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Abstract
The present experiment aimed to evaluate the inclusion of dried olive cake treated or untreated 
with fibrolytic enzyme, partially replacing concentrates in the diet of ewes. Forty lactating Barki 
ewes, weighing 37.1 ± 4.0 kg, were assigned into four treatments (n=10) in a complete randomized 
design for 9 weeks. Ewes were stratified according to parity (2 ± 1 parity) and previous milk 
production (615 ± 11 g/d). The control diet consisted of concentrates and corn fodder at 60:40, 
respectively. For the experimental diets, 30% of the concentrates was replaced with dried olive 
cake (DOC treatment), olive cake silage (SOC treatment) or olive cake silage treated with fibro-
lytic enzymes (ESOC treatment). Without affecting intake, DOC, SOC and ESOC diets enhanced 
(P<0.05) dry matter, organic matter and non-structural carbohydrate digestibility; however, 
ESOC diets increased (P<0.05) neutral detergent fiber and acid detergent fiber digestibility. Ad-
ditionally, DOC, SOC and ESOC diets increased (P<0.05) ruminal total volatile fatty acids, acetate 
and propionate without affecting ruminal pH and ammonia-N concentration. The ESOC diet in-
creased serum glucose concentration (P=0.019). Both of SOC and ESOC diets increased (P<0.05) 
daily milk production and energy corrected milk as well as milk fat concentration (P=0.028). All of 
DOC, SOC and ESOC increased (P<0.05) feed (milk) efficiency compared with the control diet. It 
is concluded that 30% of concentrates can be replaced with olive cake without negative effects on 
performance but with better performance when olive cake was ensiled with or without fibrolytic 
enzymes.

Key words: agricultural byproducts, digestibility, fibrolytic enzymes, lactational performance, ol-
ive cake, ruminal fermentation

The utilization of unconventional feeds and food byproducts in animal feeding 
has a great importance to decrease the cost of feeding and increase the profitabil-
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ity (Khattab et al., 2013; Kholif et al., 2014; Khattab and El Tawab, 2018; Sallam  
et al., 2020). Olive is a major crop in Mediterranean countries (Berbel and Posa- 
dillo, 2018). The extraction of oil from olive is associated with the production  
of large amounts of byproducts mainly olive cake. It is difficult to dispose of  
olive cake and may have a negative environmental impact (Berbel and Posadillo, 
2018). 

The nutritive value of olive cake can support maintenance requirement of ru-
minant. Olive cake consists of olive pulp, skin, stone and water (Molina-Alcaide 
and Yáñez-Ruiz, 2008; Berbel and Posadillo, 2018). It contains low protein (4.8 to  
10.6%) and high fiber (about 58% neutral detergent fiber (NDF), 46% acid detergent 
fiber (ADF) and 24% lignin, DM basis) and oil (18–25% of DM) contents (Cabiddu 
et al., 2004; Molina-Alcaide and Yáñez-Ruiz, 2008; Abbeddou et al., 2011) with 
a low digestibility (Molina-Alcaide and Yáñez-Ruiz, 2008). Moreover, olive cake 
contains high oleic acid content (Berbel and Posadillo, 2018) which may enhance 
the nutritional value of animal products (milk and meat) for human consumption. 
The chemical composition of olive cake makes it a low-quality feedstuff. Therefore, 
efficient utilization of the olive cake as a ruminant feed requires upgrading its nutri-
tional value before feeding. Different approaches have been evaluated to enhance the 
nutritive value of olive cake. Chemical treatment increased nutrient digestibility of 
olive cake (Nefzaoui and Vanbelle, 1986; Keleş, 2015). Additionally, ensiling (Had-
jipanayiotou, 1999; Cabiddu et al., 2004), and treatment with exogenous fibrolytic 
enzymes (Awawdeh and Obeidat, 2013) showed variable results.

