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ABSTRACT 

 
Depending on species and the utilized production system, feed represents the biggest variable cost to livestock 

producers. For example, feed cost represents 40-50% of the production cost of intensively managed cows and up 

to 60-70% of the cost of extensively managed sheep and goats. In either case, its proportion is substantial to the 

profitability of any animal operation. Livestock producers in Jordan face great hardships and challenges related to 

the environmental impact, animal health, market variability, and, most importantly, feed prices due to the limited 

feed production stemming from low rainfall. Most of the main feed ingredients in Jordan’s livestock sector are 

imported making them quite expensive. This review discusses the use of alternative feed ingredients (namely olive 

cake (OC)) in animal nutrition as a means of reducing the cost of feeding and improving returns to producers. 

Olive oil is one of the healthiest oils available and represents an important part of the Mediterranean diet. The 

increased demand for olive oil and olive fruits accelerated the increase in planting olive trees to meet these needs. 

This, in turn, has led to a significant increase in olive residues, such as olive cake (OC). These residues 

(byproducts) can be a source of pollution if not disposed of properly. The main objective of this review is to focus 

on the importance of OC in animal nutrition and its impact on the economics of livestock production. Most of the 

studies we dealt with in this review have shown that incorporating OC (in small substitutions) into the rations of 

livestock has no adverse effects on animal health and productivity. Thus, utilizing low-cost, agro-industrial by-

products, such as OC, can be beneficial from environmental and economic points of view. 
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INTRODUCTION 

The Hashemite Kingdom of Jordan is celebrating its 

100th anniversary. Since its inception, Jordan has given its 

great attention to the agricultural sector, in general, and the 

livestock sector, in particular. The livestock sector is 

considered of special importance in Jordan, as it plays 

important roles in economic and social development; it 

provides employment opportunities in addition to being the 

livelihood and way of life for residents of the rural and desert 

communities. This sector also contributes to food security in 

the Kingdom by providing meat, milk, and table eggs. Earlier 

on (when Jordan had better rainfall), livestock producers 

relied on pasture/range as the main source of nutrients, which 

made raising animals economically feasible and profitable. 
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In the last few decades, with the advancement of intensive 

production systems along with the scarcity of good pastures, 

the provision of feeds has become the biggest concern for 

livestock producers.  

Climatic changes have resulted in successive years of 

drought and fluctuations in rainfall which largely contributed 

to pasture/range scarcity. To overcome pasture limitations, 

producers relied on different grains and forages to feed 

animals. This was initially economically feasible, but since 

most of these feeds were imported, their prices rose to where 

the cost of feed comprises 70% of the cost of production 

(Obeidat et al., 2019b). Additionally, this year we have 

witnessed unprecedented feed prices due to the COVID-19 

pandemic (along with other factors) thus compounding the 

high feed cost problem. Therefore, farmers are seeking non-

traditional feed alternatives as a way of reducing their cost of 

production. Recently, the utilization of plant and agro-

industrial by-products contributed to feeding livestock when 

they replaced grains and protein sources in the ration 

(Obeidat, 2020).   

Interactions exist between the number of animals, the 

quantity and quality of available and consumed feeds, and 

animal performance; as the number of animals increases, the 

number of feeds required increases. Soybean meal, corn, 

barley, and wheat bran are the major ingredients that supply 

protein, fiber, and energy to the different classes of animals 

(Aloueedat et al., 2019). With the increased international 

demand for these feeds, prices increase portentously and 

exert pressure on livestock producers. Typically, there are 

largely seasonal and yearly variations in the quality and 

quantity of these feed ingredients, which complicates the 

production process (Obeidat, 2018). Therefore, the need to 

find other feed resources or by-products is required to meet 

the shortage in the availability of feeds without affecting the 

quality of diets that are supplied to the animals (Obeidat, 

2017); a good candidate is an olive cake (OC). 

