
 

IN VITRO EVALUATION OF PARTIALLY DESTONED 
OLIVE CAKE AS AN ALTERNATIVE ROUGHAGE SOURCE 

IN DAIRY CATTLE TMR

Abstract 

The purpose of this study was to determine the effects of replacing dry meadow 

grass (DMG) with partly destoned olive cake (OC) at different rates in total 

mixed rations (TMR) for dairy cattle on in vitro gas and methane production, 

performance traits, in vitro digestion and some rumen parameters. In this 

study, OC obtained from a local olive oil production factoryin the Milas District 

of Muğla Province was used to form experimental groups (P0, P25, P50, P75 

and P100) by substituting 0%, 25%, 50%, 75% and 100% of dry meadow grass 

(DMG) in the total mixed ration (TMR) of dairy cattle. The suitability of OC for 

use in place of DMG in dairy cattle rations was determined using the 

Hohenheim in vitro gas production technique. Significant differences (P<0.01) 

were found among the groups in estimated performance parameters, such as 

24-hour in vitro gas production, metabolic energy (ME), net energy for lactation 

(NEL), and organic matter digestibility (OMD). The highest gas production was 

observed in the P25 group (112.59 ml), while the lowest was in the P100 group 

(95.82 ml). Among the groups, the P25 group exhibited the highest ME, NEL, 

and OMD values (P<0.01). Differences among the groups were significant in 

terms of in vitro true digestible dry matter (IVTDDM) and true digestion degree 

(IVTDD) (P<0.05). The P25 group, which was similar to the control group, had 

the highest IVTDDM and IVTDD values. Differences among the groups in terms 

of mean values for the partition factor (PF), microbial protein production 

(MPP), and microbial protein synthesis efficiency (MPSE) were not significant. 

While differences among the groups in terms of total volatile fatty acids (TVFA) 

and ammonia nitrogen (NH3-N) were not significant, pH values were 

significant (P<0.05). In conclusion, partially destoned olive cake (PDOC) may  

be used at a rate of 25% instead of DMG as an alternative roughage source in 

dairy cattle TMRs. 

Keywords: Olive cake, dry meadow grass, in vitro gas production, methane, 

feed value, TMR. 

   
Kısmen Çekirdeği Uzaklaştırılmış Zeytin Posasının 

Süt Sığırlarında Alternatif Bir Kaba Yem Kaynağı 

Olarak İn Vitro Değerlendirilmesi 

Öz 

Bu çalışmanın amacı, süt sığırları için hazırlanan toplam karma rasyonlarda 

(TMR) kuru çayır otunun (KÇO) farklı oranlarda kısmen çekirdeği 

uzaklaştırılmış zeytin posası (ZP) ile ikame edilmesinin *in vitro* gaz ve metan 

üretimi, tahmini performans özellikleri, *in vitro* sindirim ve bazı rumen 

parametreleri üzerine etkilerini belirlemektir. Çalışmada, Muğla ili Milas 

ilçesinde faaliyet gösteren yerel bir zeytinyağı üretim tesisinden temin edilen 

zeytin posası (ZP) kullanılmıştır. Süt sığırlarına yönelik toplam karma rasyonda 

(TMR) bulunan kuru çayır otunun (KÇO) sırasıyla %0, %25, %50, %75 ve %100 

oranlarında ZP ile ikame edilmesiyle P0, P25, P50, P75 ve P100 deneme 

grupları oluşturulmuştur. Zeytin posasının süt sığırı rasyonlarında KÇO yerine 

kullanım uygunluğu, Hohenheim *in vitro* gaz üretim tekniği kullanılarak 
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belirlenmiştir. Yirmi dört saatlik *in vitro* gaz üretimi, metabolik enerji (ME), laktasyon net enerjisi (NEL) ve organik 

madde sindirilebilirliği (OMS) gibi tahmini performans parametreleri bakımından gruplar arasında önemli farklılıklar 

belirlenmiştir (P<0,01). En yüksek gaz üretimi P25 grubunda (112,59 ml), en düşük gaz üretimi ise P100 grubunda 

(95,82 ml) saptanmıştır. Gruplar içerisinde en yüksek ME, NEL ve OMS değerleri P25 grubunda belirlenmiştir (P<0,01). 

