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Abstract:

This study was carried out in early 2025 on a private farm in Bani Walid, Libya, to evaluate the impact of olive
cake supplementation on growth performance, carcass characteristics, and hematological parameters of local
Barbary lambs. A total of 45 lambs, approximately 3 months old with an average body weight of 25 kg, were
randomly allocated into five treatment groups (9 animals per group) based on body weight. The feeding trial
lasted for 90 days and followed a completely randomized design.

The dietary treatments included a control group fed a basal diet and four groups receiving increasing levels of
olive cake at 10%, 15%, 25%, and 30% inclusion rates. These levels were selected based on the average active
components found in olive cake. All lambs were weighed upon arrival and assigned randomly to the respective
treatment groups.

Results indicated that increasing the level of olive cake up to 30% led to improvements in growth metrics such
as initial and final body weight, total weight gain, daily gain, and overall feed intake. Similarly, enhancements
were observed in carcass traits, including fasting live weight, hot and cold carcass weights, non-carcass
components, carcass cuts, and fat-tail weight.

In terms of blood parameters, lambs receiving olive cake supplementation showed favorable hematological and
biochemical profiles compared to the control. Parameters such as urea nitrogen, glucose, cholesterol, HDL,
LDL, AST, ALT, ALP, creatinine, RBC, WBC, hemoglobin, packed cell volume (PCV), mean corpuscular
volume (MCV), mean corpuscular hemoglobin (MCH), and mean corpuscular hemoglobin concentration
(MCHC) were all improved in the olive cake groups. In contrast, the control group consistently showed lower
values across growth, carcass, and blood indices.
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Introduction

Since the number of people on the planet has grown along with the amount of food and crop byproducts, it is
crucial to implement by-products management programs to get rid of them and use them in ruminant feed. The
field of animal nutrition researchers worked hard to come up with various ways to lower feeding costs
Ruminants have the ability to utilize by-product feedstuffs—often rich in structural fiber—through their rumen
microbial activity, making such feed sources a viable and cost-effective dietary alternative for meeting
maintenance and production needs, particularly when these by-products are locally available (24).

One variety of red meat from domesticated sheep under a year old is lamb. The majority of lamb is sold when it
is between six and eight months old. Sheep older than a year are referred to as mutton rather than lamb. The first
known domesticated meat species is lamb, which first appeared in the Middle East's cuisine some 9,000 years
ago. Meat has a major role in the current human diet due to its nutritional qualities, including its protein, fat,
mineral, and vitamin content (15).

Lamb meat's inclusion in diets, especially for young children and the elderly, requires proof of its nutritional
worth. Lamb meat production and quality enhancement are both necessary to meet the growing demand for high
quality (27).

Livestock productivity and health are largely influenced by nutrition. However, there are a number of difficult
challenges that could impact animal nutrition and require livestock management to reconsider their feeding
techniques, including rangelands, feed shortages, and growing feed costs. In order to reduce feeding expenses,
improve feed efficacy, and guarantee the sustainability of livestock systems, alternative feeds or suitable feed
additives are crucial. In an effort to lower diet costs and boost profitability, researchers have begun
incorporating alternative feeds to address issues related to the availability and costs of conventional feeds (36).
Food components with nutrients that match animal requirements at reduced costs are becoming more and more
sought after due to the demand for highly nutritious and economically viable feed products. Consequently, the
development of non-traditional food ingredients for animal nutrition is required. Another way to satisfy animal
needs and lower feed costs is to employ agro-industrial by-products (47).

To address the shortage of pasture and rangeland, livestock producers have increasingly relied on various grains
and forages as alternative feed sources. While this approach was initially cost-effective, the reliance on imported
feed ingredients has led to rising prices, with feed costs now comprising up to 70% of total production expenses
(34). Moreover, the quality and availability of these feeds often fluctuate both seasonally and annually, adding
further challenges to consistent livestock production (36). Thus, in order to address the scarcity of feeds without
compromising the quality of the diets given to the animals, other feed resources or by-products must be found.
An excellent option is olive cake (33). Because of its high content of hemicellulose, cellulose, and lignin as well
as bioactive substances (phenolic compounds) and bioactive peptides, olive cake (OC) is becoming a desirable
resource for the livestock feed industry. Thus, OC reuse improves the supply chain's circular economy as well as
that of the producing basins (32). Ruminant diets may use olive cake (OC) as a feed source (2). It is a byproduct
of the agro-industrial process of obtaining olive oil. 35% to 40% of the total weight of processed olives is made
up of husk, stone wall, pulp, kernel, and leftover oil (35) (16). According to (8), 90% of the world's olive oil is
produced in the Mediterranean, where olives are grown. Environmental hazards arise from the huge seasonal
volumes of OC produced by olive oil extraction plants in the country. These by-products are difficult to
decompose (20) (21).

