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Abstract
This study aimed to evaluate the effect of short-term forage substitution with ensiled olive cake (OC), on yield, composition and
fatty acid (FA) profile of cows’ milk. Mid-lactating Holstein-Friesian cows were randomly assigned for 21 days to two
isoenergetic and isoproteic feeding treatments (12 animals per treatment), containing 0 and 10% DM of ensiled OC (C and
OC groups, respectively). Milk yield was recorded daily, and milk samples were collected at 14 and 21 days of the trial for
analyzing the fat, protein, and FA profile of milk. No significant differences were observed in milk yield, protein, and fat nor in
protein and fat percentage of milk between groups. However, dietary supplementation with ensiled OC modified the FA profile
of cow milk. Feeding cows with ensiled OC resulted in a significant decline of medium-chain FA, while long-chain and mono-
unsaturated FA were risen in milk (P < 0.05). Among individual saturated FA, palmitic was particularly reduced, while among
individual mono-unsaturated FA, increments of C18:1 cis-9 were demonstrated with the OC treatment (P < 0.05). Although total
poly-unsaturated FA were decreased, the concentration of CLA cis-9, trans-11 tended to be elevated with OC feeding (P = 0.06).
Overall, short-term forage substitution with ensiled OC improved, beneficially for human health, the lipid profile of milk without
adversely affecting milk yield or milk composition of lactating cows.
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Introduction

Inclusion of different products rich in unsaturated fatty acids
(UFA) in the diets of lactating ruminants alters milk fatty acid
(FA) composition beneficially for human health (Ferlay et al.
2017). Crude olive cake (OC), which is the most abundant by-
product of olive oil production, represents an alternative for-
age substitution and could be useful for tropical and
Mediterranean areas with shortage of roughages (Costa et al.
2019). Nevertheless, the inclusion of OC in ruminants’ feed is
now rare because of its low nutritive value, rapid spoilage, due
to rancidity, and seasonal availability (Hadjipanayiotou 1999;
Tzamaloukas et al. 2021), while the process of drying or
destoning adds extra costs to this by-product. Considering

the disadvantages of using fresh or dried OC, the ensiling
method applied in Cyprus is a cost-effective alternative to
overcome those difficulties, allowing the use of OC in rumi-
nants throughout the year. Moreover, OC may improve the
lipids of milk due to its richness in oleic acid. Studies per-
formed in dairy sheep demonstrated a decrease in saturated
fatty acids (SFA) and an increase in monounsaturated FA
(MUFA) and, in some cases, increased specific beneficial
UFA, such as conjugated linoleic acid (CLA), content of milk
by the inclusion of dried (Abbeddou et al. 2011a, b, 2015),
partly destoned fresh (Chiofalo et al. 2004) or ensiled OC
(Symeou et al. 2019, 2021). Recent studies in dairy cows
reported similar results. Castellani et al. (2017) showed in-
creased MUFA and CLA and decreased SFA content in milk
of cows fed dried olive pomace for a long feeding period of 64
days, while our previous work demonstrated that ensiled OC
can improve the FA content of milk and related Halloumi
cheese without adversely affecting the expression of genes
involved in lipid metabolism of mammary and adipose tissues
in cows (Neofytou et al. 2020). To date, no study has exam-
ined the effect of OC diet inclusion as a forage substitution for
a short-term feeding period in lactating cows. This
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information would be useful in farming practices of specific
areas during periods of forage shortages or to produce a spe-
cial dairy product. Therefore, the objective of this study was to
assess the short-term inclusion of 10% (DM) of ensiled OC
into the diets of lactating dairy cows, on milk production,
protein and fat content as well as on milk FA composition.

