0.30 0.88
Brisket 13.43 12.80 12.98 0.51 0.70
Rib 16.94 15.95 16.82 0.34 0.91
Flank 6.51 6.64 6.60 0.22 0.02
Loin 10.00 10.19 10.31 0.22 0.63
Leg 30.15 30.95 30.13 0.58 0.58
High priced joints' 59.93 61.09 60.19 0.80 0.60

1: Leg + shoulder + loin

related to the differing oil extraction methods (22). There
were small differences in the proximate composition of the
diets (Table 1).

The initial weight and the slaughter weight were not
affected (P > 0.05) by olive pomace levels (Table 4). This
is a consequence of similar nutritional characteristics of
diets (2750 kcal/kg DM ME; 16.04% CP). These results are
in line with recent findings showing that the initial live
weight, final live weight, and feed intake of lambs were
not affected by olive pomace supplementation (5,9,11).
However, Awawdeh and Obeidat (23) reported that the
inclusion of sun dried olive pomace in the lamb’s diet as a
substitute for 10% of wheat hay increased the growth rate
and total body weight gain. On the other hand, Tufarelli
et al. (24) found that lambs consuming oat hay replaced
with 20% partially destoned exhausted olive pomace had
lower final body weight (25.5 kg) and daily gain (178 g/
day) compared to control animals (26 kg and 198 g/day,
respectively). In another trial lower daily gain was also
observed when lambs were given 30% olive pomace (25).
Earlier studies have shown that in growing lambs adding
more than 20% olive pomace is not recommended (26).
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However, the stoning process may contribute to better
results (5).

Given there was no impact of dried stoned olive
pomace on slaughter weight, a slight difference in carcass
measurements was to be expected (Tables 4 and 5). The
commercial dressing percentage was numerically higher
(P = 0.69) on the olive pomace diets than those of the
lambs on the control diet (48.9%); the highest dressing
ratio (49.8%) was recorded for the highest olive pomace
diet (20%). Greater net cold dressing percentages were also
reported by Ragni et al. (11) by feeding 20% destoned olive
pomace in Comisana lambs. Similarly, greater hot and
chilled dressing percentage and right half carcass weight
were obtained from 20% partially destoned exhausted olive
pomace by Tufarelli et al. (24) and from 10% stoned olive
pomace by Awawdeh and Obeidat (23). With the increased
level of OP, the weight of internal body fat decreased
in relation to carcass weight (Table 4). The presence of
olive pomace, which contains a high percentage of oleic
acid, seems to have considerably influenced the amount
of internal fat deposition. Although the diets used in
this experiment were isoenergetic and displayed similar
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Fatty acids of LD muscle Control OP10% OP20% SEM P value
Capric acid (10:0) 0.12 0.08 0.10 0.01 0.68
Lauric acid (12:0) 0.15 0.11 0.14 0.02 0.41
Myristic acid (14:0) 1.97 1.93 1.84 0.22 0.77
Pentadecanoic acid (C15:0) 0.38a 0.32ab 0.29b 0.03 0.04
Palmitic acid (C16:0) 19.9 20.57 20.21 0.43 0.85
Heptadecanoic acid (C17:0) 1.11 1.12 1.01 0.07 0.58
Stearic acid (C18:0) 12.63 13.49 13.47 0.35 0.22
Arachidic acid (C20:0) 2.02 2.03 1.59 0.21 0.36
SSFA 38.28 39.65 38.65 0.57 0.86
Pentadecenoic acid (C15:1) 1.7 1.93 1.44 0.44 0.83
Palmitoleic acid (C16:1) 2.13 1.91 2 0.11 0.43
Heptadecenoic acid (C17:1) 0.76 0.71 0.64 0.06 0.32
Oleic acid (18:1 n9) 34.31b 33.59b 35.29a 0.73 0.01
Eicosapentaenoic acid (C20:1 n9) 2.78 4.90 4.26 1.15 0.63
Erucic acid (C22:1 n9) 0.67a 0.50b 0.18c 0.08 0.02
SMUFA 42.25 43.54 43.81 1.47 0.14
Linoleic acid (C18:2 n6) 9.87 8.61 8.57 0.59 0.89
a-Linolenic acid (C18:3 n3) 0.22 0.00 0.15 0.03 0.11
Eicosadienoic acid (20:2 n6) 0.57 0.96 0.73 0.14 0.30
Dihomo-¥-linolenic acid (20:3 n6) 4.82 4.88 4.34 0.34 0.67
SPUFA 15.48 14.45 13.79 0.68 0.83
SMUFA/SSFA 1.10 1.10 1.13 0.05 0.17
SPUFA/SSFA 0.40 0.36 0.36 0.02 0.79
Atherogenicity index 0.73 0.71 0.67 0.03 0.4
Thrombogenic index 1.04 1.05 0.99 0.04 0.46