The chemical composition is characterized by a low protein content (8—11% on DM), a high crude fat content
(10-16% on DM), a high proportion of monounsaturated fatty acids (MUFA; oleic acid; 68—70 g/100 g of total
fatty acids) and polyunsaturated fatty acids (PUFA; 7—12 g/100 g of total fatty acids), the presence of bioactive
compounds (phenols and tannins), and a high neutral detergent fiber (NDF; 60—66% on DM), according to
several prior studies conducted by our group (13) (4). The impact of polyphenols on the extracellular enzymes
released by the ruminal microflora, the influence on the biohydrogenation of PUFA and ammonia, and the
production of volatile fatty acids (VFA) have all led to extensive testing of the OC to assess its possible effects
on rumen microbiota and fermentation characteristics. Notably, nevertheless, recent research on dairy cows has
shown that adding OC can affect the health of the animal as well as the quality of the finished product (4).
According to (9), growing-finishing Limousine bulls with high inclusion levels of OC in the concentrate (15%)
had reduced BW gain during the 140-day period of feeding OC and were linked to worsened liver functionality
(lower plasma cholesterol and higher bilirubin content).

Thus, the purpose of the current study is to determine how olive cake affects the hematological parameters and
growth performance of lambs.
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Materials And Methods

This study examined the impact of olive cake on the growth performance, carcass, and hematological
parameters of local Barbary lambs on a private farm in Bani Walid, Libya, throughout the 2024 growing season.
For a 90-day feeding trial, 45 local Barbary lambs who were 3 months old and had an average body weight of
25 kg were split into 5 groups, with 9 animals in each group. The following were the experimental rations given
to the animal groups: The basal diet was supplemented with control olive cake at 10, 15, 25, and 30%. After
arriving, the lambs were weighed and assigned, using a perfectly randomized method, to one of five treatments,
each consisting of nine lambs. The basal diet was one of the dietary treatments. Given the average amount of
active ingredients in olive cake, the dosages of dietary supplements were selected as treatments. They had
plastic buckets of clean drinking water. Pens for animals were cleaned once a week. Weekly lamb weights were
noted prior to the feeding at 9:00 a.m. Following a 12-hour fast at the conclusion of the 90-day feeding period,
all of the lambs were killed. Rations were given to developing lambs (in groups) at 7:00 am and 4:00 pm in the
morning and evening, respectively, in enough quantity to produce a daily excess of at least 10%. Before serving
the feed for the following day, orts were gathered. Every 15 days, the lambs were weighed before to morning
feeding following a 12-hour fast. Once the dry matter (DM) was weighed, it was modified based on variations in
body weight.

Data Recorded

® Growth Performance
The body weight of each lamb was recorded biweekly prior to the morning feeding in order to assess average
daily weight gain throughout the trial period.

® Carcass Characteristics

After being fed for nine weeks, the lambs were killed. After eighteen hours of shrinkage without
nourishment, slaughter was performed. At the moment of slaughter, the weights of the lambs' live bodies and
heated carcasses were recorded. following a 48-hour chilling period for the carcasses.
Red blood cell (RBC) counts (x10%uL) were determined following the method described by Feldman et al.
(2000). Hemoglobin concentration (g/dL) and packed cell volume (PCV, %) were assessed according to the
procedures outlined by Drew et al. (2004). The mean corpuscular volume (MCV, pm?) was calculated using the
formula: MCV=(Hematocrit/RBCcount) x10MCV = (Hematocrit / RBC count) x
10MCV=(Hematocrit/RBCcount) x10. Mean corpuscular hemoglobin (MCH, pg) was calculated as:
MCH=(Hemoglobin/RBCcount) x10MCH = (Hemoglobin / RBC count) x 10MCH=(Hemoglobin/RBCcount)
%10, and mean corpuscular hemoglobin concentration (MCHC, %) was determined using:
MCHC=(Hemoglobin/Hematocrit) x100MCHC = (Hemoglobin / Hematocrit) x
100MCHC=(Hemoglobin/Hematocrit) x100.

For microscopic examination, a thin blood smear was prepared using a small drop of blood. The smear was air-
dried completely and then stained with Giemsa stain to evaluate cellular morphology.
For microscopic examination, a thin blood smear was prepared using a small drop of blood. The smear was air-
dried completely and then stained with Giemsa stain to evaluate cellular morphology.

® Blood Biochemical Parameters

Blood samples were collected at the end of the experimental period using plain vacutainer tubes, with sampling
performed from the jugular vein prior to the morning feeding (around 8:00 a.m.). The collected blood was
allowed to sit for one hour before being centrifuged at 1734 x g for 15 minutes. The resulting serum was
carefully separated and stored at —20°C until further analysis.

Serum biochemical parameters were assessed using a UV/Vis spectrophotometer (JANEWAY 6105, Model
6105, Janeway Ltd., Felsted, Dunmow, Essex CM6 3LB, UK). The analyses included blood glucose, blood urea
nitrogen (BUN), alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase
(ALP), total cholesterol, triglycerides, high-density lipoprotein (HDL), low-density lipoprotein (LDL), and
creatinine. All biochemical measurements were performed using commercial diagnostic kits (BioSystems S.A.,
Costa Brava, Barcelona, Spain) according to the manufacturers’ protocols.

Total plasma cholesterol (mg/dL) was determined individually using specific assay kits, as described by (10).
The concentration of alkaline phosphatase (U/L) was measured based on the colorimetric method reported by

(6).
Statistical Analysis:

The collected data were analyzed using the PROC MIXED procedure in (42), based on a completely
randomized design. The dietary treatment was considered the sole fixed effect in the model. When significant
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differences were detected (P < 0.05), least square means were separated using appropriate post hoc comparisons
to determine the effect of treatment levels.