*İn vitro* gerçek sindirilebilir kuru madde (IVTDDM) ve gerçek sindirim derecesi (IVTDD) bakımından gruplar 

arasındaki farklılıklar önemli bulunmuştur (P<0,05). Kontrol grubuna benzer sonuçlar gösteren P25 grubunda, en 

yüksek IVTDDM ve IVTDD değerleri elde edilmiştir. Partisyon faktörü (PF), mikrobiyal protein üretimi (MPP) ve 

mikrobiyal protein sentez etkinliği (MPSE) ortalama değerleri bakımından ise gruplar arasındaki farklılıkların 

istatistiksel olarak önemli olmadığı belirlenmiştir. Toplam uçucu yağ asitleri (TUYA) ve amonyak azotu (NH₃-N) 

bakımından gruplar arasında istatistiksel olarak önemli bir farklılık belirlenmezken, pH değerleri bakımından gruplar 

arasındaki farklılık önemli bulunmuştur (P<0,05). Sonuç olarak, kısmen çekirdeği uzaklaştırılmış zeytin posasının 

(PDOC), süt sığırı toplam karma rasyonlarında kuru çayır otunun yerine %25 oranında alternatif bir kaba yem kaynağı 

olarak kullanılabileceği sonucuna varılmıştır. 

Anahtar Kelimeler: Zeytin Posası, Kuru Çayır Otu, İn Vitro Gaz Üretimi, Metan, Yem Değeri, Toplam Karma Rasyon 

(TMR). 

 

Introduction 

Roughage and concentrate feed, which play a major role in the livestock industry, are used to 
meet the nutritional requirements of livestock. Farmers are experiencing difficulties in sourcing 
these feedstuffs due to rising prices. Although roughage is of great physiological importance in the 
nutrition of ruminants, the production of high-quality roughage in Turkey remains at 74.2 million 
tonnes per year (including 13.6 million tonnes from grazing lands), whereas the required amount is 
95.3 million tonnes (TÜİK 2021). In fact, there is a shortage of approximately 21 million tonnes of 
high-quality roughage. 

The lack of a sufficient supply of high-quality roughage to meet demand in every season of the 
year means that animals cannot be fed adequately. However, for livestock farming to be economically 
viable, high-quality roughage sources must be obtained as economically as possible in every season. 
It is reported that feeding and feed costs account for 70% of production expenses in livestock farms 
(Ergün et al. 2011). For this reason, recently researchers have focused intensively on enhancing the 
nutritional value of certain low-quality alternative roughage sources and their application in 
ruminant rations (Vasta et al. 2008). In these studies, emphasis is placed on the use of vegetable 
waste from the human food supply chain (Mousa 2011), fruit waste (Tadayon et al. 2017), sugar 
factory waste (Omer et al. 2013), oil (Tufarelli et al. 2013), and by-products or waste from the barley-
based beverage industry in animal feeding, and this practice contributes both to protecting the 
environment and increasing business revenue by reducing feed costs (Korkmaz 2014). Alternative 
roughage sources play a significant role in reducing feed costs by substituting feeds within the same 
nutrient group for one another. From this perspective, alternative roughage sources can be defined 
as those that are more economical than others or that offer certain nutritional advantages over 
conventional feedstuffs. Korkmaz (2014) defined the alternative raw materials as those which have 
not been used in the conventional manner, whose chemical composition has not been fully 
characterised, or for which the inclusion rate in the total mixed ration (TMR) has not been 
determined. The insufficient knowledge regarding the chemical composition and energy values of 
alternative feed sources is one of the factors limiting their use in rations. It has been reported that, in 
order for feed sources to be utilised to the desired level in animal nutrition, laboratory analyses of 
parameters such as dry matter, crude protein, tannin, crude fibre, ether extract, and crude ash must 
be carried out (Abbeddou et al. 2011). 

The olive tree (Olea europaea L. (Oleaceae)), which is associated with human civilisation and 
belongs to the olive family, is cultivated and used for olive production primarily in countries along 
the Mediterranean coast. Generally, the weight of an olive ranges from 2 to 12 grams; the olive pit 
ratio is 13-30%, the pulp content is 66–85%, and the fruit skin content is 1.5-3.5% (Aksoy 2012). 
According to TÜİK data (2022a), of the 2,976,000 tons of olives produced annually, 938,217 tons are 
utilized as table olives, while 2,037,783 tons are used for oil production. From 100 kg of oil olives 
processed in a mill, 15-22 kg of olive oil and 35-45 kg of olive cake (OC) are obtained, and from 100 
kg of olive cake, approximately 6.0-7.5 kg of OC oil and 60-70 kg of dry olive cake are produced. 
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Considering these values, approximately 30 kg of dry olive cake is produced from 100 kg of oil-
bearing olives. Olive production in Turkey increased by 71.2% in 2022 compared with the previous 
year, reaching 2,976,000 tonnes (TÜİK 2022b). In the same year, 611,334 tonnes of olive cake were 
obtained from 2,976,000 tonnes of olives. Morgan and Trinder (1980) reported that olive cake 
containing approximately 950-1075 kcal/kg DM of metabolic energy (ME) and consisting of the 
stone, skin and fruit pulp can be used in ruminant rations either on its own or in combination with 
high-quality roughage, thereby contributing to the national economy. 

