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Abstract Two experiments were carried out in Syria with the
purpose of investigating to which extent the effects of includ-
ing 30% olive cake (replacing parts of forage and concentrate)
or tomato pomace (replacing concentrate) in the diet, de-
scribed under controlled on-station conditions, can be recov-
ered on farm. A total of 180 lactating Awassi ewes (three
farms per experiment, 15 ewes per treatment) were fed either
control diets or test feed diets over a period of 7 weeks. Milk
yield was measured bi-weekly and milk composition was
analysed for gross physicochemical composition and fatty
acid (FA) profile. Both feeds reduced milk yield (−10 %)
and milk protein content, whereas milk fat content was in-
creased by tomato pomace. Both feeds resulted in similar
changes in milk FA profile, namely less saturated and poly-
unsaturated FA and more monounsaturated FA including 18:1
trans FA. Tomato pomace and olive cake also resulted in
increased n-6:n-3 FA ratios, while the proportion of the con-
jugated linoleic acids was not affected by either treatment. In

conclusion, the response of the ewes on farm was clear and
similar in nature for most of milk-related traits as that found on
station, but lower in magnitude.

Keywords Sheep .Milk . Fatty acid . Olive cake .

Tomato pomace . Syria

Introduction

In Mediterranean countries, large amounts of by-products are
available from olive oil production and tomato processing.
Although a number of studies showed that olive cake and
tomato pomace have feeding potential, their actual feeding
value under practical farming conditions is not well known.
Increased knowledge about the effects of the use of alternative
feeds at farm level could increase the adoption of these feed
alternatives by farmers and promote their marketing as feeds.
Research on the effects of such feeds on milk yield and other
animal performance traits has been intensified since the re-
views by Molina-Alcaide and Yáñez-Ruiz (2008) and Vasta
et al. (2008). Various studies investigated the effect of includ-
ing olive cake in various forms in the diet of lactating ewes
(Hadjipanayiotou 1999; Chiofalo et al. 2004; Vargas-Bello-
Pérez et al. 2013a) and other dairy animals (Molina-Alcaide
et al. 2010, Faye et al. 2013, Terramoccia et al. 2013), and in
growing lambs (e.g., Taheri et al. 2013). However, few have
investigated the effect of tomato pomace (Romano et al. 2010;
Romero-Huelva et al. 2012). In these experiments, between 2
and 25 % of the diet were replaced with these alternative
feeds. A previous controlled on-station experiment demon-
strated that 30 % of a common diet for indigenous fat-tailed
dairy Awassi sheep can be replaced by any of these two feeds
without major impairment of performance (Abbeddou et al.
2011b). Among the two feeds, tomato pomace had been
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previously shown to be equivalent to other concentrate ingre-
dients while olive cake ranged in between low-quality forage
and concentrate ingredients (Abbeddou et al. 2011a).
Additionally, at 30 % proportion in the diet (Abbeddou et al.
2011b), the two alternative feeds shifted the fatty acid (FA)
profile of the milk towards that considered beneficial for
human health (DACH, 2000; Jutzeler van Wijlen and
Colombani 2010).

The hypothesis tested in the present study was that the
effects on animal performance and FA profile of including
olive cake or tomato pomace at 30 % in the diet, as found
before in dairy ewes under controlled conditions (Abbeddou
et al. 2011b), can be fully recovered under field conditions. In
order to exclude farm effects, test diets were used on three
farms each with indigenous fat-tailed Awassi sheep, the most
common sheep breed in the region.

Materials and methods

Experimental farms and animals

The study took place in 2009 in the Aleppo province of Syria.
In the year preceding the experiments, farmers in the area were
approached to determine their interest and eligibility to par-
ticipate in an up-scaling experiment testing the effects of
replacing part of the traditional diet with alternative feeds at
farm level. In a series of meetings, the purpose of the exper-
iments and the criteria for including farms were explained.
These were the availability of at least 30 ewes in an age range
between 3 and 5 years and at least in their second gestation
and the willingness of the farmers to feed the test diets for
2 months once the experiment started. Additionally, questions
raised by the farmers about feed safety and potential risks for
milk production were answered. Eventually, six farms from
the villages Abu Jabar, Khirbat Al-Dib and Qdayria were
selected for the experiment. The farmers owned from 55 to
300 ewes in the age range of 3 to 6 years whereof between 51
and 64 were subjected to data collection for consideration to
be selected as experimental animals. All farms fed straw as dry
season fodder and concentrate mostly prepared from barley or
other cereals, wheat bran and sugar beet pulp. In order to
minimize mistakes in feed allocation, treatments per farm
were limited to two (control vs. test diet), resulting in three
farms per experiment.