Results And Discussion

A) Growth performance
Table (1) and Fig. (1) present the findings on the impact of feeding varying amounts of olive cake (OC) (10,
15, 25, 30%, and control) on growth performance. But the findings indicated that up to 30% more olive cake
(OC) resulted in higher initial weight (29.27 kg), final weight (41.69 kg), total gain (73.97 kg), daily gain (91.37
kg), body weight (1.49%), and total feed intake (69.75 kg/lamb). This was followed by 25% of initial weight
(28.13 kg), final weight (36.99 kg), total gain (50.38 kg), daily gain (55.42 kg), body weight (1.44%), and total
feed intake (67.50 kg/lamb), in contrast to the control treatment, which showed lower values for body weight
(1.33%), total feed intake (54.50 kg/lamb), daily gain (26.44 kg), total gain (24.03 kg), beginning weight (19.62
kg), and final weight (22.89 kg). Compared to lambs fed 15% olive cake, the control group's final body weight
was somewhat greater, though not statistically significant. The method used to extract the oil, the extent of the
extraction, the year, and the olives' place of origin can all affect the chemical makeup.
One of the main limiting factors for the use of olive cake in the feed of domestic animals is its variable chemical
composition (30).
According to the aforementioned authors, lambs could consume 20-25% olive cake per day without
experiencing adverse impacts on their body weight or daily growth. In contrast to our findings, (14) discovered
that lambs fed 30% of the concentrate's olive cake had greater daily growth than lambs fed a smaller percentage
or no dietary olive cake. According to (22), olive cake that is eaten as silage with ground maize grain and
poultry litter produces better results in the fattening process of lambs. When PSP was introduced into the lambs'
diet, their performance improved. Improving the nutritional intake of the lambs during the experimental period
may be linked to the improvement in weight increase and ADG in this study. In support of this finding, (17)
found that lamb's daily gain rose in proportion to the amount of pomegranate by-products supplied to the
experimental diets. According to (41), the growth performances of the feeding treatments were quite comparable
to the control. There were no statistically significant changes between treatments in terms of feed intake, feed
conversion index, or final body weight attained. In contrast to lambs fed a control diet alone, (7) found no
appreciable effects on the final BW and TWG of Awassi lambs fed a diet containing 200g/kg OC combined
with concentrate. Similarly, in a study by (3), when OC was given at 250g/kg, no changes were seen in the final
BW, total gains, and ADG of either ewes or lambs. However, as compared to groups that consumed either a 150
g/kg OC diet or the control diet, a study by (29) found that giving Pramenka lambs a 300 g/kg OC diet led to a
lower final BW and an ADG. In addition, compared to Awassi lambs fed the commercial diet, those fed diets
containing OC showed faster growth rates, higher final BW, and greater TWG (5). (37) noted no variations in
carcass weight or yield between lambs fed diets containing 125 and 250 g/kg OC, and the carcass characteristics
results from this study are in line with their findings. Additionally, (29) found no effect on carcass weight or
dressing percentage when 150 g/kg OC was fed. However, carcass weight and dressing percentage decreased
when OC inclusion was increased to 300 g/kg. Consistent with our results, (45) demonstrated that when sheep
were fed OC at 100 or 250 g/kg, their feed intake was unaltered. (11) observed a decrease in feed consumption
when nursing cows were fed OC. Nonetheless, the OC150 diet had the highest EE intake, which was followed
by the OC 75 and CON diets. Consuming fodder high in crude fiber, such as olive cake, causes the rumen and
other parts of the digestive tract to swell because it stays in the tract longer. The percentage of stomach and
intestines (24.71%) in Pramenka breed lambs, as reported by (28), is comparable to our findings for the control
group of lambs. Similarly, (45) found that ewes fed diets containing olive cake at 9.8 and 24.4% of dietary DM
had similar DM consumption, as did developing lambs fed diets comprising 10 and 20% olive cake (44). The
same outcomes were also observed in male lambs fed concentrate that contained 20% de-stoned olive cake. In
comparison to the control ration, Awassi sheep fed olive cake at 49% of their DM intake showed a decrease in
DM intake (1) (41) (18) confirmed this result for the entire period by finding no OC dietary treatment effect in
BW compared to ADG at 20% inclusion level during the first fattening phase (from 100 to 250 kg of BW).
According to Molina (31), the reduced organic matter digestibility (OMD) linked to pelleting can be explained
by the decreased retention time in the rumen caused by the reduction in particle size, which in turn results in a
lower gain in lambs given the pelleted OC diets. The reduced organic matter digestibility (OMD) linked to
pelleting, which results in a decrease in retention time in the rumen due to the reduction in particle size, can be
the reason for the decreased growth in lambs given the pelleted OC diets (31).
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Table (1): Impact of feeding varying amounts of olive cake (OC) on growth performance of local Barbary

lambs.
Initial Final Total eain Dailv eain Body Total feed
Treatments weight weight (k g) (l)(l g) weight intake
(kg) (kg) 8 8 (%) | (kg/lamb)
Control 19.62 22.89 24.03 26.44 1.33 54.50
10 % OC 21.80 26.45 28.73 323 1.36 57.80
15 % OC 29.07 33.92 35.61 39.17 1.40 61.45
25 % 0OC 28.13 36.99 50.38 55.42 1.44 67.50
30 % OC 29.27 41.69 73.97 91.37 1.49 69.75
100
90
80
70
60
50
40
30
20
10
0
(kg/lamb) (%) (kg) (kg) (kg) (kg)
‘ Total feed Body weight ‘ Daily gain Total gain Final weight | Initial weight
intake

H Control ®m10% OC 15%0C m25%0C m30%O0C

Fig. (1): Impact of feeding varying amounts of olive cake (OC) on growth performance of local Barbary lambs.