Studies have shown that olive cake can be included in the diet of lactating sheep 
up to 30% without negativ effects on feed utilization or milk production (Cabiddu et 
al., 2004; Abbeddou et al., 2011; Vargas-Bello-Pérez et al., 2013). In another experi-
ment (Chiofalo et al., 2004), olive cake at 20% of the diet increased milk production 
of ewes. The main problem of feeding olive cake is the variable chemical composi-
tion, and the high content of raw fiber, tannin and phenols, causing unfavorable ef-
fects on digestion and cellulolytic activity of ruminal microorganisms (Mioč et al., 
2007). Therefore, fibrolytic enzyme, such as cellulase and xylanase, administration 
can enhance its utilization and increase fiber digestibility (Abd El Tawab et al., 2015; 
Salem et al., 2015 b; Morsy et al., 2016; Kholif et al., 2018 c). Treatment with fibro-
lytic enzymes showed promising results to enhance the nutritive value of poor qual-
ity feeds (Kholif et al., 2017 b) and enhance the performance of lactating animals 
(Kholif et al., 2018 c; Azzaz et al., 2020).

Therefore, the aim of the present study was to evaluate the effects of replacing 
30% of concentrates (equal to 18% of total diets) in the diet of lactating Barki sheep 
at three forms including dried olive cake, ensiled olive cake without additives or en-
siled with fibrolytic enzymes. We hypothesized that feeding a diet containing olive 
cake with or without fibrolytic enzyme treatment might improve milk production and 
feed utilization without negative effects on blood biochemistry. Additionally, we hy-
pothesized that the treatment with fibrolytic enzymes might improve the utilization 
of olive cake through increasing fiber digestibility.
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Material and methods

Study location
The experiment was carried out at the Animal Production Experimental Farm, 

Nuclear Research Center (Egypt), whereas analyses were performed at the Labo-
ratory of Dairy Animal Production, National Research Centre (Egypt). Ewes were 
managed in accordance with the Guide for the Care and Use of Agricultural Animals 
in Agricultural Research and Teaching (Federation of Animal Science Societies; 
Champaign, IL, USA).

Enzymes and ensiling
Fibrolytic enzymes were produced from anaerobic bacteria (Clostridium butyri-

cum) at Dairy Science Department, National Research Centre (Egypt). Each gram 
of enzymes contains 5000 IU/g of cellulase. Full description about production of 
enzyme can be founded in Khattab et al. (2017, 2019).

Fresh olive cake (Olea europaea) was collected from Modern Olive Oil Extrac-
tion Plant at Al Salhiya Agricultural Company, Al Sharqia (Egypt). Crude olive cake 
was prepared simply by adjusting the moisture content to 65–70% before ensiling. 
Olive cake silage was prepared by spraying fresh olive cake with four liter of en-
zyme solution per ton DM of olive cake. Another olive silage was prepared without 
enzyme treatment. The material was ensiled in plastic bags for two months before 
feeding to the ewes. 

Before feeding, silage quality was evaluated by measuring pH, ammonia-N, ace-
tic, butyric and lactic acid concentrations. A homogenized sample of silage (200 
g fresh weight) was mixed with 800 mL of distilled water and homogenized for 3 
min with a laboratory blender and then filtrated through 4 layers of cheesecloth. 
The pH value was measured by using an HI 9321 microprocessor pH/mV/°C bench 
meter (Hanna® Instrument, Singapore). Ammonia-N concentration was determined 
by Kjeldahl distillation according to AOAC (1997). Before determination of acetic, 
butyric and lactic acid concentrations, samples (40 mL silage fluid) were centrifuged 
for 15 min at 6000 ×g at 4°C to prevent loss of volatiles. The concentrations of 
acetic, butyric and lactic acids were determined using gas-liquid chromatography 
(model 5890, HP, LittleFalls, DE, USA) and lactic acid (L-1750; Sigma-Aldrich, 
ON, Canada) was used as a standard (Abd El Tawab et al., 2020). 

Ewes, diets and experimental design
One week before lambing, forty Barki ewes with 37.1 ± 4.0 kg, were random-

ly assigned to four experimental treatments (n=10) in a complete randomized de-
sign for 9 weeks. Ewes were stratified according to parity (2 ± 1 parity) and pre-
vious milk production (615 ± 11 g/d). Ewes were individually housed in pens  
(1.5 m2/ewe), with free access to water. Individual ewes were weighed weekly on  
a digital multi-purpose platform scale. Ewes were offered the experimental diets to 
meet their nutrient requirements according to NRC (2007). Adjustments were made to 
the diets to ensure collection of orts. The control diet was based on (per kg DM): 600 
g of concentrates feed mixture and 400 g corn fodder (Zea mays L.). In the other diets, 



F.I. Hadhoud et al.1494

30% of concentrates was replaced with dried olive cake (DOC treatment), olive cake 
silage (SOC treatment) or olive cake silage treated with fibrolytic enzymes (ESOC 
treatment). Diets were offered, twice a day, at 06:00 and 17:00 h. Ewes were offered 
the portion of concentrate feed mixture, followed by corn fodder. The ingredients 
and chemical composition of the diets and ingredients are shown in Tables 1 and 2. 

