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    Introduction

In line with the worldwide oil production increase, olive 
oil production of Turkey has increased approximately 2.5 fold 
in the last decade [13]. Increase in oil production resulted in 
greater availability of the olive by-products. Olive cake (OC) 
is obtained after the extraction of oil from olives and consists 
of skin, pulp, stone and water [10]  and as a by-product of 
olive oil industry, OC presents a significant potential to 
decrease the cost of feed in Mediterranean regions.

In general, the nutritive value of OC as feed is low due 
to its high fiber content (68 ± 12 % neutral detergent fiber 
(NDF)) and low digestibility values (27 ± 1.0 % in vitro dry 
matter (DM) digestibility))  [10]. Therefore, OC has mostly 
been used in the diets of small ruminants since they can 
better utilize low quality feedstuff than large ruminants. 
The nutritive value of OC is affected by the proportion of 
different physical components (stone, skin, pulp, and water), 
residual oil extraction, harvest year, geographic origin, and 
contamination with soil [10]. Among these factors, stone 
proportions and ether extract (EE) level are the primary 

factors affecting the nutritive value of OC. Effective sieving 
process that lowers the level of stones, which have the lowest 
nutrient content among the OC components, concomitantly 
increases the nutritive value of OC [6, 9, 15] and thereby may 
allow stoned OC (SOC) being included in the diets of high 
yielding dairy cows. 

Thus, the objective of this study was to investigate the 
possibility of integrating SOC obtained from two-stage oil 
extraction procedure into diet of high yielding dairy cows.  

Materials and methods

DAIRY COWS 

The research was performed according to the ethical 
guidelines of Animal Research Ethics Committee of 
Adnan Menderes University with a number of 092. Twelve 
multiparous (third lactation) high yielding Holstein dairy 
cows in early lactation were divided into two groups according 
to milk yield and were randomly assigned to control (C) 
or SOC groups. The milk yield of C and SOC groups were 
46.3±2.64 (43.0 to 50.8 kg/d) and 46.4±2.28 (43.2 to 50.6 
kg/d), respectively. Days in milk of groups were also similar 
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RÉSUMÉ

Effet du tourteau d’olives sur la production et la composition du lait chez 
les vaches laitières

Les études réalisées avec le tourteau d’olives dans l’aliment sont généralement 
disponibles chez les petits ruminants, alors que les connaissances liées 
à son utilisation chez les vaches laitières  à productivité élevée sont rares. 
Cette étude a examiné l’effet d’une substitution partielle de fourrages ou 
concentrés par du tourteau d’olives dénoyautées (stoned olive cake, SOC) sur 
la production et la composition de lait de vaches laitières Holstein. Douze 
vaches laitières à rendement élevé ont été nourries ad libitum pendant 22 j 
avec un aliment contenant du SOC ou non (C, contrôle). Le SOC sous forme 
de pellets a été substitué à 8 % de fourrage et 5% de concentré de la ration 
totale mélangée (TMR) des vaches. Les vaches qui ont été nourris avec du 
SOC ont consommés plus de matière sèche (P <0,01) que celles qui ont été 
nourries avec l’aliment contrôle (C, 28,1; SOC, 32,8 kg / j). Le SOC n’a pas eu 
d’effet (P> 0,05) ni sur la production de lait (C, 47,5; SOC, 50,9 kg / j), ni sur 
le taux de graisse corrigé (FCM: C, 45,7; SOC, 44,5 kg / j). Les vaches dans le 
groupe contrôle semblaient avoir un taux en matières grasses plus élevé dans 
le lait, mais l’exportation de graisse laitière quotidienne ne différait pas entre 
les groupes. Bien que l’utilisation de SOC dans l’alimentation ait diminué (P 
<0,05) l’efficacité alimentaire, son utilisation en toute sécurité en substitution 
des concentrés plutôt que des fourrages est possible chez les vaches laitières 
à hauts rendements.
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as being 61.8±19.1 (36 to 94 d) and 61.0±14.4 (37 to 76 d) for 
C and SOC groups, respectively. In a 22-d experiment, cows 
kept in 2x3 m2 individual pens were adapted to their pens 
and diets for 12 d and data collection lasted for 10 d. Cows 
fed ad libitum at 08:00 and 18:00 daily, and had continuous 
access to fresh water. The amount of TMRs and refusals in 
experimental period were recorded daily, sampled and kept 
-20 ºC. The refusals feed represented 0.05-0.10 of feed offered 
to each cow. Cows were milked thrice daily at 04:00, 12:00 
and 20:00 h and milk yield was recorded daily through the 
experiment. Milk samples were taken from each cow at day 
19 from three milking time and composited equally, and then 
stored at -18oC for milk composition. 

DIETS

Olive cake a product of a two-phase centrifugation 
extraction procedure passed 3 mm screen in fresh form, 
was dried in industrial scale and pelleted in a local factory 
(Morova, Aydin, Turkey). The nutritive value of SOC is given 
in Table I. 