The olive cake is considered to be the main by-product 

of the olive oil production systems (Awawdeh and Obeidat, 

2013) and is composed of skin, crushed pulp, stone wall, 

kernel, and the remaining oil (Obeidat, 2017). In recent 

years, the consumption of olive oil has been increasing and, 

consequently, the need for more olive trees is increasing 

(International Olive Oil Council, 2021). Olive, and 

subsequent oil, production is seasonal with about 200 kg of 

oil and 800 kg of OC being produced per ton of olive fruits 

(Alburquerque et al., 2004). A large amount of OC 

accumulates in a short period and utilizing this by-product 

should alleviate environmental pollution and reduce 

contamination of the soil and water resources (Weinberg et 

al., 2008). The increasing demands and the high price of 

feedstuff creates a challenge for farmers and producers. The 

use of alternative feeds, such as OC, may reduce the burden 

of cost on the farmers. Therefore, this review compiles our 

research and the available literature to provide information 

to researchers, producers, and stakeholders on the use of 

olive cake in feeding livestock. 

Chemical composition of olive cake  

Introducing unconventional forages, such as OC, when 

feeding small ruminants requires sufficient research to 

understand and evaluate the animal’s response (palatability, 

intake, incorporation rate, digestibility, performance, etc.) to 

agro-industrial by-products. The nutrient content of 

alternative feeds is one of the most important points that must 

be understood to evaluate the nutritional value of these by-

products. Because of the variable nature of these products, 

nutrient content (such as dry matter (DM), crude protein 

(CP), neutral detergent fiber (NDF), acid detergent fiber 

(ADF), ether extract (EE), etc.) must be assessed before 

adopting alternative feeds as part of the diet. In arid and semi-

arid areas, such as Jordan, the use of pasture/range as a 

source of forages is limited due to the shortage in rainfall and 

water resources. Therefore, most livestock depends on the 

use of wheat and barley straw to cover the shortage in fiber 

sources (Obeidat et al., 2014). However, these ingredients 

are characterized by not only lower nutritive value and 

digestibility but also by being cost-ineffective in feeding 

livestock (Obeidat et al., 2019).   
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The chemical composition of OC varies according to 

season, the method of oil extraction, the level of ripeness of 

the fruit, and the geographical origin of olives (Obeidat, 

2017). Olive cake contains about 51% DM, 95% OM, 6.5% 

CP, 54% NDF, 37% ADF, and 22% EE on DM basis 

(Awawdeh and Obeidat, 2013). As OC has residual oil, it 

contains a higher digestible EE component than other fiber 

sources (Chiofalo et al., 2004). However, the metabolizable 

energy of OC (1-2 MJ\kg DM) is less than half of that in 

straw (Abbeddou et al., 2011). The olive cake is classified as 

low-quality feedstuff (Awawdeh, 2011) due to high cell wall 

constituents (NDF, lignocellulose (ADF), and lignin (ADL) 

(Martı́n Garcı́a et al., 2003). Another ingredient that makes 

up 25-30% of the OC composition is the residual water, in 

addition to the crude fiber that covers about 27-41% of the 

olive cake composition (Chiofalo et al., 2004). Further, OC 

contains low amounts of crude protein (ranges between 4.8-

10.6 %; (Martı́n Garcı́a et al., 2003; Molina-Alcaide and 

Yáñez-Ruiz, 2008)). The protein content of the olive cake is 

characterized by low digestibility, which is mainly related to 

the attachment of 71% of the nitrogen to the rumen cell wall 

making it unavailable for digestion (Abbeddou et al., 2011). 

The variations in the chemical composition of the OC make 

it necessary to be analyzed before using it in animal nutrition. 

However, the content of nutrients makes the use of these 

residues have a positive effect in raising livestock. 

Dry matter intake and nutrient digestibility 

Olive cake can be used as an alternative feed for 

ruminants. However, as previously discussed, OC has poor 

quality (Awawdeh, 2011). Thus, the effect of OC on animals 

mainly depends on the level of feeding. At lower levels, OC 

may not exert any effects on the palatability of feed, 

rendering the intake unchanged. As such, the available 

literature may yield contradictory results. (Awawdeh and 

Obeidat, 2013) reported that using sun-dried OC and acid-

treated sun-dried OC (up to 10% of the ratio) did not affect 

intakes of DM, OM, CP, NDF, or ADF of lambs. Similarly, 

(Abo Omar et al., 2012) reported that 15% inclusion of 

various types of OC (crude, alkali-treated, or ensiled) 

produced no adverse impact on Awassi sheep performance. 