Nutrient intake, digestibility, and chemical analyses
During the whole experiment, feed intake was recorded daily for each ewe by 

weighing the offered diets and refusals from the previous day (Abo El-Nor and Khat-
tab, 2012). Two nutrient digestibility trials were carried out at the 5th and the 9th weeks, 
using acid insoluble ash as an internal indigestible marker (Sales and Janssens, 2003). 
Coefficients of digestion were calculated according to Ferret et al. (1999). Fecal grab 
samples were collected from ewes, twice daily during the collection weeks (5th and 
9th weeks) at 07:00 and 18:00 h, dried at 105°C in a forced-air oven for 12 h (AOAC, 
1997), and pooled by ewe. The composited fecal samples, feed and orts samples were 
ground to pass a 1-mm screen using a Wiley mill grinder (Arthur H. Thomas, Philadel-
phia, PA, USA), and retained for later determination of compositional contents.

Table 1. Ingredients and chemical composition of diets fed to the lactating Barki ewes

Diets1

Control DOC SOC ESOC
Ingredients (g/kg DM)

corn fodder 400 400 400 400
yellow corn 132 60 60 60
sugar beet pulp 186 114 114 114
wheat bran 162 114 114 114
soya bean meal 42 54 54 54
undecorticated cotton seed cake 60 60 60 60
dried olive cake 0 180 0 0
silage of olive cake 0 0 180 0
silage of olive cake treated with enzyme 0 0 0 180
sodium chloride 6 6 6 6
mineral/vitamin mixture2 2.4 2.4 2.4 2.4
dicalcium phosphate 9 9 9 9
sodium bicarbonate 0.6 0.6 0.6 0.6

Chemical composition (g/kg DM)
dry matter 897 913 883 897
organic matter 930 932 932 935
crude protein 106 114 103 116
ether extract 64 65 74 68
non-structural carbohydrates 254 215 240 225
neutral detergent fiber 506 538 514 526
acid detergent fiber 268 312 302 311

1Diets: Thirty percent of the concentrates was replaced with dried olive cake (DOC treatment), olive cake 
silage (SOC treatment) or olive cake silage treated with fibrolytic enzymes (ESOC treatment).

2Provided per kilogram of the diet: 30 mg Zn as Zn SO4.7H2O; 20 mg Mn as MnSO4.H2O; 0.5 mg I as KI;  
0.1 mg Co as CoCl2; 0.1 mg Se as Na2SeO3, 1500 IU vitamin A; 250 IU vitamin D and 16 IU vitamin E.
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Feed, orts, and fecal samples were analyzed for ash after heating samples in 
a muffle furnace at 550°C for 3 h (method ID 942.05), N using Kjeldahl method 
(method ID 954.01), and ether extract (EE) using diethyl ether in a Soxhlet extractor 
(method ID 920.39) according to AOAC (1997) official methods. Neutral detergent 
fiber was determined as reported previously (Van Soest et al., 1991) by using sodium 
sulfite instead of alpha-amylase. Acid detergent fiber (method ID 973.18) was ana-
lyzed according to AOAC (1997); (method ID 973.18) after digestion with sulfuric 
acid and cetyl trimethylammonium bromide, and expressed exclusive of residual 
ash. Lignin was analyzed by solubilization of cellulose with sulfuric acid in the ADF 
residue according to Van Soest et al. (1991). Organic matter (OM) and non-structural 
carbohydrate (NSC) were calculated.