Olive oil is extracted from olives using pressing (traditional batch method), centrifugation 
(modern continuous method) or selective filtration (percolation) (Gümüşkesen 1999). Of these 
methods, the most widely used today is centrifugation, which is a fast and modern technique. 
Therefore, the oil content in the olive cake varies depending on the method used to extract the oil 
from the olives during the production process. To determine the nutritional value of animal feeds, 
various methods (in vitro and in vivo) are used to assess their nutrient content, digestibility and rate 
of digestion. Sadeghi et al. (2009) expressed that analysing feeds using the in vivo method is more 
difficult and costly than the in vitro method. Furthermore, in in vivo studies, mortality may occur 
when testing alternative feedstuffs on economically valuable animals. Kamalak et al. (2005) stated 
that the potential nutritional values and methane gas production of forage crops investigated using 
the in vitro gas production method can be determined more rapidly. It has been reported that 
estimating the digestibility of feeds using the in vitro gas production technique showed a strong 
relationship (R = 0.98, SD = 0.25) with in vivo digestibility method (Menke et al. 1979; Gürsoy and 
Macit, 2014). 

The potential for using the by-products of olives-an agricultural product produced in large 
quantities (olive leaves, olive cake, black water)-in animal feed is being investigated more and more 
each day. Olive cake, one of the by-products of the olive industry whose suitability for animal feed is 
being investigated, consists of the skin, pulp and stone-containing portion remaining after the olives 
have been pressed. Differences in the chemical composition of olive cake may vary depending on the 
oil extraction method, the degree of extraction, the geographical location where the olives were 
grown, and the year of harvest (Alcaide et al. 2003; Mioc et al. 2007). As olives contain a high amount 
of oil, waste products from the olive oil industry are used in animal feed alongside other high-quality 
feedstuffs to increase both the quantity and quality of the product (Keleş 2015). The use of these 
products-particularly olive cake with the stones partially or completely removed-in the feeding of 
dairy cattle increases both milk yield and the level of oleic acid (C18:1 ω-9) in the milk. It also 
enriches the milk's lipid content by reducing the saturated fatty acids (Molina-Alcaide and Yanez Ruiz 
2008). 

In the current study, experimental groups were formed by partially substituting the dry 
meadow grass (DMG) present in the TMR of lactating cows with partially destoned olive cake (PDOC) 
at rates of 0%, 25%, 50%, 75% and 100%. The aim of present study was to determine the in vitro gas 
and methane production values, as well as in vitro digestibility and some rumen parameters, in order 
to assess the suitability of olive cake as an alternative roughage source. 

Material and Methods 

The concentrate feed (milk feed), alfalfa, dry meadow grass and maize silage used in the total 

mixed ration (TMR) for dairy cattle were obtained from the Atatürk University Food and Livestock 

Research and Application Center (39°54′25.5″N, 41°13′42.1″E), olive cake (skin, pulp and stones), 

substituted for dry meadow grass at various ratios (0, 25, 50, 75, 100%), was supplied by a local olive 

oil factory in Milas District, Muğla Province (November 2020). A shovelful was taken from each of 

seven different locations-the top, the centre and the sides-of the air-dried, piled olive cake mass, and 

these samples were mixed thoroughly to ensure homogeneity. A sufficient quantity of olive cake for 

the study was taken from this mixture and brought to the Feed Analysis Laboratory of the 

Department of Animal Science.  After partially separating the stone fractions from the OC using a 

sieve, experimental rations (TMRs) were formulated by incorporating the material at varying levels-

replacing dry meadow hay-into the diet of lactating cows in the third stage of lactation (days 140-

305).  The feed raw materials brought to the feed analysis laboratory were prepared for analysis by 
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grinding them in a mill so that they passed through a 1 mm sieve, in accordance with the method 

described by Canbolat (2019). The nutrient composition of partially destoned olive cake was 

determined in three replicate using the Weende analysis method (AOAC 1990). The content of NDF 

(neutral detergent fibre), ADF (acid detergent fibre) and ADL (acid detergent lignin) was defined 

according to the method reported by Van Soest et al. (1991). The chemical composition of olive cake 

is presented in Table 1, the composition of feed ingredients for the ration mixtures (TMR)-prepared 

to be isonitrogenous (CP: 13.26-13.94%) and isocaloric (8.56-8.93 MJ/kg DM)-using the nutrient 

values specified in standards for each feed ingredient and the equations reported by Dugmore (1995) 

for ruminants is given in Table 2. 