In a recent study, (Abid et al., 2020) found that treating OC 

with fibrinolytic enzymes improved DM intake in growing 

lambs. Several other studies in lambs (Kotsampasi et al., 

2017; Obeidat, 2017; Tufarelli et al., 2013), ewes (Abo 

Omar et al., 2012; Vargas-Bello-Pérez et al., 2013) and dairy 

cows (Castellani et al., 2017; Neofytou et al., 2020) 

demonstrated that diets with low levels of OC did not affect 

nutrient intake. While (Castellani et al., 2017) found no 

differences in DM intake in dairy cows fed 0.4 kg dried OC, 

(Cabiddu et al., 2004) reported a decrease in DM intake 

when dairy ewes were fed OC at 10 and 20% DM. The 

differences between the two studies can be attributed to 

species differences, the composition of the diets, and/or the 

level of OC feeding. 

Conventional roughages, like barley hay and straw, can 

be replaced with OC with proper caution to prevent a 

reduction in intake. In that context, (Hadjipanayiotou, 1999) 

found a higher intake of EE, ADF, NDF, and lignin in 

lactating ewes, Damascus goat, and Friesian cows when 

replacing conventional roughages with OC silage fed at 0.37, 

0.39, and 2.66 kg OC silage on DM basis, respectively; CP 

intake did not differ by that replacement. As previously 

mentioned, OC fed at high levels can impact palatability 

resulting in reduced feed intake. The addition of OC at 

32.3% attenuated the voluntary intake of feed by lamb, as the 

intake was higher among the control group compared to the 

OC group (Vera et al., 2013). (Aljamal et al., 2021) reported 

that DM intake decreased when lactating Awassi ewes were 

fed OC at 25% compared with ewes fed the control diet. 

Similar results were reported when high levels of OC were 

fed to ewes (up to 49% of the diet) (Abbeddou et al., 2011; 

Beken and Sahin, 2011; Cabiddu et al., 2004; Sadeghi et al., 

2009). In summary, DM and other nutrient intakes in diets 

containing OC are variable and depend on the diet 

composition and the level of the OC inclusion; intake may 

decrease at higher OC inclusion rates due to palatability 

issues.   
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In addition to the discussion above of feed intake, OC 

tends to have low energy metabolism and digestibility. This 

stems from the high levels of tannins (1.4% of DM) (Sadeghi 

et al., 2009), the nearness of proteins in the lignocellulosic 

compound, the high lignin content, and the high heat level 

during oil extraction (Sadeghi et al., 2009). High levels of 

tannins lead to reduced feed intake and lower feed 

digestibility (Feggeros and Kalaisakes, 1987).  Our research 

has shown that, other than EE, lower nutrient digestibility 

was observed in diets containing 15% OC feed compared to 

the control group (Obeidat, 2017). A similar previous study 

showed that the addition of 10-30% OC was responsible for 

reducing the digestibility of DM, NDF, and ADF compared 

to the control diet (Al Jassim et al., 1997). This was proven 

by a Sacco trial that revealed that organic matter and soluble 

NDF in the OC group require more time for degradation than 

any other by-products (Abbeddou et al., 2011). Moreover, 

during the extraction process, heat exposure may initiate the 

Maillard reaction between carbohydrates and proteins.; 

hence, the digestibility of CP becomes lower. Also, the 

availability of nitrogen in the rumen may be decreased, 

which may negatively affect microbial fermentation (Molina 

Alcaide et al., 2003).  

The inclusion of OC may affect the nutrient digestibility 

of the ration. In Awassi lambs, the apparent nutrient 

digestibility in a diet containing 34% OC was low when 

compared to the control diet. This may be due to the 

antagonistic effect of OC on other ingredients (Abbeddou et 

al., 2011). For example, nitrogen balance was lower in Najdi 

lambs fed diets containing 12% OC (Owaimer et al., 2004). 

Several other studies reported lower digestibility of DM and 

fiber segments (NDF and ADF) of the ration when OC was 

used in the diet (Martı́n Garcı́a et al., 2003; Tufarelli et al., 

2013; Yáñez-Ruiz and Molina-Alcaide, 2007). In contrast, 

our research reported that feeding OC did not attenuate the 

nitrogen intake, or nitrogen loss and retention; it positively 

affected nitrogen balance in diets containing 15% OC 

(Obeidat, 2017). We also found no difference in digestibility 

of DM, OM, CP, and NDF among various OC treatments 

(control, sun-dried olive cake, and acid-treated sun-dried 

olive cake) (Awawdeh and Obeidat, 2013). Reasons for this 

contradiction can be attributed to the inclusion rate of the OC 

in the diet, a form of the OC, method of olive oil extraction, 

and the type of to which the experiment was conducted. 