Sampling and analyses of ruminal fluid
On the last day of the 5th and 9th weeks of the experiment, ruminal contents 

were sampled at 3 h after the morning feeding from all ewes to determine the pH 
and concentration of ammonia-N and individual volatile fatty acids (VFA). Ruminal 
contents (approximately 100 mL) were collected by using a stomach tube, and the 
composite samples taken from each ewe were strained through 4 layers of cheese-
cloth. To avoid saliva contamination of ruminal content, the first 50 mL of the rumen 
fluid sample was discarded. The pH of ruminal fluid was measured immediately 
using a pH meter (HI98127 pHep®4 pH/Temperature Tester, Hanna® Instruments, 
Villafranca Padovana PD, Italy).

A subsample of 5 mL was preserved in 5 mL of 0.2 M HCl for ammonia-N analy-
sis. For total VFA analysis, 0.8 mL of the ruminal liquor was mixed with 0.2 mL of 
a solution containing 250 g of metaphosphoric acid/L. All samples were stored at 
−20°C, until analyzed in the laboratory for the concentration of ruminal ammonia-
N according to AOAC (1997) and individual VFA by gas-liquid chromatography 
(Varian 3700; Varian Specialties Ltd, Brockville, Ontario, Canada). The separation 
process was carried out with a capillary column (30 m × 0.25 mm internal diameter, 
1-mm film thickness, Supelco Nukol; Sigma–Aldrich, Mississauga, Ontario, Can-
ada) using a flame ionization detection. Methane (CH4) production (mmol/L) was 
calculated as: CH4 =0.45 (acetate) − 0.275 (propionate) + 0.4 (butyrate) as described 
by Moss et al. (2000).

Sampling and analyses of blood serum
On the last day of the 5th and 9th weeks of the experiment, blood samples (10 

mL) were taken 4 h after feeding from the jugular vein of all ewes into plain clean 
dry tubes without anticoagulants. Blood samples were centrifuged at 4,000 × g for 
20 min. Serum was separated into 2-mL clean dried Eppendorf tubes and frozen at 
−20°C, until analysis using specific kits (Stanbio Laboratory, Boerne, TX, USA) 
and following manufacturer instructions. Serum triiodothyronine (T3) and thyrox-
ine (T4) concentrations were determined according to the procedure specified with the 
RIA coated tubes kits produced by RIAKEYTUBE II®, Republic of Korea (Code No: 
RT10&RT02).
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Milk sampling, and milk composition 
Ewes were milked weekly during the last three days of each week by hand twice 

daily at 06:00 and 18:00 h, and samples (10% of recorded milk yield) were collected 
at each milking (Morsy et al., 2015). A mixed sample of morning and evening milk 
was taken daily. Milk samples were analyzed for total solids, fat, protein, and lac-
tose, using infrared spectrophotometry (Milkotester LM2, Belovo, Bulgaria). The 
ash content of milk was determined after heating a milk sample in a muffle furnace 
at 550°C for 8 h. 

Average yields (g/d) of each milk component were calculated for individual ewes 
by multiplying milk yield by the component content (g/kg) of milk. The gross energy 
content of milk was calculated according to Tyrrell and Reid (1965) as: milk energy 
content (MJ/kg) = 4.184 × 2.204 × [41.63 × fat (g/100 g) + 24.13 × protein (g/100 
g) + 21.60 × lactose (g/100 g) – 11.72)/1000]. Milk energy output (MJ/day) was cal-
culated as milk energy (MJ/kg) × milk yield (kg/day). Energy corrected milk (ECM) 
was calculated according to Sjaunja et al. (1991) as: ECM (kg/day) = milk (kg/day) 
× [38.3 × fat (g/kg) + 24.2 × protein (g/kg) + 16.54 × lactose (g/kg) + 20.7]/3140.

Statistical analyses
Data for intake, nutrient digestibility, ruminal fermentation, blood profile, and 

milk yield and composition were analyzed using the PROC MIXED procedure of 
SAS (Version 9.4, SAS Inst., Inc., Cary, NC), with week as a repeated measures and 
individual animal as the experimental unit. The model included: Yijk = µ + Ti + Pj + 
(T × P)ij + Eijk, where Yijk is each individual observation for a given variable, µ is the 
overall mean, Ti is the treatment effect, Pj is the period effect, (T × P)ij is the inter-
action between treatment and period, and Eijk is the residual error. Two covariance 
structures were considered in the REPEATED statement in PROC MIXED: com-
pound symmetry (cs) and auto-regressive (AR(1)). The error structure with the low-
est Akaike information criteria that fits statistics was selected for the model. When 
the F-test was significant at P<0.05, means were compared by applying the prob-
ability of difference option of the least squares means statement. In addition, means 
were also compared using single-degree of freedom orthogonal contrasts (i.e., DOC 
vs. SOC and SOC vs. ESOC). The week effect and treatment × week interactions 
were non-significant (i.e., P>0.05) for most of the measurements; thus, only the main 
effects of treatments were reported.