Table 1. Nutrient composition of olive cake 

Nutrient composition 
(%) 

PDOC 

DM  93.31 

CA  4.13 

EE 4.09 

CP  10.31 

NDF  77.98 

ADF 59.34 

ADL  50.10 

DM: Dry matter, CA: Crude ash, EE: Ether extract, CP: Crude protein, NDF: Neutral 
detergent fibre, ADF: Acid detergent fibre, ADL: Acid detergent lignin 

 
Table 2. Feed Ingredient Composition of the Total Mixed Rations (TMR) (%) 

TMRs P0 P25 P50 P75  P100 

Maize Silage 34 34 34 34 34 

Dry Meadow Grass 24 18 12 6 0 

Alfalfa Hay 14 14 14 14 14 

Concentrate Feed 28 28 28 28 28 

PDOC 0 6 12 18 24 

Total (%) 100 100 100 100 100 

P0: 0% olive cake, P25: 25% olive cake, P50: 50% olive cake, P75: 75% olive cake, P100: 100% olive cake. 

The rumen fluid required to determine gas production parameters using the in vitro technique 

was taken immediately after slaughter from three Morkaraman sheep with fully developed rumens, 

aged 1.5-2.0 years and with an average live weight of 57-66 kg, for which slaughter approval has been 

optained from the ethics committee of the Erzurum Meat and Milk Board. It was collected in 

accordance with the method described by Kılıç and Abdiwali (2016), placed in a thermos filled with 

water at 39°C, and transported as quickly as possible to the Feed Analysis Laboratory of the 

Department of Animal Science.  The method defined by Goel et al. (2008) was applied to determine 

methane production. The values for metabolic energy (ME), net energy lactation (NEL) and organic 

matter digestion degree (OMSD) of the samples from the prepared TMR groups were calculated using 

the using the crude protein, ether extract, crude ash contents of the feed samples and the net gas 

production values of 0.2 g of feed after 24 hours and formulas developed by Menke and Steingass 

(1988). 

ME (MJ/kg DM) = 1.68 + (0.1418 × GP) + (0.0073 × CP) + (0.0217 × EE) - (0.0028 × CA) 
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NEL (MJ/kg DM) = -0.06 + (0.1047 × GP) + (0.0049 × CP) + (0.013 × EE) - (0.001 × CA) 

OMSD (%) = 14.88 + (0.8893 × GP) + (0.448 × CP) + (0.651 × CA) 

(GP: Net gas production (ml) of a 200 mg dry feed sample after 24 hours of incubation, CP: % 
crude protein, EE: % ether extract, and CA: % crude ash) 

The pH of the rumen fluid was measured using a pH meter in samples remaining in glass 

syringes following a 24-hour incubation. The true digestion degree (IVTDD), in vitro true digestible 

dry matter (IVTDDM), microbial protein production (MPP), partition factor (PF) and microbial 

protein synthesis efficiency (MPSE) were determined according to the method reported by Blümmel 

et al. (1997). The total volatile fatty acid (Markham, 1942) and the NH3-N nitrogen content (Blümmel 

et al., 1997) of the rumen fluid used in the in vitro gas production technique were measured 

immediately before it was used. 

Statistical analyses 

An analysis of variance (ANOVA) was applied to the data obtained at the end of the experiment, 

and Duncan's multiple range test was used to compare the means found to be statistically significant 

(Yıldız and Bircan 1991). The SPSS 20.0 software package (IBM Corp., USA) was used for all statistical 

analyses. 

Results and Discussion 

Chemical Composition of the Olive Cake (OC) and Total Mixed Rations (TMRs) 

The use of partially destoned olive cake in ruminant nutrition is more widespread than that of other 

by-products. The chemical composition of olive cake used in the total mixed rations (TMR) of dairy cattle at 

different rates (0, 25, 50, 75 and 100%) instead of dry meadow grass (DMG) is presented in Table 1. 