SFA: saturated fatty acids; MUFA: monounsaturated fatty acids; PUFA: polyunsaturated fatty acids. Atherogenicity
index = [(12:0 + 4(14:0) + 16:0)/[(n-6 + n-3)PUFA + 18:1+otherMUFA). (Ulbricht and Southgate, 1991). Thrombogenic
index = (14:0 + 16:0 + 18:0)/[(0.5 x 18:1) + 0.5(MUFA) + 0.5 (n-6PUFA) + 3(n-3PUFA) + (n-3PUFA/n-6PUFA)).

(Ulbricht and Southgate, 1991).

energy and protein ratios, this decrease may stem from
the enhancement of energy efficiency in 20% olive pomace
lambs. Further investigation is necessary to understand
the exact mechanisms involved. Ragni et al (11) and Abo
Omar et al (27) observed that olive pomace fed lambs had
lower (P = 0.05) carcass, pelvic, and kidney fats. However,
the inclusion of olive pomace at two levels did not affect
carcass ultimate pH (P = 0.75). According to Duarte et
al. (28) in unstressed animals the ultimate value of pH
usually ranges from 5.5 to 5.8. The average ultimate pH
(5.7) obtained from this study is within the normally
recommended range (Table 4). Ragni et al. (11) reported
similar (P > 0.05) ultimate pH for control (5.7) and
destoned olive pomace (5.8) animals. Neither the carcass

and leg compactness nor the yield of carcass cuts among
treatments differed (P > 0.05, Table 5). The mean values for
carcass and leg compactness indices were 24 and 5.3 kg/m,
in this study, respectively. High priced joints had higher
percentage yield (P = 0.60) in 10% olive pomace fed lambs
(61%) than the other diet fed animals (60%). These results
collaborated well with those obtained in previous studies
using the same genotype (29,30).

In all three animal groups, the fatty acid compositions
of LD muscle mirrored what happened to the main fatty
acids in all the diets (Tables 3 and 6). In ruminants rumen
biohydrogenation determines the fatty acid profile of their
meat (31). Palmitic (16:0) and stearic (18:0) acids were the
most abundant SFA (33%) in the meat of all animal groups,
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Table 7. Effects of dried stoned olive pomace (OP) level on sensory profile of lamb.

Sensory variables Control OP10% OP20% SEM P value
Cooking loss 46.78¢ 36.62° 40.23° 0.62 <0.001
Odor 7.30 7.30 7.80 0.44 0.66
Tenderness 7.00 7.10 7.60 0.38 0.52
Juiciness 6.50 6.90 7.00 0.51 0.77
Aroma intensity 6.60 6.60 7.40 0.42 0.33
Flavor intensity 6.80 7.30 7.40 0.46 0.65
Overall acceptance 7.20 7.70 8.00 0.33 0.24
General remarks 7.30 7.90 8.00 0.37 0.38
Average points 6.96 7.26 7.60 0.33 0.42