Materials and methods

Animals and diets

The experiment was performed in the Agricultural Research
Institute of Cyprus according to national and international
guidelines (Directive, 2010/63/EU 2010). Twenty-four, mid-
lactating Holstein–Friesian cows (average BW ± SD: 611 ±
45) were distributed in 6 pens of 4 animals each and allocated
randomly to 2 experimental feeding treatments (3 pens per
treatment). The control group (C) was fed a conventional diet,
whereas the OC group received the conventional diet in which
part of the forages were replaced with 5 kg/cow per day of
ensiled OC (fresh OCwith DM content of 47.6%), obtaining a
concentrate to forage ratio of 64:36 in both treatments. The
two feeding treatments were iso-energetic and iso-nitrogenous
and were offered for a 10-day adaptation period followed by
21 days recording and sampling period (Table 1). The OC
prepared according to the method described by Symeou
et al. (2019). Forages (barley hay, barley straw, and alfalfa
hay) were prepared separately for the two treatments (control
andOC)withmix wagon and offeredmanually per pen (group
fed) two times per day after morning and evening milking.
The OC prepared according to the method described by
Symeou et al. (2019) and offered manually directly after
morning milking, and cows consumed it entirely within about
15 min. Concentrate mix was offered individually to each
cow, 4 times per day, via automatic feeders (Westfalia,
Albersdorf, Germany) placed in each pen.

Measurements, sampling, and analysis

Dry matter intake (DMI) was monitored daily, for forages by
manually weighing the offered diets and collected leftovers
and for concentrate mixture with automatic measurements
collected by the electronic system (Crystal Herd
Management Software, Fullwood LTD) for each cow. The
measurements collected at 14 and 21 days of the experiment
were used for statistical analysis of the DMI. Representative
feed samples of ensiled OC, of forage mixture including alfal-
fa hay, barley hay, barley straw, and of concentrate mix on
offer were collected at the beginning and at the end of the trial,
mixed per treatment, and samples were taken for analysis. The
chemical composition of the 2 treatments is presented in
Table 1. Dry matter, ash, crude fat, and crude protein were

determined as described by AOAC (2005). Crude fiber, ADF,
ADL, and amylase NDF (aNDF) were measured according to
the method of van-Soest et al. (1991).

Cows were machine milked twice daily and milk production
was recorded. Raw milk samples for the determination of the
milk composition and lipid profile were collected at 14 and 21
days from each cow during the two consecutive milkings
(morning and evening). Measurements for total fat and protein
of milk were determined throughmethods described previously
(Tzamaloukas et al. 2015). Lipids from milk and feeds were
extracted and methylated as described by Symeou et al. (2019,
2020), respectively. Analyses of FA methyl esters (FAME) of
experimental diets andmilk samples were performed by using a
GCMS-QP2010 Plus Gas Chromatography-Mass
Spectrometer (Shimadzu, Duisburg, Germany) equipped with
a 100 m × 0.25 mm × 0.2 μm column (Agilent CP-Sil 88 fused
silica capillary column) with a 1:20 split ratio. The column was

Table 1 Ingredients, chemical composition, and fatty acid profile of
dietary Treatments and the olive cake silage used

Treatment

Item C OC Ensiled OC

Ingredient composition (%)

Ensiled OC - 10

Alfalfa 7 7

Barley hay 18 13

Barley straw 11 6

Concentrate mixa 64 64

Chemical composition (% DM)