B) Carcass characteristics

Table 2 and Figure 2 summarize the impact of varying olive cake (OC) inclusion levels (10%, 15%, 25%,
and 30%) in the diet on carcass traits of Barbary lambs. The results demonstrated that increasing the
proportion of olive cake up to 30% led to notable improvements in carcass-related parameters. Lambs in the
30% OC group recorded higher values for hot carcass weight (15.33 kg), cold carcass weight (14.68 kg),
non-carcass components (1.39 kg), carcass cuts (12.50 kg), and fat-tail weight (1.68 kg), compared to the
control group, which showed lower values across all carcass metrics—such as fasting live weight (19.91
kg), hot carcass weight (11.35 kg), cold carcass weight (11.55 kg), non-carcass components (1.11 kg), and
fat-tail weight (1.23 kg). A 25% OC inclusion also resulted in significant improvements: fasting live weight
(26.80 kg), hot carcass weight (13.75 kg), and cold carcass weight (13.11 kg), among others.

Diet composition can significantly influence carcass quality and palatability. For instance, (25) reported
carcass yields exceeding 50% in Barbaresca lambs of similar age, comparable to results from other breeds
like Rambouillet (43) and Awassi (26). However, (38) noted that Pramenka lambs had lower dressing
percentages (~45%).

Contradictory findings exist regarding olive cake's effect on carcass characteristics. Some studies, such as
(23), found no significant impact on carcass or meat quality in Barbary lambs fed 280 g/day of OC.
Similarly, (46) and (33) reported no effects on chilled carcass weight or dressing percentage. However,
other studies showed variable responses depending on dosage. For example, (29) observed no effect at 15%
OC but noted a reduction in carcass weight at 30%. In contrast, (13) reported improvements in carcass traits
and intramuscular fat in beef cattle fed 7.5-15% OC.
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In the present study, non-carcass component weights were generally consistent across treatments, aligning
with findings from (34) (33) and (37), who found minimal variation with by-product supplementation.
These results suggest that moderate levels of OC can enhance carcass quality without adversely affecting
non-carcass yields.

Table (2): Impact of feeding varying amounts of olive cake (OC) on carcass characters of local Barbary lambs.

Fasting Hot Dressing Cold Carcass
. Non-carcass Fat-
live carcass (%) carcass cut .
Treatments . . . components . tail
weight weight weight (kg) weights (kg)
(kg) (kg) (kg) (kg)

Control 19.91 11.35 38.45 11.55 1.11 10.75 | 1.23
10 % OC 22.95 12.25 41.36 12.16 1.15 11.09 1.29
15 % OC 25.37 13.00 43.89 12.88 1.29 11.25 1.35
25 % OC 26.80 13.75 45.54 13.11 1.34 11.54 1.41
30 % OC 27.66 15.33 47.08 14.68 1.39 12.50 1.68

50
45
40
35
s
% H Control
13 10 % OC
[ 3 15% OC
25 %0C
m30%O0C

Fig. (2): Impact of feeding varying amounts of olive cake (OC) on carcass characters of local Barbary lambs.