Growth performance and carcass traits 

Another important aspect to be considered upon the 

addition of OC is animal performance. Much of the variation 

in animal performance can be attributed to DM intake and 

feed digestibility. As with previous discussions, literature 

can be variable depending on feeding rate, species, stage of 

production, study duration, and other factors. For example, 

in weaned Pramenka lambs, the administration of 30% OC 

induced lower final weight, and lower average daily weight 

gain compared to other groups that were fed either a 15% OC 

diet or the control diet. The difference in the average daily 

weight gain was not significant between the 15% OC group 

and the control group, but it remains higher in the control 

group (Mioc et al., 2007). In contrast, (Beken and Sahin, 

2011) reported no effects on the performance of Awassi 

lambs fed 20% OC mixed with concentrate compared to 

those fed control diet alone. Research from our laboratory 

(Awawdeh and Obeidat, 2013) showed improved weight 

gain and final body weight in lambs fed up to 10% OC in the 

diet. Several other studies had similar findings (Abid et al., 

2020; Abo Omar and Gavoret, 1995; Belibasakis, 1985; 

Christodoulou et al., 2008). 

(Mioc et al., 2007) investigated the effect of adding OC 

to the diet of Pramenks lambs on carcass weight. The olive 

cake is rich in β-carotene (carotenoids and lutein) which 

increases the yellowness of fat in lamb carcasses (Ghanbari 

et al., 2012). In terms of carcass yield and dressing 

percentage, most studies reported no differences when OC 

was fed at low to moderate rates (Hamdi et al., 2016; Vera et 

al., 2013).  Authors found that adding 15% OC to the diet 

has not affected the carcass weight but when increasing OC 

inclusion to 30%, it has shown a negative effect on the 

carcass weight (Mioc et al., 2007). Olive cake has not shown 

any effect on commercial dressing percentage or carcass fat 
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mass (Hamdi et al., 2016). Similarly, OC did not show any 

effect on chilled carcass weight, dressing percentage, and 

ultimate pH in Suffolk lambs while using 32.3% OC as DM 

(Vera et al., 2013). On the other hand, a study on grazing 

Barbarian lamb reported an increase in hot and cold carcass 

weight in lambs supplemented with 28% OC compared with 

controls. Previous studies show that OC can be fed to 

livestock up to 25% without causing any detrimental effects 

on nutrient intake, digestibility, and/or growth performance, 

however, at greater levels it may decrease intake and other 

performance variables. As previously stated, many factors 

can cause variations in literature when it comes to OC 

inclusion into a feeding program. 

Lactation performance  

One of the most important measures that reflect livestock 

productivity is milk production, which reflects the animal's 

ability to convert nutrients into milk. Improving milk 

production has an economic impact on these animals, which 

may be either by increasing milk production or by reducing 

the cost of feeding the animals. Several studies utilizing 

many livestock breeds and species and various levels of 

inclusion have shown that OC does not adversely affect milk 

yield and composition when fed in moderate amounts. This 

was shown in ewes ((Aljamal et al., 2021); OC at 25% DM; 

(Vargas-Bello-Pérez et al., 2013); OC at 9.8 and 24.4% DM; 

(Cabiddu et al., 2004); OC at 10 and 20% DM)), dairy cows 

((Chaves et al., 2020); OC at 5, 10 and 15% DM; (Neofytou 

et al., 2020); ensiled OC at 10% DM; (Castellani et al., 

2017); OC fed at 0.4 kg per day; (Belibasakis, 1984); OC at 

20 and 40% DM)), lactating camels ((Faye et al., 2013); OC 

at 3% DM), and in dairy goats ((Keles et al., 2017); OC 

silage at 10 and 20% DM). Also, (Hadjipanayiotou, 1999) 

reported that partial replacement of traditional diets (barely 

hay and straws) with ensiled OC silage did not affect milk 

yield and fat corrected milk (ewes 6%, goat and cows 4%) of 

lactating Chios ewes, Damascus goats, and Friesian cows. 