Results

Nutrient intake and digestibility
Treatments did not affect intake of fresh corn fodder, concentrates or total feed 

intake (Table 3). Compared with the control diet, DOC, SOC and ESOC increased 
the digestibility of DM (P=0.015), OM (P=0.02) and NSC (P=0.014). Replacing the 
concentrates with ESOC increased NDF (P=0.035) and ADF (P=0.025) digestibility 
compared with the other treatments.
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Ruminal fermentation 
Diets did not affect ruminal pH, ammonia-N concentration, butyrate, acetate/pro-

pionate ratio, CH4 or CH4/VFA (Table 4). The DOC, SOC and ESOC diets increased 
ruminal total VFA (P=0.001), acetate (P=0.008) and propionate (P=0.012) compared 
with the control treatment. No difference was observed between DOC, SOC and 
ESOC treatments for total or individual VFA.

Blood metabolites 
Diets did not affect the concentration of total proteins, albumin, globulin, al-

bumin/globulin ratio, urea-N, glutamate-pyruvic transaminase (GPT), glutamate- 
-oxaloacetate transaminase (GOT), cholesterol T3 and T4 (Table 5). The ESOC diet 
increased serum glucose concentration (P=0.019) compared with the control and 
DOC diets.

Performance
Figure 1 shows body weight of ewes fed a control and experimental diets. 

Body weight did not differ between treatments throughout the experimental period 
(P=0.866).

Figure 1. Body weight of ewes fed a control diet based on corn fodder and concentrates feed mixture at 
40:60 (DM basis). Thirty percent of the concentrates in the control diet was replaced with dried olive 
cake (DOC treatment), olive cake silage (SOC treatment) or olive cake silage treated with fibrolytic 

enzymes (ESOC treatment) over 9-week experiment. (P= 0.866, SEM= 0.492)

Each of SOC and ESOC diets increased (P<0.05) daily productions of milk, ECM 
and yields of milk components compared with the control diet (Table 6). Diets did 
not affect the concentration of milk total solids, solids not fat, protein, lactose, ash 
and milk energy; however, both of SOC and ESOC diets increased milk fat concen-
tration (P=0.028). Diets of DOC, SOC and ESOC increased feed (milk) efficiency 
calculated as milk yield/DM intake (P=0.021) or ECM yield/DM intake (P=0.011) 
compared with the control diet.
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Discussion

Nutrient intake and digestibility
In the present study, replacing concentrates with olive cake, at any form, did not 

affect feed intake, revealing unaffected feed palatability (Abdel-Aziz et al., 2015). 
Vargas-Bello-Pérez et al. (2013) observed unaffected feed intake of sheep fed diet 
containing olive cake at 10 or 25% of diet. Conversely, Cabiddu et al. (2004) ob-
served negative effect with feeding olive cake on feed intake to lactating cows. How-
ever, increased feed intake was noted when sheep were fed olive cake as pellets (116 
g DM/BW0.75/day) than as silage (99 g DM/BW0.75/day) due to the reduced retention 
time of olive cake in the rumen as a result of reducing particle size (Nefzaoui and 
Vanbelle, 1986). Variability between experiments is mainly due to differences in ani-
mal species, the chemical composition, oil extraction process, degree of extraction, 
level of residual oil and proportion of different physical components (stone, skin, 
pulp, water) (Habeeb et al., 2017).