The TMRs (Table I) were formulated to provide crude 
protein, NEL, and minerals to produce 46 kg/d of milk with 
3.5% fat, 3.1% protein, 4.8% lactose for 640 live weight dairy 
cows with their 65 days in milk according to NRC (11) 
recommendations. The SOC substituted 8% of roughage 
and 5% of concentrate of the total mixed ration (TMR). 

Therefore, C group had 17% higher roughage component 
than SOC group (48.0 vs 39.9%). Although having higher 
roughage ratio, C diet had 4% lower NDF content than SOC 
diet had. Both TMRs had equal EE from cotton seed or SOC 
(1.2 vs 1.2% DM). 

ANALYTICAL PROCEDURES 

Feedstuffs included to the TMRs were dried in an air−
forced oven at 55oC for a minimum period of 48 h to reach a 
constant weight. The samples were ground to pass a 2−mm 
screen (MF 10 B, IKA werke, USA) and analyzed for DM (102 
oC for 4 h), ash (550oC for 4 h) and EE (with hexan). Kjeldahl 
method according to AOAC [3] was applied to determine 
crude protein (CP) content of all samples (Gerhardt, 
Vapodest 45s, with automated distillation and titration, 
Germany). The NDF and acid detergent fiber (ADF) were 
assayed according to the methods prescribed by Van Soest 
et al. [14] using with Ankom200/220 Fiber Analyzer (Ankom 
Technology, Macedon, NY, USA). The NDF was analyzed 
with the inclusion of a heat stable α−amylase and sodium 
sulfite, but both NDF and ADF were expressed inclusive of 
residual ash. Lignin was determined by incubation of ADF 
residues with diluted H2SO4 (1634 g/L in 20 oC) for 3 hours in 
Daisy Incubator (Ankom Technology, Macedon, NY, USA). 
Non−fiber carbohydrates (NFC) were: 100 − NDF − ash − CP 
− EE. The metabolizable energy (ME) of feedstuff used for 
preparing TMRs was calculated according to NRC [11]. Milk 

Ingredients1 Control diet Olive cake diet Cotton seed Olive cake
Maize silage 35 28
Alfalfa hay 13 12
Olive cake - 13
Cottonseed, whole 6.8 -
Concentrate 37 42
Corn grain, pelleted 6.7 4.0
Energizer2 0.8 0.8
Sodium bicarbonate 0.8 1.0

Composition1 100 100
Forage ratio 48.0 39.9
NDF, from forage 21.0 17.5
Organic matter 92.7 92.4 95.7 95.7
Crude protein 17.1 17.1 18.4 6.9
Ether extract 4.45 4.28 17.2 9.2
NDF 34.5 35.9 53.9 59.4
ADF 20.0 21.0 41.3 41.8
Lignin 4.35 5.09 13.5 14.5
Hemicellulose 14.6 14.9 12.6 17.6
Cellulose 15.6 15.9 27.8 27.4
NFC 42.8 42.3 6.2 20.3
NEL, Mcal/kg 1.61 1.54 1.94 1.23

1NDF: Neutral detergent fibre; ADF: Acid detergent fibre; NFC: non-fibre carbohydrates; NEL: Net energy lactation
2: by-pass fat, 7.41 Mcal/kg

Table I: Ingredients and composition of experimental diets (% in DM)
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samples were assayed according to AOAC [3]. Milk urea-N 
(MUN) content was determined according to Weatherburn 
[16]. Efficiency of use of feed N to milk was calculated as N = 
[(milk true protein, kg/d ÷ 0.93) ÷ 6.38] ÷ N intake, kg/d [8].
STATISTICAL ANALYSIS

The comparisons between the groups were performed by 
independent t test by SPSS [12]. Significance was declared at 
P < 0.05 and P < 0.01

Results 

Stoned OC used in this experiment had 6.9% CP and 
1.23 NEL Mcal/kg content, with a similar content of cell wall 
carbohydrate to cotton seed. The nutrient intakes of dairy 
cows are presented in Table II. Dry matter intake (DMI) 
of cows fed SOC TMR and C were 28.1 and 32.8 kg/d, 
respectively. The 14% higher (P<0.01) DMI of cows in SOC 
diet   as compared to C resulted in greater (P<0.01) nutrient 

intake (organic matter, CP, EE, NDF, NFC and energy), 
except roughage origin-NDF intake. Because SOC TMR 
had lower roughage content, cows fed this TMR consumed 
similar (P>0.05) NDF from roughage origin. 

Milk yield, composition and feed efficiency parameters 
are given Table III. Considerably high yield parameters 
(milk, 3.5% FCM, protein and fat production, kg/d) were 
not affected (P>0.05) by feeding SOC at a level of 13%. Milk 
composition did not differ (P>0.05) between cows fed SOC 
TMR and C TMR, but milk fat percentage tented (P=0.08) to 
lower by feeding SOC TMR. 

Addition of 13% SOC to the TMR of cows decreased 
(P<0.01) the feed efficiency when expressed as both milk and 
3.5% FCM yield per DMI. However, dietary treatments did 
not affect (P>0.05) neither milk MUN level nor the efficiency 
of use of feed N to milk N.