without any significant effect from the dietary treatments.
However, the 20% olive pomace group contained a lower
(P < 0.05) percentage of pentadecanoic acid (15:0) than
the others (Table 6). This significant decrease may be
related to differences in rumen metabolism related to
higher MUFA content, mainly oleic acid (18:1), found in
this group. In fact, high levels of dietary 18:1 have been
effective in lowering some degree of saturation in the
rumen and tissue (32,33). Greater deposition of 18:1 was
found to increase the vitamin E level in muscle, which is
desirable for protecting muscle fat from peroxidation (8).
Olive pomace tended (P = 0.14) to increase total MUFA
in meat (Table 6). The most abundant MUFA in all
animal groups was oleic acid (18:1). As expected, a direct
relationship was observed between the level of dietary
oleic acid and the concentration of oleic acid in the lamb
muscle, which is in agreement with most of the literature
(5,8,9). However, the inclusion of 220 g/kg (control), 300
g/kg (10%O0P), and 360 g/kg (20%OP) oleic acid (18:1) per
kg diet lead to a concentration of 340 g, 340 g, and 350 g
per kg in the muscle (Tables 1 and 6). This suggests a dose
response effect, but the differences in meat oleic acid (18:1)
content were smaller than the differences in the diet (8).
The reason for the lower transfer of oleic acid (18:1) from
diet to muscle may be related to the activity of stearoyl
CoA desaturase, which is also possibly parallel to the level
of endogenous conjugated linoleic acids in muscle (34).
Nevertheless, higher amounts of unsaturated fatty acids
and SMUFA/SSFA found in meat from olive pomace diets
represent a favorable change in regard to human dietary
guidelines (9,35). In addition, lower values for calculated
atherogenicity and thrombogenic indices observed in meat
from the highest olive pomace (20%) also suggest that
oleic acid enriched meat would be of additional benefit
to human health (9,35). The level of olive pomace did
not affect the percentage of PUFAs in the meat. The most
abundant PUFAs were the n6 series (Table 6), which reduce
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blood lipids (36). However, due to the low concentrations
of n3 series PUFAs in the lamb diets, the amount of this
fatty acid series in muscle was also poor (37). Nevertheless,
in our study the ratio of SPUFA/SSFA (0.39) is acceptable,
but further increases are required in muscle PUFA (>0.4) to
meet consumers’ nutritional guidelines (35,37). There will
be improved systems to decrease rumen biohydrogenation
and different combinations of dietary fatty acids required
in the future (38).

It is often found that meat with a lower water-holding
capacity will rapidly lose its juice during cooking. In our
research the meat of olive pomace fed lambs retained most
of its juice. As a result with less cooking loss the meat
would retain its nutritional value (39). It is reported that
the three most important sensory attributes for consumers
are flavor, tenderness, and juiciness (40). The unsaturated
phospholipid fatty acids are particularly important in
flavor development. Previously it has been shown that
oleic acid, linoleic acid, and linolenic acids are the greatest
sources of flavor (41). Indeed our study also found that the
highest ratio of unsaturated fatty acids fared best with the
panelists, which was found in the 20% olive pomace fed
lambs (Table 7). The largest difference in the olive pomace
fed lambs was in the aroma and flavor intensity.

With the increasing cost of conventional feeds there
will no doubt be increased interest in the possibilities of
using by-products. This study showed that in an intensive
lamb production system lambs offered dried olive pomace
up to 20% of total diet show no depression in slaughter
weight and carcass characteristics. The action of olive
pomace seems most likely associated with change in fat
metabolism with regard to a decrease in fat deposition
and modified fat composition of the meat. It appears that
olive pomace fed lambs have relatively higher proportions
of total unsaturated fatty acids in their LD muscle
compared with the standard concentrate. In the view of
current interest in Mediterranean-type lamb production
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combined with the operation of a national testing scheme
aimed at reducing fat content of the carcass, these higher
levels of oleic acid in meat of lambs could well become a
factor of significance in lamb meat quality.
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