Other studies have reported either increased or decreased 

milk production when OC is included in the diets of lactating 

animals. (Chiofalo et al., 2004) and (Lanzani et al., 1993) 

reported that milk yield increased in lactating ewes fed OC 

at 20 and 15% DM, respectively. In agreement, 

(Terramoccia et al., 2013) reported that feeding dried stoned 

OC at a level of 15.5% DM in the diet of lactating buffaloes 

improved milk yield whereas it did not affect milk 

composition. In contrast, (Molina-Alcaide et al., 2010) 

found an adverse effect on milk yield, protein yield, fat yield, 

lactose yield and total milk solid in goats fed a diet 

containing feed block with crude two-stage olive OC at 12 

and 10% of dietary DM. Similarly, (Abbeddou et al., 2015) 

observed a trend toward a decline in milk yield, energy 

corrected milk, milk fat, and protein of Awassi ewes fed diets 

containing OC at 30% of dietary DM, while total solids and 

lactose were not different. A study done by (Abbeddou et al., 

2011) showed a negative effect on milk yield of Sarda ewes 

when feeding olive silage at 250 g or 500 g DM/head/day, 

while this replacement increased the lactose content when 

compared to the control group. However, replacing 30% of 

barley straws with OC in Awassi ewes feed did not affect 

milk yield, total solid, milk protein, or fat (Abbeddou et al., 

2011). Meanwhile, using 20% OC in feed has decreased the 

casein and protein percentage in milk while the milk yield 

was increased compared with the control group (Chiofalo et 

al., 2004). This reduction in both milk casein and protein 

could be related to the increase in milk volume which may 

cause dilution of these nutrients in milk. At a 20% inclusion 

rate, OC was shown not to affect milk lactose or fat content 

(Chiofalo et al., 2004). The controversial results of including 

the OC could be related to several reasons, such as the 

inclusion rate of OC in the diet, substitution as roughage or 

concentrate or both, form of the OC (ensiled, dried, de-

stoned, and partial de-stoned), and the type of ruminant 

(bovine or ovine) to which the experiment was conducted. 

Economics of using OC 

Providing the producing animals with a low-cost feed 

balanced in a way to meet the production needs for growth, 

gestation, or milk production can be challenging to livestock 

producers. Therefore, it was necessary to use agro-industrial 

by-products with acceptable feed value and low cost (such 
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as OC) to reach the above objective. Many previous studies 

have shown that the use of unconventional feed ingredients 

had a positive impact on the cost of feed and, hence, 

production. Such feeds increased the return over feed cost 

(RoF) due to their low cost and the level of inclusion in the 

respective diets (Aljamal et al., 2021; Aloueedat et al., 2019; 

Hatamleh and Obeidat, 2019; Obeidat, 2020, 2018). The 

economics of using OC can be identified by the reduction in 

the cost of feed (compared to a feed not utilizing OC) and the 

gross returns in animal products, such as meat and milk. This 

simple calculation can be used to determine whether the use 

of OC (or other alternative ingredients) is economically 

feasible or not.  

In our lab, various studies showed that the use of many 

alternative feed ingredients decreased feed cost by 20 and 

24% (OC and Atriplex halimus L. at 25% of the dietary DM; 

(Aljamal et al., 2021)), 11 and 22% (sesame meal at 7.5 and 

15% of the dietary DM; (Obeidat et al., 2019a)), 25% (black 

cumin meal at 15% of the dietary DM; (Obeidat, 2020)), 

15% (15% OC of the dietary DM; (Obeidat, 2017)), and 13 

and 20% (dried distillers grains with solubles at 20 and 30% 

of the dietary DM; (Alshdaifat and Obeidat, 2019). 

Therefore, any alternative feeds that can lower the ration cost 

without any adverse effects on animal health and 

performance can have a positive impact on the RoF. 