Sansoucy (1985) stated that the dry matter (DM) content of olive cake was 75-80%. The DM content 

determined in the present study (93.31%) was higher than the reported values. In the study, the crude ash 

(CA) content of olive cake was detected to be 4.13%. While this value is similar to the 3-5% range reported 

by Sansoucy (1985), it is lower than the findings stated in some other studies (Canbolat et al. 2003; Yansari 

et al. 2007; Akbağ and Çetinkestane 2021).The ether extract (EE) content of olive cake has been reported 

by numerous researchers (Yansari et al., 2007; Canbolat et al. 2003; Fayed et al., 2001; Lannaccone et al., 

2019; Akbağ and Çetinkestane, 2021), with defined values ranging from 3.40% to 17.07%. The ether extract 

value (4.09%) obtained in the current study was higher than that detected by Yansari et al. (2007), while it 

was lower than the values reported by Fayed et al. (2001), Keleş (2015), Dalkılıç (2018), Lannaccone et al. 

(2019) and Akbağ and Çetinkestane (2021). This is because the oil percentage in olive cake varies 

depending on the rate of stone removal and the method used to extract oil from the olives during production 

processes. 

Akbağ and Çetinkestane (2021) determined the crude protein (CP) content of air-dried, de-stoned 

olive cake to be 5.63% on a dry matter basis. Sansoucy (1985) stated that olive cake contains between 5 

and 10% crude protein (CP). The result obtained in the present study (10.31%, in dry matter) is in line with 

the upper limit stated by Sansoucy (1985) and Dalkılıç (2018), while it is higher than the values reported 

by other researchers (Canbolat et al. 2003; Martin-Garcia et al. 2006; Yansari et al. 2007; Keleş 2015). In 

current study, the NDF, ADF and ADL values for olive cake were determined to be 77.98%, 59.34% and 

50.10%, respectively. The ADF value obtained was consistent with the ADF value (60.1%) reported by 

Canbolat et al. (2003). Other results regarding the NDF, ADF and ADL content of olive cake were found to 

be higher than the values reported for the same features by Canbolat et al. (2003), Martin-Garcia et al. 

(2006), Yansari et al. (2007) and Keleş (2015). Furthermore, Sansoucy (1985) expressed that olive cake 

contains 35-50% crude fibre (CF) and 950-1075 kcal/kg DM metabolic energy (ME). Generally, factors such 
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as the olive oil production method, the degree of extraction, the rate of stone removal, the geographical 

location where the olives were grown, the harvest period and year influence the chemical composition of 

the resulting olive cake (Alcaide et al. 2003; Mioc et al. 2007; Dalkılıç, 2018). These factors may limit the use 

of olive cake in the feeding of various types of livestock. Although influenced by numerous factors, raw olive 

cake is considered to possess sufficient nutritional value to meet the maintenance nutrient requirements of 

ruminants (Keleş, 2015). 

The results of the chemical composition and variance analysis results of the dairy cattle TMRs are 

presented in Table 3. The TMRs were formulated to be isonitrogenous (CP: 13.26-13.94%) and isocaloric 

(8.56-8.93 MJ/kg DM) using the nutrient compositions reported in the standards for each feed ingredient 

and the equations defined by Dugmore (1995) for ruminants.  Laboratory analyses were carried out on the 

DM, CA, EE, CP, NDF, ADF and ADL components of the total mixed ration formulations. Significant 

differences were observed between the groups for all parameters except crude ash (CA) (P<0.05). There 

was a significant difference in dry matter (DM) content between the group P25 and groups the P0 (95.33%) 

and P50 (95.25%) (P<0.05), whereas the differences between the other groups were insignificant. When 

rations containing olive cake were examined in terms of crude protein content, the P100 (15.14%) and P75 

(14.93%) groups were similar and had higher values than the P50, P25 and P0 groups (P<0.05). The lowest 

crude protein rate was determined in the control group. Crude protein content increased in line with the 

rise in the proportion of olive cake in the total mixed rations (TMRs). 

Ether extract content increased depending on the rise in the proportion of olive cake in the TMRs, 

and the differences between the groups were found to be significant (P<0.05). The addition of olive cake to 

the diet increased the ADF and ADL contents compared with dry meadow grass. Although the NDF levels of 

the mixed rations also rose as the olive cake content in the diet increased, the differences between the feed 

groups in terms of NDF values were not significant. The ADL levels of the TMR groups showed a similar 

trend to that observed for ADF, with the ADL level in the control group, which was 10.43%, increasing to 

19.56% in the P100 group (P<0.05). 