Dry matter, % 92.9 83.83 47.58

Crude protein, % DM 17.24 17.22 5.45

Crude fat, % DM 1.75 2.29 6.93

Crude fiber, % DM 17.35 18.72 49.00

Ash, % DM 6.56 6.02 2.51

aNDF, % DM 35.74 36.44 71.46

ADL, % DM 3.5 5.62 28.25

ADF, % DM 21.12 22.4 54.62

Metabolized energy (MJ/kg)b 9.2 9.41 -

Fatty acid profile, % of total fatty acid

C16:0 26.48 23.58 13.45

C16:1 cis-9 0.32 0.61 1.48

C18:0 1.91 2.55 4.15

C18:1 cis-9 21.81 34.00 63.58

C18:2n-6 23.55 21.66 13.12

C18:3n-3 2.14 1.99 1.46

C control group, OC olive cake group
a Concentrate mix = 16% barley, 21% maize, 17.8% soybean meal 48%,
13% sunflower cake, 10% wheat bran, 18% sugar beet pulp, 4.24% min-
eral and vitamin mix
bValues from NRC (2001)
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held for 4 min at 70 °C after injection, increased at 13 °C/min to
175 °C, and then held at that temperature for a further 27 min.
The temperature was then raised to 215 °C at 4 °C/min at which
it was held for a further 36 min. Helium was the carrier gas at 1
mL/min, with both injector and interface temperatures of 225
°C. Chromatographic profiles were analyzed using Shimadzu
GCMS Postrun Solution software, and individual peaks were
identified by comparison of their retention indices and mass
spectra to those of commercially available standards and mass
spectral libraries (NIST) quantitated by peak integration and
expressed as a percentage of the total fat.

Statistical analysis

All data were subjected to an analysis using a mixed-effects
design with repeated measurements using SAS (version 9.4.
SAS Institute Inc., Cary, NC). The model included the fixed
effects of time (T), experimental diet (D) and their interaction
(T × D), and the random effect of cows and pen. Time was
considered a repeated factor, for each analyzed variable.
Statistical significance declared at P < 0.05. P values between
> 0.05 and ≤ 0.10 were interpreted as trending towards
significance.

Results

Table 2 shows the DMI, the yield of milk, fat, and protein as
well as the fat and protein content of milk during 21 days of
forage substitution with ensiled OC. The inclusion of OC in
cow diets did not influence neither the DMI, the yield of

milk, protein, and fat yield nor the fat and protein percent-
ages in cow milk. The analyzed FA and their aggregated
groups determined in milk collected from C and OC treat-
ments are given in Table 3. Feeding ensiled OC significant-
ly increased oleic and total MUFA content, at the expense of
a significant decrease of medium-chain FA (MCFA) con-
tent in milk. A tendency of decreased levels was demon-
strated in total saturated FA (P < 0.1), while individual
SFA like C4:0 and C16:0 were decreased significantly with
OC feeding. In contrast, C18:0 was the only saturated FA
that increased by the addition of OC in the cow diets.
Among individual 18-C MUFA, increased levels of C18:1
cis-9 (P < 0.05) and a tendency of elevated of the sum of
C18:1 trans-10 and C18:1 trans-11 were observed in the
milk of OC group compared to C group. On the contrary,
the contents of C14:1 cis-9, C16:1 cis-9, and C10:1 cis-9
acids were not affected by the inclusion of OC in the cow
diets. Although the content of total poly-unsaturated FA
(PUFA) was reduced by OC feeding, a tendency (P =
0.06) of increased concentration of rumenic acid (CLA
cis-9, trans-11: RA) was observed in the milk of OC group.
No differences between treatments were observed in the
concentration of α-linolenic (C18:3n-3) and arachidonic
(C20:4n-6) acids, while the levels of linoleic acid
(C18:2n-6, LA) were reduced by the OC supplementation.
The observed FA changes reduced the overall atherogenic
index of milk. No diet effect was demonstrated in the
desaturation index.

Discussion

The forage substitution with ensiled OC in the diets of dairy
cows for a short-term period, in our study, had a marked effect
on milk FA composition by increasing the content of
total MUFA and reducing the levels of saturated FA, particu-
larly MCFA. Previously, studies in cows (Castellani et al.
2017; Neofytou et al. 2020), ewes (Chiofalo et al. 2004;
Abbeddou et al. 2011a, b, 2015; Symeou et al. 2019, 2021),
and goats (Molina-Alcaide et al. 2010) reported a linear de-
cline in SFA content with concomitant increased levels of
MUFA by supplemented diets with various forms of proc-
essed OC. It is likely that MUFA of feed, escaping rumen
biohydrogenation (BH), were transferred to milk FA content
through mammary uptake from the plasma dietary FA, con-
tributing to the higherMUFA content of milk (Shingfield et al.
2010). In addition, feeding unprotected oils rich in 18-C UFA
could increase C18:1 isomers in milk arising from ruminal
metabolism and from mammary desaturation of C18:0 pro-
duced in the rumen (Chilliard et al. 2007). Thus, milk C18:1
cis-9 can be elevated either through the action of mammary
Δ9-desaturase with the substrate being stearic acid or by direct
transfer from feed (Chilliard et al. 2007). In this regard, since