 

Conclusion  

This review highlights recent literature and findings from 

our lab, as well as others, on the use of olive cake as an 

alternative feed in animal nutrition. Although some studies 

have reported a positive impact on productive parameters 

(improved weight gain, milk production, or others), most 

research shows that olive cake can be incorporated into diets 

without adverse effects on animal health and production. The 

fact that olive cake has low nutritive value requires special 

care when adopting it into the feeding program. Being an 

agroindustrial byproduct makes feeding olive cake feasible 

from an environmental and productive points of view. 
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  ʸلʳـʝال
 

تʺʲل  الʺʲال،سʽʰل  ، فعلى الʛʲوة الʨʽʴانॽةاعʱʺادًا على الأنʨاع ونʤام الإنʱاج الʺʙʵʱʶم، ʲʺǽل العلف أكʛʰ تؔلفة مʱغʛʽة عʙʻ مȃʛي 
الانʱاج للادارة الʺʲȞفة للاغʻام مʧ تؔلفة  ٪70-60وقʙ تʸل إلى Ǽقار لالمʧ تؔلفة الإنʱاج للإدارة الʺʲȞفة  ٪50-40تؔلفة العلف 
صعȃʨات  یʨاجه مʨʳʱʻ الʛʲوة الʨʽʴانॽة في الاردن .لॽة حʨʽانॽةǽعʛʰʱ انʱاجها جʨهȄʛا لॽʴȃʛة اȑ عʺ ؗلʱا الʴالʧʽʱ، والʺاعʜ. في

وتǽʙʴات ʛʽʰؗة تʱعلǼ Șالʱاثʛʽ على الʯʽʰة وصʴة الʨʽʴان وتقلʖ الʨʶق والاهʦ مʧ ذلʥ, اسعار العلف ʖʰʶǼ انʱاج الاعلاف 
لʚلʥ فإن معʦʤ مʨȞنات العلف الʛئॽʶॽة في قʢاع الʛʲوة الʨʽʴانॽة في الأردن هي  الʺʙʴود الʻاجʦ عʧ قلة هʨʢل الامʢار,

ʨʽʴان ʨؗسʽلة في تغǽʚة ال) جفʗ الʨʱȄʜن ( مʺا ʳǽعلها Ǽاهʤة الʧʺʲ. تʻاقʞ هʚه الʺʛاجعة اسʙʵʱام مʨȞنات العلف الʙʰیلة مʨʱʶردة
Ȅʜال ʗȄز ʛʰʱعǽ .ʧʽʳʱʻʺعلى ال ʙالعائ ʧʽʶʴة وتǽʚغʱل تؔلفة الʽقلʱل جلʲʺȄا وॽʴة صʛفʨʱʺت الʨȄʜأفʹل ال ʧن مʨʱ ا في ً̋ ʜءًا مه

غʚاء مʢʻقة الʛʴॼ الأبʠॽ الʺʨʱسȌ. إن الʢلʖ الʺʜʱایʙ على زʗȄ الʨʱȄʜن وثʺار الʨʱȄʜن أدȐ إلى تȄʛʶع وتʛʽة زراعة أشʳار 
ʚه الʺʵلفات (الʺʳʱʻات ه. ʗ الʨʱȄʜن الʨʱȄʜن لʱلॽʰة هʚه الاحॽʱاجات. وقʙ أدȐ هʚا بʙوره إلى زȄادة ʛʽʰؗة في Ǽقاǽا الʨʱȄʜن، مʲل جف

 ʜʽ ʛؗʱال ʨاجعة هʛʺه الʚه ʧي مʶॽئʛف الʙح. إن الهॽʴل صȞʷǼ هاʻم ʟلʵʱال ʦʱی ʦث إذا لʨلʱرًا للʙʸن مʨؔأن ت ʧȞʺǽ (ةȄʨانʲال
ʻاها في اولالʙراسات الʱي تʻ معʦʤ في تغǽʚة الʨʽʴان وأثʛه على اقʸʱادǽات الإنʱاج الʨʽʴاني. أʣهʛتجفʗ الʨʱȄʜن  أهʺॽة حʨل

لʝॽ لها آثار ضارة على صʴة الʨʽʴان  الʺʨاشي(على شȞل بʙائل صغʛʽة) في تغǽʚة جفʗ الʨʱȄʜن  هʚه الʺʛاجعة أن دمج
، ʧȞʺǽ أن ʨȞǽن مفʙًʽا جفʗ الʨʱȄʜن  وȂنʱاجʱʽه. وȃالʱالي، فإن اسʙʵʱام الʺʳʱʻات الʲانȄʨة الʻʸاॽɺة الʜراॽɺة مʵʻفʹة الʱؔلفة، مʲل

ॽʯʽʰال ʛʤʻوجهة ال ʧةمǽادʸʱة والاق. 
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