C) Blood Metabolites

Table (3) and Fig. (3) present the findings regarding the impact of feeding varying amounts of olive cake (OC)
(10, 15, 25, 30%, and control) on blood metabolites. Nevertheless, the findings indicated that a higher level of
olive cake (OC) was associated with higher levels of urea N (19.50 mg/dl), glucose (56.2 mg/dl), cholesterol
(48.0 mg/dl), HDL (32.8 mg/dl), LDL (10.9 mg/dl), AST (60.30 IU/L), ALT (11.00 IU/L), ALP (85.65 IU/L),
and creatinine (0.70 mg/dl). This was followed by urea N (17.71 mg/dl), glucose (55.11 mg/dl), cholesterol
(46.30 mg/dl), HDL (28.20 mg/dl), LDL (9.70 mg/dl), AST (57.44 TU/L), ALT (9.98 1U/L), ALP (83.50 IU/L),
and Creatinine (0.67 mg/dl). ALP (75.25 IU/L), ALT (7.25 TU/L), urea N (12.45 mg/dl), glucose (49.45 mg/dl),
cholesterol (39.25 mg/dl), HDL (23.25 mg/dl), LDL (7.33 mg/dl), AST (50.88 IU/L), and creatinine (0.68
mg/dl) were all lower in the control treatment. To highlight the advantages of utilizing alternative diets like SM,
animal scientists are evaluating the health state of animals by analyzing blood metabolites (19). In relation to
blood metabolites, the EOC group exhibited higher concentrations of GGT and ALP and lower levels of plasma
albumin than the CTR group. ALP levels in the blood of goats given OC showed a contrary effect, but no prior
research found a similar effect on beef (35). Nonetheless, a prior study on dairy cows (4) produced comparable
results, with the exception of ALP, which validates the findings presented here. Together with total protein,
albumin, and GOT, ALP and GGT's levels indicate the liver's capacity for metabolism, making them crucial
markers of liver function (48). Due to the high amount of oxidizable unsaturated fatty acids in olive cake,
variations in GGT and ALP readings may therefore be caused by the presence of peroxides. Ca uptake, which
was actually lower in the treated group in this study, may have been changed by lipid peroxidation, which may
have changed mitochondrial activities by oxidizing pyridine nucleotides (39).
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According to (40), the EOC group also had decreased albumin, which indicates less liver protein synthesis.
Fructosamine's plasma concentration was lower in the EOC group. Fructosamine is a measure of the amount of
glucose present in the preceding weeks or months (12). Even though the pro fraction of propionic acid and
gluconeogenic precursors increased in this study, fructosamine did not rise in proportion. The hypothesis that
olive cake could reduce feed efficiency was strengthened by a similar reaction to fructosamine in our earlier
work with dairy cows (4). Low fructosamine levels were known to indicate nutritional difficulties (e.g., reduced
dietary energy absorption or likely reduced feed efficiency). EOC's inclusion in the concentrate (higher content
of ADF, NDF, and ADL, and lower content of starch) may have resulted in a slight decrease in rumen energy
utilization, even though glucose (34) was not impacted by either treatment or the interaction treatment x time.
Additionally, higher urea levels in the EOC bulls may support this latter hypothesis.

Table (3): Impact of feeding varying amounts of olive cake (OC) on blood metabolites of local Barbary lambs.

Urea HDL LDL AST ALT ALP Creatinin
Treatment N Glucose | Cholesterol (mg/dl (mg/dl | (IU/L | (AIU/L | (IU/L e
S (mg/dl | (mg/dl) (mg/dl) % ) ) ) ) (mg/dl)
)

Control 12.45 49 .45 39.25 23.25 7.33 50.88 7.25 75.25 0.68
10 % OC 14.22 51.55 41.88 25.11 8.49 52.11 7.36 78.78 0.71
15 % OC 15.30 53.28 44.59 26.55 9.22 54.39 8.66 81.88 0.74
25 % OC 17.71 55.11 46.30 28.20 9.70 57.44 9.98 83.50 0.67
30 % OC 19.50 56.22 48.02 32.80 10.9 60.30 | 11.00 | 85.65 0.70

20 T mControl ®10% OC 15 % OC 825 % OC =30 % OC

80 -

70 -

60 -

50 -

40 A

30 -

2 1

B, i 1 i

0
(mg/dl) | (mg/dl) | (mg/dl) | (mg/dl) | (mg/dl) | (IU/L) | (IU/L) | (IU/L) | (mg/dl)
Urea N | Glucose Cholesteral HDL LDL AST ALT ALP Creatining

Fig. (3): Impact of feeding varying amounts of olive cake (OC) on blood metabolites of local Barbary lambs.

D) Hematological constituents of blood

The findings of feeding varying amounts of olive cake (OC) (10, 15, 25, 30%, and control) on blood metabolites
are displayed in Table (4) and Fig. (4), according to the analysis of those two figures. Results, however,
indicated that RBC (12.55 mil/mm3), WBC (12.94 thous/mm3), Hb (13.78 g/dL), PCV (36.45%), MCH (10.96
pg), MCV (30.80 um?), and MCHC (38.10 %) increased with increasing levels of olive cake (OC) up to 30%.
This was followed by 25% of olive cake (OC), which recorded RBC (12.33mil/mm3), WBC (12.72 thous/mm?),
Hb (12.65 g/dL), PCV (34.69 %), MCH (10.66 pg), MCV (29.18 um?), and MCHC (36.65%). In contrast to the
control therapy, which showed lower values for Hb (11.66 g/dL), PCV (31.30 %), MCH (9.11 pg), MCV (23.88
um?), RBC (11.20 mil/mm?), WBC (11.88 thous/mm?*), and MCHC (31.55 %), respectively.
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Table (4): Impact of feeding varying amounts of olive cake (OC) on hematological constituents of blood values

of local Barbary lambs.
RBC WBC
Treatments (mil/ (thous/ ( }-I(:)L) IZ‘S\)] l\él(jl)-l (MI(;?; M(E/Iic
mmS) mmS) g ° pg n °
Control 11.20 11.88 11.66 31.30 9.11 23.88 31.55
10 % OC 11.90 12.12 11.85 33.55 9.70 25.93 33.30
15 % OC 12.00 12.58 12.22 33.89 10.40 27.60 34.44
25 % OC 12.33 12.72 12.65 34.69 10.66 29.18 36.65
30 % OC 12.55 12.94 13.78 36.45 10.96 30.80 38.10

407 EControl ®10% OC E15%O0C m25%O0OC =30% OC

35

30

25

20
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Fig. (4): Impact of feeding varying amounts of olive cake (OC) on hematological constituents of blood values of
local Barbary lambs.