Table 3. Chemical Composition of the Total Mixed Ration Groups (DM%) 

TMR Groups DM CA CP EE NDF ADF ADL 

P0 95.33b 7.44 14.50d 3.66e 63.23 33.40c 10.43c 

P25 96.69a 7.21 14.61cd 3.94d 63.55 35.10bc 14.14bc 

P50 95.25b 6.98 14.81bc 4.15c 63.86 35.61ab 15.78ab 

P75 96.24ab 6.66 14.93ab 4.37b 64.62 36.79a 18.79a 

P100 95.91ab 6.53 15.14a 4.63a 68.11 38.87a 19.56a 

P 0.027 0.114 0.004 0.000 0.066 0.010 0.003 

SEM 0.13 0.11 0.04 0.02 0.50 0.37 0.57 

a-e: Means with different letters in the same column differ significantly (P<0.05). SEM: Standard error 
of the means, P0: 0% olive cake, P25: 25% olive cake, P50: 50% olive cake, P75: 75% olive cake, P100: 100% 
olive cake. DM: Dry matter, CA: Crude ash, EE: Ether extract, CP: Crude protein, NDF: Neutral detergent fibre, 
ADF: Acid detergent fibre, ADL: Acid detergent lignin 

It has been expressed that the dry matter (DM) content of feed materials consumed by ruminant 

animals generally ranges between 88% and 92% (Ensminger et al. 1990; Pond et al. 1995). In this research, 

the dry matter contents of TMRs were found to be higher than the reported values. In ruminants, 25-32% 

NDF and 19-25% ADF levels are required to increase productivity and achieve the desired salivary secretion 

(Tekçe and Gül 2014). It has been reported that, among TMRs with similar ADF levels, those with a high 

lignin content adversely affect digestion in ruminants (Robinson 2003; Özdemir 2019). Kılıç (2006) stated 

that CA content exceeding 17% of dry matter could have negative effects. In the current study, the CA 

contents of the TMR samples ranged from 6.53-7.44%, and the differences in average crude ash content 

were insignificant. 
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In Vitro Gas and Methane Production and Estimated Performance Parameters of the TMR 
Groups 

The performance parameters estimated from the 24-hour in vitro gas and methane production and 

the variance analysis results of TMR groups are given in Table 4. As can be seen in the table, significant 

differences (P<0.05) were found between the experimental groups in terms of total gas production (ml/0.5 

g DM), metabolic energy (ME-MJ/kg DM), net energy lactation (NEL-MJ/kg DM) and organic matter 

digestibility (OMD, %). The data obtained for methane (ml and %) production were similar across the TMR 

groups. Ruminants meet their energy requirements for maintenance and production from their daily 

rations (Schingoethe, 2017). It has been reported that the daily NEL requirement for dairy cows producing 

10–30 litres of milk during lactation ranges 5.17-6.87 MJ/kg DM (NRC, 2001). 

It has been reported that there is a negative correlation between acid detergent fibre (ADF) and 

neutral detergent fibre (NDF) contents and gas production (Abdulrazak et al. 2000). An increase in NDF 

content reduces gas production (Doane et al. 1997; Calabro et al. 2001), whereas a decrease in NDF content 

arises gas production (Mertens et al. 1997).  

Table 4. In Vitro Gas and Methane Production, Estimated Performance Parameters, and Variance Analysis Results for the 
TMR Groups. 

TMR Groups 
Gas (ml/0.5 
DM) 

Methane 
(ml) 

Methane 
(%) 

ME (MJ/kg 
DM) 

NEL (MJ/kg 
DM) 

OMD 

P0 104.72b 17.82 17.02 7.78b 4.44b 63.47b 

P25 112.59a 18.96 16.86 8.24a 4.77a 66.17a 

P50 101.98bc 17.58 17.23 7.64bc 4.33bc 62.34b 

P75 97.19cd 16.97 17.46 7.38cd 4.13cd 60.48c 

P100 95.82d 17.15 17.89 7.31d 4.08d 60.00c 

P 0.000 0.072 0.302 0.000 0.000 0.000 

SEM 0.76 0.20 0.15 0.04 0.03 0.25 

a-d: Means with different letters in the same column differ significantly (P<0.05). ME: Metabolic energy, NEL: 
Net energy lactation, OMD: Organic matter digestibility 