Table 2 Milk production and chemical composition of milk from cows
fed diets with 0 or 10 % (DM) of ensiled olive cake during a 21-day
feeding trial

Treatments P valuea

Item Control OC SEM D T D × T

DMI, kg/d 22.87 22.90 1.40 0.63 0.51 0.32

Yield, kg/day

Milk 25.91 25.54 1.93 0.54 0.90 0.20

Fat 0.84 0.86 0.06 0.46 0.71 0.11

Protein 0.91 0.91 0.06 0.35 0.83 †

Milk composition, %

Fat 3.26 3.41 0.07 0.56 0.49 †

Protein 3.51 3.61 0.06 0.26 0.14 0.24

SnF 9.37 9.39 0.09 0.22 0.35 0.41

C control group, OC olive cake group, SnF solids non fat
a Probability of significant effects due to diet (D), time (T), and their
interaction (D × T)

*P < 0.05; **P < 0.01; ***P < 0.001; †P < 0.1: tendency
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the Δ9-desaturation index in the mammary gland did not dif-
fer between groups in the current study, it can be assumed that
the increase of oleic acid andMUFA is related more to the diet
rather than to Δ9-desaturase activity.

Furthermore, the current study showed a reduction in
medium-chain saturated FA. This may occur due to either a
higher uptake of long-chain FA from the blood, as stated

earlier, or/ and a lower de novo synthesis of medium chain
FA in the mammary gland (Dorea and Armentano 2017).
The de novo FA secretion can be inhibited by bioactive FA,
including trans CLAs and trans-monoenes such as C18:1
trans-10 and trans-11 (Bauman et al. 2011; Dorea and
Armentano 2017) which tended to be elevated in the present
study. However, the results of our previous work with

Table 3 Fatty acid composition
(expressed as percentage of total
fatty acid methyl esters) of milk
from cows fed a diet with 0 or 10
% (DM) of ensiled olive cake
during a 21-day feeding trial