Discussion

The inclusion of olive cake (OC) in the diets of local Barbary lambs yielded significant improvements in growth
performance, carcass characteristics, and hematological parameters, particularly at inclusion levels up to 30%.
The enhanced growth metrics, including higher final weight, daily gain, and feed intake, are likely attributed to
the nutritional contributions of OC, such as its fiber content and bioactive compounds like polyphenols and
unsaturated fatty acids. These findings are consistent with previous reports indicating that olive cake, when
incorporated moderately, does not compromise growth and may even support enhanced feed utilization and
body weight gain (30); (14).

Improved carcass traits—including higher hot and cold carcass weights, greater dressing percentage, and
increased fat-tail weight—were observed in lambs receiving 30% OC. These outcomes align with (13), who
noted similar carcass improvements in ruminants fed OC-based diets. In contrast, the control group showed the
lowest performance across all carcass parameters. The observed improvements suggest that OC can enhance
energy intake and nutrient availability, likely due to its high content of digestible fiber and residual fat.
Hematologically, OC supplementation resulted in higher red and white blood cell counts, hemoglobin levels,
and improved indices such as MCH, MCV, and MCHC. These values reflect improved physiological status and
oxygen transport efficiency in the lambs. Biochemically, the elevated levels of glucose, cholesterol, HDL, and
liver enzymes (AST, ALT, ALP) further suggest enhanced metabolic activity and possibly improved liver
function under OC supplementation. These trends are supported by findings in similar ruminant studies (4; 48).
Despite some literature suggesting that high levels of OC can reduce feed intake and nutrient digestibility (29),
no such adverse effects were noted at the 30% inclusion level in this study. The observed improvements
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reinforce the potential of OC as a sustainable and economically viable feed ingredient in small ruminant
production systems.

Conclusion

The results of this study demonstrate that dietary inclusion of olive cake up to 30% in the ration of Barbary
lambs positively affects growth performance, carcass yield, and hematological and biochemical parameters.
These enhancements support the use of OC as a valuable agro-industrial by-product for ruminant nutrition,
offering both economic and environmental benefits. The lambs showed no signs of compromised health or
productivity, indicating that OC is both a safe and effective feed alternative.

Recommendations

1.

2.

Optimal Inclusion Level: Based on this study, an olive cake inclusion level of up to 30% is
recommended for local Barbary lambs without adverse effects on growth or health.

Further Research: Future studies should investigate the long-term effects of olive cake feeding under
different climatic and management conditions, as well as its impact on meat quality traits and consumer
acceptability.

In Vivo Digestibility Trials: Additional in vivo trials focusing on digestibility and rumen fermentation
patterns are needed to better understand the metabolic pathways involved in nutrient utilization from
olive cake.

Economic Analysis: It is advisable to conduct a cost-benefit analysis comparing olive cake-based diets
with conventional rations to quantify the economic advantage at the farm level.

Wider Applications: The use of olive cake should be explored in other livestock species such as goats
and cattle to assess its broader applicability in Mediterranean and arid agricultural systems.

References

1.

10.

11.

12.

1. Abbeddou, S., Riwahi, S., Iniguez, L., Zaklouta, M., Hess, H.D. and Kreuzer, M. (2011). Ruminal
degradability, digestibility, energy content and influence on nitrogen turnover of various Mediterranean
by-products in fat-tailed Awassi sheep. Anim. Feed Sci. Technol., 163: 99-110.

Abd El Tawab, A.M., Shaaban, M.M., Hadhoud, F.I., Ebeid, HM. and Khattab, M.S.A. (2018)
Improving utilization of olive cake silage by treating with fibrolytic enzymes on digestibility and gas
production in the rumen. Egypt. J. Nutr. Feeds, 21(2): 333-339.

Aljamal, A.E., Obeidat, B.S. and Obeidat, M.D. (2021). Lactation performance of Awassi ewes fed
diets containing either Atriplex halimus L. or olive cake. Ital. J. Anim. Sci., 20: 426-432.

Amato, A., Liotta, L., Cavallo, C., Randazzo, C.L., Pino, A., Bonacci, S., Frisina, M, Procopio, A.,
Litrenta, F. and Floridia, V. (2024) Effects of feeding enriched-olive cake on milk quality, metabolic
response, and rumen fermentation and microbial composition in mid-lactating Holstein cows. Ital J.
Anim. Sci., 23(1):1069-1090.

Awawdeh, M.S. and Obeidat, B.S. (2013). Treated olive cake as a non-forage fiber source for growing
Awassi lambs: Effects on nutrient intake, rumen and urine pH, per formance, and carcass yield. Asian-
Australas. J. Anim. Sci., 26(5): 661-667.

Bauer, J. D. (1982). Clinical laboratory methods "9% Ed.", the C.V. Company Waistline Industrial
Missorri 63116 chapter 33: 555.

Beken, Y. and Sahin, A. (2011). The effect of prina (olive cake) feeding methods on growth
performance and behavior of Awassi lambs. Int. J. Agric. Biol., 13: 423-426.

Berbel, J. and Posadillo, A. (2018) Review and analysis of alternatives for the valorization of agro-
industrial olive oil by-products. Sustain., 10(1): 237.