It is known that nutrient digestibilities of olive cake are low and variable (Mo-
lina-Alcaide and Yáñez-Ruiz, 2008); however in the present experiment, replacing 
concentrates with DOC, SOC or ESOC increased the digestibility of DM, OM and 
NSC. Awawdeh and Obeidat (2013) reported that it is difficult and probably inap-
propriate to compare “specific” values of nutrient digestibility from previous studies 
with the present values of nutrient digestibility due to inherent differences among 
studies in terms of experimental settings (basal diet and level of intake), type and 
level of tested olive cake, and techniques for estimating digestibility. Improved nu-
trient digestibility may be related to enhanced microbial activity in the rumen and 
improved ruminal fermentation (Molina-Alcaide and Yáñez-Ruiz, 2008; Valdes et 
al., 2015). Decreasing ruminal protozoa (Molina-Alcaide and Yáñez-Ruiz, 2008) 
and improving microbial protein synthesis in the rumen (Firkins, 1997) with feeding 
olive cake due to the high content of unsaturated fatty acids found in olive cake have 
been documented. Additionally, Molina-Alcaide and Yáñez-Ruiz (2008) reported 
that feeding olive cake might enhance the rumen microbial population, especially on 
cellulolytic activity depending on its oil content.

Expectedly, olive cake silage treated with fibrolytic enzymes increased fiber di-
gestibility probably due to breaking off cross linkages between lignin and cell wall 
components and solubilizing cell wall contents (mainly hemicellulose) by fibrolytic 
enzymes (Khattab et al., 2011; Kholif et al., 2017 b). Fibrolytic enzymes can change 
the rate of ruminal degradability of the potentially digestible NDF (Yang et al., 1999; 
Togtokhbayar et al., 2015) and increase the activity and number of non-fibrolytic and 
fibrolytic bacteria population in rumen fluid (Wang et al., 2001). 

Ruminal fermentation 
Replacing the concentrates with olive cake did not affect ruminal pH, which were 

above the value (5.6) indicated by Ryle and Ørskov (1990) for digestion of fiber. In 
line with the present results, Awawdeh and Obeidat (2013) observed that feeding 
olive cake to lambs at 10.1% of total diet did not affect ruminal pH. Additionally, 
feeding olive cake did not affect ruminal ammonia-N concentration; however, all 



F.I. Hadhoud et al.1504

noted concentrations were above the lowest level of 5 g ammonia-N/L indicated by 
Satter and Slyter (1974) for optimum ruminal microbial proliferation and activity. 
Nefzaoui and Vanbelle (1986) observed unaffected ruminal ammonia-N concentra-
tion in lambs fed either hay or ensiled olive cake.

Olive cake containing diets increased ruminal total VFA which may be related 
to the enhanced nutrient digestion, especially OM, fiber and NSC (Elghandour et 
al., 2015, 2016; Salem et al., 2015 a). The concentration of VFA depends mainly 
on fiber and NSC concentrations in diet, feed digestion and ruminal microbiome 
activity (Flatt et al., 1956; Rojo et al., 2015). Increasing VFA concentration reveals 
that the level of dietary fiber in olive cake enhanced cellulolytic activity in the ru-
men (Lu et al., 2008). Moreover, feeding olive cake increased ruminal acetate as  
a result of the enhanced fiber digestion of the diets. Increasing ruminal acetate favors 
the production of milk fat (Abd El Tawab et al., 2020), as noted in the present ex-
periment. Replacing the concentrates with olive cake increased ruminal propionate, 
which is paralleled with the result of OM and NSC digestibility via the fermentation 
of sugars released by cell wall hydrolysis by ruminal enzymes making OM and NSC 
digestibility as the main reasons for increasing ruminal propionate (Morsy et al.,  
2018; Kholif, 2019). Increasing propionate production in the rumen elevates precur-
sor’s availability and improves nutrient utilization and increases milk production 
and milk lactose content (Rigout et al., 2003), as propionate is the primary gluco-
neogenic VFA required for lactose biosynthesis (Linn, 1974; Kholif et al., 2018 a,  
Kholif, 2019).

Ensiling with or without fibrolytic enzymes did not affect ruminal fermentation 
as the results of ESOC treatment did not differ from those of SOC treatment. We 
hypothesized that fibrolytic enzyme treatment may increase acetate concentration 
as a result of enhancing fiber digestibility but this was not observed without a clear 
reason.