Treatments P valuea

Item Control OC SEM D T D × T

C4:0 3.14 2.89 0.1 *** 0.99 **

C6:0 1.90 1.90 0.05 0.32 0.12 0.41

C8:0 1.22 1.16 0.04 0.51 † 0.23

C10:0 2.85 2.48 0.16 0.80 * 0.37

C10:1 cis-9 0.35 0.31 0.02 0.65 0.16 0.87

C12:0 3.29 2.80 0.17 0.49 0.18 0.90

C14:0 11.19 10.45 0.31 0.23 0.57 0.51

C14:1 cis-9 1.37 1.30 0.05 0.23 0.25 0.15

C15:0 1.06 0.80 0.04 0.98 0.11 0.24

C15:0 iso 0.25 0.27 0.02 0.24 0.56 0.26

C16:0 32.64 29.66 0.53 *** 0.73 **

C16:1 cis-9 1.90 1.66 0.08 0.35 * 0.96

C17:0 0.48 0.43 0.03 0.20 * 0.41

C17:0 ant/iso 0.48 0.41 0.01 0.74 0.79 0.20

C18:0 9.13 11.26 0.43 † 0.81 0.84

C18:1 trans-10 + trans-11b 0.60 0.77 0.08 † 0.64 0.38

C18:1, cis-9 19.48 23.16 0.91 * *** 0.61

C18:1, cis-11 0.49 0.56 0.04 0.91 *** 0.55

C18:2n-6 3.91 3.45 0.20 * 0.89 0.20

C18:3n-3 0.64 0.41 0.07 0.44 0.22 0.74

CLA - cis-9, trans-11 0.50 0.52 0.03 † † 0.24

C20:3n-6 0.74 0.64 0.06 † † 0.20

C20:4n-6 0.95 0.80 0.06 0.26 0.35 0.64

SCFA 9.33 9.11 0.22 0.14 * †

MCFA 52.22 47.37 0.88 *** 0.92 0.33

LCFA 37.41 42.42 1.28 ** ** 0.68

<C16 26.76 24.92 0.71 0.98 0.20 0.42

>C16 37.85 42.81 1.29 ** ** 0.71

SFA 67.95 65.12 0.75 † 0.26 0.83

MUFA 24.86 28.15 0.93 * *** 0.77

PUFA 7.12 5.89 0.37 * † 0.20

Atherogenic index 2.64 2.25 0.12 * * 0.30

Desaturation index 10.95 10.58 0.46 0.21 0.21 0.35

C control group, OC olive cake group, SCFA short chain fatty acids; C4:0 to C10:1 cis-9, MCFA medium chain
fatty acids; C12:0 to C16:1 cis-9, LCFA long chain fatty acids; C17:0 to C20:4n-6, atherogenic index = (C12:0 + 4
× C14:0 + C16:0) / (ΣMUFA + ΣPUFA), desaturation index = (C14:1 cis-9 / C14:0 + C14:1 cis-9) × 100

*P < 0.05; **P < 0.01; ***P < 0.001; †P < 0.1: tendency
b Sum of C18:1 trans-10 and trans-11
a Probability of significant effects due to diet (D), time (T), and their interaction (D × T)
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comparable amounts of OC feeding (Neofytou et al. 2020)
showed that decreased proportion of de novo FA inmilk could
occur with no changes in the expression of genes involved in
mammary lipid metabolism, suggesting that this mechanism
may not play a significant role in the observed data of the
current work.

A tendency for increased levels of RA observed in the
milk fat of cows fed the OC diet in the present study has
been reported previously as a significant increase of RA in
studies with cattle (Castellani et al. 2017; Neofytou et al.
2020) and contradictory results observed in sheep fed proc-
essed OC (Abbeddou et al. 2011b, 2015). RA can be either
synthesized endogenously in the mammary gland through
the action of mammary Δ9-desaturase with the substrate
being vaccenic acid, or through the BH of UFA by rumen
bacteria such as the Butyrivibrio fibrisolvens group
(Chilliard et al. 2007; Ferlay et al. 2017). Thus, the exis-
tence of difference of RA content in ruminant milk after
OC feeding may be attributed to the different process of
OC generated, other feed ingredients or different supple-
mentation period. Concerning other UFA, LA concentra-
tion in milk was decreased with the supplementation of OC
in the cow diets. This is in line with the study of He et al.
(2012) who indicated reduced levels of LA after inclusion
of high proportion of 18-C UFA in cow diets. In addition,
similar results were observed in the milk fat of ewes after
the inclusion of olive oil (Gómez-Cortés et al. 2008; Bodas
et al. 2010) or processed OC (Abbeddou et al. 2011b,
2015) into their diets. However, previous studies in cows
(Castellani et al. 2017; Neofytou et al. 2020) or in small
ruminants (Chiofalo et al. 2004; Molina-Alcaide et al.
2010; Tzamaloukas et al. 2021) reported no effect in the
concentration of LA in milk fat after OC feeding. The de-
creased LA levels observed in the milk fat of the OC group
could be attributed to the lower LA content contained the
OC treatment compared to C diet or to other feeding
factors.

The forage substitution with ensiled OC at rates of 10 % in
diet DM of lactating cows for a short-term period of 21 days
did not affect milk yield as well as the fat and protein content
or yield, by using isoenergetic and isonitrogenous diets, sim-
ilarly to previous studies feeding OC for a long-term period
(Hadjipanayiotou 1999; Meo Zilio et al. 2014; Castellani et al.
2017). It has been shown by a meta-analysis study evaluating
the effect of adding oil supplements in cow diets that, the
effect of dietary lipid profile can be either positive or negative
or without any significant difference in milk fat yield, al-
though affecting the FA profile of milk (Dorea and
Armentano 2017). In conclusion, the use of ensiled OC in
the diet of lactating dairy cows, for a short-term period of 21
days, modified the quality of milk by increasing the content of
beneficial FA related with positive effects to human health.
Those results show that this abundant by-product can be used

as a cost-effective forage alternative in cow diets without neg-
ative consequences in milk fat content or milk production.
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