In the composition of the TMRs, the % NDF and ADF ratios of the experimental groups increased in 

relation to the rise in the amount of olive cake used in place of dry meadow grass. Differences between the 

ration mixtures were significant in terms of average total gas production (P<0.01). Some researchers (Moss 

et al. 2000; Nkrumah et al. 2006; Danielsson et al. 2017) stated that methane production in the rumen may 

be influenced by factors such as the energy content, quality and quantity of the feed or ration, dry matter 

intake, the quantity and type of carbohydrates undergoing fermentation in the rumen, the acetic /propionic 

acid ratio, and the animal's live weight and age. Other studies have indicated that differences in gas and 

methane production, as well as ME, NEL and OMD values, may exist between experimental groups 

depending on the fermentation by rumen microorganisms, the amount of degradable matter in the feed, 

and the roughage/concentrate ratio (Musco et al. 2016; Algan et al. 2018). Sherasia et al. (2017) reported 

that methane production decreases as dry matter digestibility increases. It has been stated that methane 

values produced in the rumen by feed or feed mixtures falling within the range of 11% < CH₄ ≤ 14% are 

classified as low anti-methanogenic (Lopez et al. 2010). In the present study, it was observed that the use 

of olive cake at different levels in place of DMG in TMRs had no effect on methane production. In the current 

study, it was detected that, with the exception of the P25 group, the degree of digestion decreased as the 

level of olive cake substituted for dry meadow grass in the other ration mixtures increased. Göncü ve Kaya 

(2024) reported that replacing DMG with 100% olive leaves in dairy cow rations reduced metabolic energy 

by 5.0% and NEL by 6.6%. The values determined in this study for ME and NEL were consistent with those 

determined by Göncü ve Kaya (2024). 
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 In Vitro True Digestion Parameters and Microbial Protein Production Values of the TMR 
Groups 

In Vitro true digestion parameters, microbial protein production values and variance analysis results 

of TMRs are given in Table 5. Significant differences were observed between the experimental groups in 

terms of IVTDDM and IVTDD values (P<0.05). The P25 group was found to be similar to the control group 

but significantly higher than the other groups (P<0.05). The P100 group had the lowest IVTDDM value 

(249.00 mg) and was similar to the P75 and P50 groups in this respect. Similarly, the highest IVTDD values 

in the experimental groups were obtained from the P25 group at 57.39%. While the P25 group was similar 

to the control group in terms of IVTDD value, it differed significantly from the P50, P75 and P100 ration 

groups (P<0.05). The P100 group, which had the lowest IVTDD value (49.39%), was found to be similar to 

the P75 and P50 groups. There were no significant differences between the groups in terms of the partition 

factor (PF), microbial protein synthesis efficiency (MPSE) and microbial protein production (MPP). It has 

been reported that, in the nutrition of ruminants, 24-hour digestibility parameters should be taken into 

account alongside the total gas production from feeds (Blummel et al. 1997).  

Arslan (2019) stated that as the amount of olive cake used in the ration increased, the values for ADF, 

NDF, dry matter and organic matter, as well as the digestibility of crude protein, decreased, however, these 

declines were not significant. In the present study, similarly to Arslan (2019) findings, it was observed that 

the addition of olive cake to the ration reduced the degree of digestibility. Significant differences were 

determined among the total mixed ration groups regarding IVTDDM and IVTDD values (P<0.01). The 

highest digestibility was recorded in the control and P25 groups, whereas the lowest values were found in 

the P50, P75, and P100 groups, which contained higher levels of olive cake. 

Table 5. In Vitro True Digestion Parameters Microbial Protein Production values of TMRs 

TMR Groups IVTDDM (mg) 
PF  

(mg/ml) 

MPP  

(mg) 

MPSE  

(%) 

IVTDD  

(%) 

P0 281.33a 2.76 56.93 20.13 56.08a 

P25 291.33a 2.66 50.06 17.17 57.39a 

P50 253.67b 2.56 35.13 13.84 50.17b 

P75 250.33b 2.66 42.06 16.80 49.93b 

P100 249.00b 2.67 43.66 17.29 49.39b 

P 0.000 0.527 0.301 0.521 0.000 

SEM 2.22 0.04 3.12 1.08 0.41 

a-b: Means with different letters in the same column differ significantly (P<0.05). IVTDDM: In vitro true 
digestible dry matter, PF: Partition factor, MPP: Microbial protein production, MPSE: Microbial protein 
synthesis efficiency, IVTDD: In vitro true digestion degree 

According to Blummel et al. (1997) and Blummel and Lebzien (2001), as the degree of partition factor 

in feed increases, microbial protein synthesis efficiency, feed intake and digestibility also increase. Blummel 

et al. (1997) and Blummel and Lebzien (2001) reported that the partition factor generally ranged 2.75-4.41 

mg/ml, and as for Baba et al. (2002) stated that a high partition factor increased feed intake and digestibility. 