Item1 Control Olive cake SEM P
Dry matter 28.1 32.8 0.61 <0.01
Organic matter 26.0 30.3 0.57 <0.01
Crude protein 4.79 5.59 0.105 <0.01
Ether extract 1.25 1.40 0.027 <0.01
NDF 9.6 11.8 0.22 <0.01
NDF- forage origin 5.90 5.74 0.116 0.35
Non-fiber carbohydrates 12.1 13.9 0.26 <0.01
NEL, Mcal/kg d 43.6 50.9 0.95 <0.01

1NDF: Neutral detergent fibre; NEL: Net energy lactation 

Table II: Nutrient intake of Holstein dairy cow fed with (n=6) or without (n=6) stoned olive cake (kg/d)

Items Control Olive cake SEM P
  Yield, kg/d
Milk 47.5 50.9 1.66 0.19
3.5% Fat corrected milk (FCM) 45.7 44.5 1.63 0.60
Protein 1.30 1.44 0.082 0.26
Fat 1.55 1.38 0.087 0.19
  Composition, %
pH 6.55 6.60 0.034 0.34
Dry matter 11.6 10.9 0.38 0.24
Ash 0.70 0.65 0.040 0.36
Fat 3.26 2.74 0.189 0.08
Protein 2.74 2.81 0.127 0.70
Lactose 4.92 4.75 0.297 0.69
Milk urea Nitrogen, mg/dL 16.8 15.4 0.62 0.14
  Feed efficiencies
Milk/dry matter intake 1.69 1.55 0.030 <0.01
3.5 % FCM/dry matter intake 1.63 1.36 0.051 <0.01
Milk N/N intake 0.27 0.25 0.013 0.46

Table III: Milk production, milk composition and feed efficiencies of dairy cow fed with or without stoned olive cake (n=6 for each group).
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Discussion

In general, DMI decreases when NDF in diets exceeds 
25%, and above the level 35% NDF in diets, the filling effect 
of rumen, restricting the DMI becomes more obvious [2, 
5]. However, in the present study, SOC TMR had a 35.9% 
NDF level, yet the DMI was not affected by the dietary fiber 
content. It is likely that a number of factors could contribute 
to the higher DMI of SOC diets in present study. Firstly, pellet 
form of SOC could enhance the DMI of SOC TMR. This is 
suggested because of the higher NDF content of SOC TMR 
resulted from the high NDF content of SOC included and, 
small particle size of pellet form could not affect physical fill 
in the reticulo-rumen [2, 11]. Secondly, because both group 
had a similar roughage origin-NDF intake, lower roughage 
level of SOC TMR could further increase the DMI, as when 
non-forage fiber sources substituted for roughage in diet, 
DMI generally increases [2]. Finally, slightly lower energy 
value of SOC TMR could enhance intake of cows.

Increased yield parameters in sheep were reported by 
Chiofalo et al. [4] and Hidjipanayiotou [7] at the similar 
level of OC (15%) but, similar effect was not observed in 
goat and cows [7]. In the current study, substitution of 
SOC with 8% of the roughage and 5% of the concentrate in 
TMR did not affect the milk yield of cows. It is likely that 
difference in substitution of OC to roughage or concentrate 
in diet of the ruminant and difference in nutritive values of 
OC used in different studies makes comparisons the effect 
of OC on yield parameters difficult.  Hidjipanayiotou [7] 
reported that milk fat content of goat and sheep increased 
by feeding diets containing 15% OC silage, but feeding dairy 
cows at similar level of OC had no significant effect on milk 
composition. Author ascribed the higher fat level of goat and 
sheep by feeding OC silage to fiber content and replacement 
of forage with OC silages, although both diets had only 30-
39% roughage level. In the present study, including OC at a 
level of 13% to the TMR containing 39.9% roughage tended 
to decrease milk fat content. The differences between the 
two experiments may be attributed to the different roughage 
sources used and the difference in productivity of animals 
used (milk yields 18 vs 51 kg/d). This is also suggesting that 
other diet components used together with SOC may also 
affect the milk fat. Protein content of milk was not affected 
by feeding SOC and this is in line with the Chiofalo et al. [4] 
and Hidjipanayiotou [7]. 

At the similar milk yield parameter of cows fed SOC or C 
TMR, feeding SOC TMR with higher DMI reduced the feed 
efficiency. It is possible that feeding SOC with lower particle 
size reduced the digestibility because of increased passage 
rate and thereby, resulted in a lower feed efficiency. 

The concentration of MUN can be used as a good 
indicator of efficiency of N utilization in rumen for dairy 
cow. The MUN concentrations was similar and in range of 
normal level in both groups [11]. This indicated that N in 

both TMRs was utilized well in rumen and efficiency of use 
of feed N to milk N was not affected by the dietary N. 

In conclusion, SOC used in this experiment was 
considerably high for high yielding dairy cows yet the 
performance of cows was not negatively affected by the 
addition of 13% SOC, except the milk fat tended to decrease. 
Therefore, the results support the possibility of using SOC in 
diets of high yielding dairy cows. However, SOC should be 
used to substitute for concentrate rather than roughages as 
diets of dairy cows contain low amount of roughages.
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