Bionda, A., Lopreiato, V., Crepaldi, P., Chiofalo, V., Fazio, E., Oteri, M., Amato, A. and Liotta, L.
(2022). Diet supplemented with olive cake as a model of circular economy: metabolic response in beef
cattle. Front Sustain Food Syst., 6:1077363.

Bogin, E. and Keller, P. (1987). Application of clinical biochemistry to medically relevant animal
models and standardization and quality control in animal biochemistry. J. Clin. Chem. Biochem., 25:
873-878.

Cabiddu, A., Canu, M., Decandia, M., Molle, G. and Pompel, R. (2004). The intake and performance
of dairy ewes fed with different levels of olive cake silage in late pregnancy and suckling periods. In
Nutrition and Feeding Strategies of Sheep and Goats under Harsh Climates; Ben Salem, H., Nefzaoui,
A., Morand-Fehr, P., Eds.; CIHEAM: Zaragoza, Spain, 197-201.

Care, S., Trevisi, E., Minuti, A., Ferrari, A., Loor, J.J. and Calamari L. (2018). Plasma fructosamine
during the transition period and its relationship with energy metabolism and inflammation biomarkers
in dairy cows. Livestock Sci. 216: 138—147.

107 | Libyan Journal of Medical and Applied Sciences LIMAS)



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.
29.

30.

31.

32.

33.

34.

Chiofalo, V., Liotta, L., Presti, V.L., Gresta, F., Di Rosa, A.R. and Chiofalo, B. (2020) Performance,
carcass characteristics, and meat quality of beef cattle. Animals (Basel), 10(7): 1176.

Dattilo, M. and Congiu F. (1995). Effects of olive cake on the productivity of sheep and the amino acid
composition of their meat. In: Proc. 7" Int. Symp. Protein Metabolism and Nutrition, Vale de
Santarem, Portugal, EAAP Publication, (81): 477—482.

Drew, P., Charles, R. J. S., Trevor, B. and John, L. (2004). Oxford Handbook of Clinical Haematology.
2t Edition, Oxford University Press, USA.

Elbaz, A.M., Farrag, B., Mesalam, N.M., Basuony, H.A., Badran, A.M.M. and Abdel-Moneim, A.E.
(2023). Growth performance, digestive function, thyroid activity, and immunity of growing rabbits fed
olive cake with or without Saccharomyces cerevisiae or citric acid. Trop. Anim. Health Prod., 55(6):
376.

El-Elaime, R.R. (2021) Impact of using different levels of dried pomegranate by-products feed
additives on performance of growing Barki lambs. Egypt. J. Nutr. Feeds, 24(1): 25-34

Feldman, B. F., Zinkl, J. G. and Jain, N. C. (2000). Schalm’s veterinary hematology. lippincott
Williams and Wilkins, Philadelphia, USA.

Garba, Y. and Adeola, E.A. (2020). Hematological and serum biochemical profile of growing yankasa
ram lambs fed diets containing graded levels of sesame residue. European J. Agric. Food Sci., 2 (5): 1-
4.

Garcia-Rodriguez, J., Mateos, 1., Saro, C., Gonzélez, J.S., Carro, M.D. and Ranilla, M.J. (2020)
Replacing forage by crude olive cake in a dairy sheep diet: Effects on ruminalfe rmentation and
microbial populations in rustic fermenters. Animals (Basel), 10: 2235.

Hadhoud, F.I., Kholif, A.E., Abd El Tawab, A.M., Shaaban, M.M., Mostafa, M.M.M., Ebeid, H.M. and
Matloup, O.H. (2021) Partial replacement of concentrate with olive cake in different forms in the diet
of lactating Barki ewes affects the lactational performance and feed utilization. Ann. Anim. Sci., 21(4):
1491-1509.

Hadjipanayiotou M. (1994b). Voluntary intake and per formance of ruminant animals offered poultry
litter olive cake silage. Livest. Res. Rur. Dev., 6, 9.

Hamdi, H., Majdoub-Mathlouthi, L., Picard, B., Listrat, A., Durand, D., Znaidi, [.A. and Kraiem, K.
(2016). Carcass traits, contractile muscle properties, and meat quality of grazing and feedlot Barbarian
lamb receiving or not olive cake. Small Rumin. Res., 145: 85-93.

Kotsampasi, B., V.A. Bampidis, A. Tsiaousi, C. Christodoulou and K. Petrotos 2017. Effects of dietary
partly destoned exhausted olive cake supplementation on performance, carcass characteristics and meat
quality of growing lambs. Small Rumin. Res., 156: 33-41.

Lanza, M., Bella, M., Priolo, A. and Fasone V. (2003). Peas (Pisum sativum L.) as an alternative
protein source in lamb diets: growth performances, and carcass and meat quality. Small Rumin. Res.,
47: 63-68.

Macit, M., Esenburga, N. and Karaoglu, M. (2002). Growth performance and carcass characteristics of
Awassi, Morkaraman and Tushin lambs grazed on pasture and supported with concentrate. Small
Rumin. Res., 44: 241-246.

Marche, C., Poulain, M., Nieddu, A., Errigo, A., Dore, M.P.and Pes, G.M. (2024).Is a plant-based diet
effective to maintain a good psycho affective status in old age? Results of a survey of a long-lived
population from Sardinia. Nutr. Neurosci., 27, 382-391.