The results obtained in the present study did not correspond with the findings of other researchers. This 

difference between the findings of those researchers and the results of the present study may be attributed 

to differences in the feed raw materials used in the rations, combined with their proportions and contents. 

It has been indicated that the primary aim of in vitro trials is to obtain more detailed information on feed 

composition (Blummel and Ørskov 1993). In a research study reporting that microbial protein is an 

important source of amino acids for ruminants, it was emphasised that, in in vitro trials, more than one 

parameter should be evaluated in combination rather than selecting based on a single parameter (Ceren 
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2021). In the present study, the addition of olive cake to the ration at different rates, in place of dry meadow 

grass, had no significant effect on microbial protein synthesis efficiency values. 

TVFA, NH3-N and pH Values of the TMR Groups 

The mean values and the variance analysis results of rumen parameters such as TVFA (mmol/lt), pH 

and NH3-N (mg/lt) for the TMR groups are presented in Table 6. Of these parameters, differences between 

the groups in terms of pH values were found to be significant (P<0.05). The highest pH value among the trial 

groups was recorded in the P75 group. The P75 and P100 groups, and the P0, P25 and P50 groups, were 

similar to one another in terms of pH values. Lana et al. (1998) reported that rations with a high proportion 

of roughage increase not only rumen pH but also gas production in ruminants. Özel and Sarıçiçek (2010) 

observed that the optimum rumen pH should be 5.5-7.0. In the current study, it was determined that the pH 

values for the experimental groups ranged 6.40- 6.50, and that the pH increased in line with the rise in the 

proportion of olive cake in the ration. Fatehi et al. (2017) determined an inverse relationship between TVFA 

content and methane production. As for Göncü ve Kaya (2022) reported that TVFA content decreased in 

accordance with an increase in the addition of olive leaves to the diet. In the current study, however, unlike 

other researchers, it was found that the addition of olive cake to the ration did not significantly affect TVFA 

values.  

Table 6. TVFA, NH3-N and pH Values of Total Mixed Ration Groups 

TMR Groups pH 
TVFA 

(mmol/lt) 

NH3-N 

 (mg/lt) 

P0 6.40b 117.40 425.33 

P25 6.41b 119.73 433.33 

P50 6.43b 116.57 443.67 

P75 6.50a 106.02 455.67 

P100 6.47ab 106.92 428.67 

P 0.037 0.081 0.274 

SEM 0.01 1.69 4.51 

a, b: Means with different letters in the same column differ significantly (P<0.05). TVFA: Total volatile fatty 
acids, NH3-N: Ammonia nitrogen 

Generally, Keleş and Er (2023) carried out a feeding experiment related to the effect of voluntary 

intake of stoned olive cake (SOC) on performance traits of in Karya sheep yearlings and Saanen goats, and 

stated that the olive cake can be used in ruminant rations as alternative feedstuff. Also Chiofalo et al. (2004) 

investigated the effect of partially destoned olive cake on milk yield and characteristics in lactating ewes, 

and reported that olive cake was added at a rate of 20% to replace the alfalfa hay, wheat bran, and beet pulp 

contained in the complete ration prepared for the control group. The fact that studies conducted on dairy 

cattle using mixed rations containing different proportions of olive cake have yielded varying results 

regarding these parameters may be attributed to differences in the harvest period, geographical location 

where the olives were grown,  the nutrient composition and the olive oil production method of the olive 

cake used (with the partially or completely destoned, or de-oiled), its form (silage, dry, pellet, etc.), 

combined with differences in the roughage–concentrate feed ratios of the rations. 

Consequently, given that the P25 group exhibited the highest total gas production, ME, NEL and OMD 

values, and that the P25 group also had the highest IVTDDM and IVTDD values being similar to those of the 

control group. It was concluded that partially destoned olive cake could be used at a rate of 25% in place of 

DMG as an alternative roughage source in dairy cattle TMRs, and that this conclusion should be supported 

by in vivo studies. 
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