Blood metabolites
All studied blood metabolites were within the established reference ranges for 

ewes, revealing the absence of negative effects of the treatments on blood chemistry 
(Rivero et al., 2016). Replacing the concentrates with olive cake did not affect the 
concentrations of total proteins, albumin, globulin, albumin/globulin ratio and urea-
N suggesting minimal effects on the nutritional status of ewes, minimal protein ca-
tabolism, and normal kidney function. Additionally, feeding olive cake did not affect 
the concentrations of serum GPT, GOT and cholesterol indicating minimal effects of 
the treatments on the health of the livers of ewes (Olafadehan et al., 2014).

Ensiling of olive cake with fibrolytic enzymes increased serum glucose con-
centration compared with the control or dried olive cake as a result of increasing 
propionate production because more than half of the blood glucose in ruminants 
is synthesized from propionate in the liver (Huntington et al., 2006; Kholif et al.,  
2017 a). The improved digestibility of OM can be another reason of the increased 
glucose because results of OM digestibility are parallel with those of blood glucose. 
Such results indicate marginal body fat mobilization and enhanced ewe’s energy 
status. 
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Performance
The major finding of the current study was that ensiling of olive cake without 

or with fibrolytic enzymes increased production of daily milk (by 17.5 and 17.8%, 
respectively) and ECM (by 18.2 and 27.1%, respectively). This reflects the cumula-
tive effect of improved nutrient digestion and altered ruminal fermentation (Kholif 
et al., 2021) with feeding olive cake (Chiofalo et al., 2004). Increasing milk produc-
tion without affecting feed intake was reflected as enhanced feed (milk) efficiency 
calculated as milk yield/DM intake by 10.8, 16.2 and 16.2% and calculated as ECM  
yield/DM intake by 15.4, 20.5 and 23.1%, respectively for DOC, SOC and ESOC treat-
ments compared with the control diet. Chiofalo et al. (2004) noted increased milk pro-
duction with feeding lactating goats on diet containing 20% olive cake (649 g vs. 772 g 
per animal per day). Increased feed digestion and utilization by rumen microbiome 
and minimized calorie and protein losses during rumen fermentation can be con-
sidered as the main reasons for the increased milk yield (Azzaz et al., 2020). In 
the present experiment, increased concentration of ruminal propionate, which is the 
precursor for gluconeogenesis and lactose synthesis, increased glucogenic precur-
sors that have favorable effects on milk yield (Rigout et al., 2003). As previously 
noted, increasing blood glucose indicates a good index of energy status of a diet, 
and can be considered as another reason for the increased milk production (Rigout 
et al., 2003). Rigout et al. (2003) reported a curvilinear increased milk production as  
a result of improved glucogenic precursors in dairy cows. 

Replacing concentrates with olive cake did not affect the concentration of 
milk components; however, ensiled olive cake with or without fibrolytic enzymes 
increased milk fat concentrations by 5.2 and 8.9%, respectively. Hadjipanayiot-
ou (1999) reported that the inclusion of olive cake silage in the diet of lactating 
Chios ewes, Damascus goats, and Friesian goats increased milk fat content. Im-
proving milk fat concentration is mainly due to the enhanced digestibility of fiber 
and production of ruminal acetate; the main precursor for fat biosynthesis (Kho-
lif et al., 2018 b; Abd El Tawab et al., 2020). In consistency with the present re-
sults, Cabiddu et al. (2004) and Abbeddou et al. (2011) reported no effect on milk 
composition with feeding lactating ewes on diets containing olive cake at 200 and  
300 g/ewe, respectively. In another experiment, Vargas-Bello-Pérez et al. (2013) observed 
that including olive cake in the diet of sheep at 10 and 25% did not affect milk composi-
tion; however, total solids concentration increased with diet containing 25% olive cake.

Conclusions
Olive cake ensiled without or with fibrolytic enzymes can replace 30% of con-

centrates (equal to 18% of the total diet) in the diet of lactating Barki ewes. The 
inclusion of olive cake did not affect feed intake, enhanced nutrient digestibility and 
ruminal fermentation and increased milk yield. Ensiling of olive cake with fibrolytic 
enzyme showed better performance compared with ensiling it without fibrolytic en-
zymes, but the differences were insignificant; therefore, the enzyme treatment of 
olive cake has no advantages. However, additional studies, involving in vitro and in 
vivo  evaluations, are recommended to investigate different levels of treated olive 
cake on the performance of animals at different stages of production.
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