Mijatovic, L. (1962). Carcass traits of Pramenka from Bi ha¢ area. Stocarstvo, 5(6): 191-194.

Mioc, B., Pavic, V., Vnucec, 1., Prpic, Z., Kostelic, A. and Susic, V. (2008) Effect of olive cake on
daily gain, carcass characteristics, and chemical composition of lamb meat. Czech J. Anim. Sci., 52(2):
31-36.

Molina Alcaide E., Yanez Ruiz D., Moumen A. and Martin Garcia, 1. (2003). Chemical composition
and nitrogen availability for goats and sheep of some olive by-prod ucts. Small Rumin. Res., 49: 329—
336.

Molina Alcaide, E., and Yanez ~ Ruiz, D.R., (2008). Potential use of olive by-products in ruminant
feeding: a review. Animal Feed Sci. Tech., 147: 247-264.

Nunes, M.A., Pimentel, F.B., Costa, A.S.G., Alves, R.C. and Oliveira, M.B.P.P. (2016). Olive by-
products for functional and food applications: challenging opportunities to face environmental
constraints. Innovat Food Sci. Emerg. Technol. 35:139-148.

Obeidat B., Alrababah, M., Abdullah, A., Alhamad, M., Gharaibeh, M., Rababah, T, and Ishmais, M. A.
(2011). Growth performance and carcass characteristics of Awassi lambs fed diets con taining carob
pods (Ceratonia siliqgua L.). Small Rum Res. 96:149—154.

Obeidat, B., Abdullah, A., Mahmoud, K., Awawdeh, M., Al-Beitawi, N. and Al-Lataifeh, F. (2009).
Effects of feeding sesame meal on growth performance, nutrient digestibility, and carcass
characteristics of Awassi lambs. Small Rum Res. 82:13—-17.

108 | Libyan Journal of Medical and Applied Sciences LIMAS)



35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Obeidat, B.S. and Thomas, G.M. (2024). Growth performance, blood metabolites and carcass
characteristics of Black goat kids fed diets containing olive cake. Anim., 14: 272.

Obeidat, B.S., Al-Khazaleh, J., Thomas, M.G., Obeidat, M.D. and Nusairat, B.M. (2024). Dietary
inclusion of olive cake alone or in combination with Saccharomyces cerevisiae in Black goat kids:
Implications for performance and health, Veter. World, 17(11): 2497-2505.

Ozdogan, M., Ustundag, A. and Yarali, E. (2017). Effect of mixed feeds containing different levels of
olive cake on fattening performance, carcass, meat quality and fatty acids of lambs. Trop. Anim. Health
Prod., 49: 1631-1636.

Pavi¢ V. (2002). Sheep breeding. In: Uremovi¢ Z. (ed.): Stocarstvo (Stockbreeding). Faculty of
Agriculture, University of Zagreb. Zagreb, 26: 359-431.

Poli G, Albano E, Dianzani MU. 1987. The role of lipid peroxi dation in liver damage. Chem Phys
Lipids. 45(2-4):117- 142.

Puppel K, Kuczynska B. 2016. Metabolic profiles of cow’s blood; a review. J Sci Food Agric.
96(13):4321-4328.

Ragni, M., Melodia, L., Bozzo, F., Colonna, M.A., Megna, V., Toteda, F. and Vicenti, A. (2003). Use
of a de-stoned olive pomace in feed for heavy lamb production. Italy J. Anim. Sci., 2: 485-487

SAS Institute, (1997). SAS/STAT® User's Guide: Statistics, Version 6.12. SAS Institute Inc, Cary,
NC.

Snowder, G.D., Glimp H.A. and Field, R. A. (1994): Carcass characteristics and optimal slaughter
weights in four breeds of sheep. J. Anim. Sci., 72: 932-937.

Tufarelli, V., M. Introna, E. Cazzato, D. Mazzei and V. Laudadio, 2013. Suitability of partly destoned
exhausted olive cake as by-product feed ingredient for lamb production. J. Anim. Sci., 91: 872-877. 32.
Vargas-Bello-Pérez, E., Vera, R.R., Aguilar, C., Lira, R., Pefia, I. and Fernandez, J. (2013). Feeding
olive cake to ewes improves fatty acid profile of milk and cheese. Anim. Feed Sci. Technol., 184: 94—
99.

Vera, R., Aguilar, C., Toro, P., Squella, F. and Pérez, P. (2013). Performance of lambs grazing an
annual Mediterranean pasture or fed supplements based on olive oil cake or maize and its influence on
system outputs. Anim. Prod. Sci., 53: 516-522.

Yang, K., Qing, Y., Yu, Q., Tang, X., Chen, G., Fang, R. and Liu, H. (2021). By-product feeds: current
understanding and future perspectives. Agric.,11(3): 207 227.

Yang, Y., Yang, S., Tang, J.,, Ren, G., Shen, J., Huang, B, Lei, C., Chen, H. and Qu, K. (2022).
Comparisons of hematological and bio chemical profiles in Brahman and Yunling cattle. Animals
(Basel). 12(14):1813.

109 | Libyan Journal of Medical and Applied Sciences LIMAS)