The unimodal rainy season leads to a mating regime with a
relatively narrow lambing season, which was conducive for
limiting the duration of the experimental period. On all farms
selected, in the mating season, extra cottonseed meal was
provided to the ewes in order to promote conception and
thereby shorten the lambing period. In January 2009, when
the ewes started lambing, the experimental farms were first
visited and every second week from then on. The

development of the lambs’ body weight (BW) was considered
in order to determine the date of weaning, i.e. the start of the
experiment. On day 0 of the experiment (on average 62±
16 days after lambing), all suitable ewes were weighed after
12 h had passed from the last feeding/water consumption.
Body weight, lambing date, milk yield and gross composition
of the morning milk were used to eventually select 30 ewes
per farm for the experiments (180 ewes in total). On each
farm, half of the ewes were assigned to a control group, the
other half to one of the two test diet groups (olive cake diet in
experiment 1, tomato pomace in experiment 2) in a way which
balanced treatment averages for a number of performance
traits.

Feeds and feeding

New batches from the already tested on-station feeds,
i.e. olive cake and tomato pomace, were purchased for
this study. The residue from the first pressing of green
olives, consisting of skin, pulp and stones, was obtained
from a traditional cold pressing olive oil factory in
Afrin, Syria, during November and December 2008.
The residue was dried indoors at room temperature.
Tomato processing residues were bought in summer
2008 and dried in the shade. Farmers used their own
barley straw. All other dietary ingredients (Table 1) used
in these experiments had also been obtained as complete
batches and were the same as those that had been
employed for the previous assessments (see more details
in Abbeddou et al. 2011a, b). Without either olive cake
or tomato pomace, the composition was the same as
that used earlier (Abbeddou et al. 2011b), except that
wheat grain was replaced by barley grain. This control
diet basically represented the traditional farm practice in
terms of ingredients and composition.

The diets were composed of concentrate and straw in a
ratio of 7:3. Proportionately, 3/7 of the traditional concentrate,
predominantly consisting of sugar beet pulp, wheat bran and
cottonseed meal, was replaced by barley grain and olive cake
(2/3) or by tomato pomace in the test diets (Table 1). Like in
Abbeddou et al. (2011b), the test diets contained less metab-
olizable energy (ME), calculated from in vitro organic matter
digestibility (IVOMD) following Abbeddou et al. (2011a),
than the control diet, and this was especially true for the olive
cake-based diet. The complete diets were balanced for crude
protein (CP) by adding urea to the concentrate. Molasses were
added to all diets to improve palatability. All concentrates
were supplemented with a vitaminized mineral mix. Water
was supplied at ad libitum access.

Ewes on the experimental farms had not started grazing
when the experiment started because of exceptionally poor
pastures as a consequence of low precipitation. Following
farmer traditions, the ewes were allowed to graze later on in
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addition to receiving the experimental diet, but this was only
for few hours/day. According to estimates made by Hilali et al.
(2011), grazing natural pastures in the area may cover up to
25 % of the animal requirements. However, although not
measured, it is likely that the grass intake was much lower
in 2009 than in average years.

The quantities of straw and concentrate to be handed over
weekly to the farmers were calculated based on the dry matter
(DM) and CP analyses carried out at ICARDA and ME
calculations, and weighed and carefully mixed manually at
ICARDA. On each farm, one family member was trained by
the experimenters to weigh the feeds and to supervise that
feeding was performed exactly to the experimental schedule.
Starting from day 0, the experimental groups of ewes were
separated from the entire flock and fed exclusively the exper-
imental diets. A 14-day transition period from the diet used
before, which was considered to be part of the entire experi-
ment, consisted of gradually adapting the animals to higher
amounts of feed in general and especially the unfamiliar test
feeds. Accordingly, on experimental day 0, only 1 kg diet DM
(concentrate to straw ratio, 2:1) was offered per ewe, which
was increased to 2 kg DM/ewe on day 1. From day 9 to day
14, the ewes were offered 2.3 kg DM/day and reached 2.5 kg
DM/day from day 15 to day 50. This meant that after 2 weeks,
0.75 kg straw and 1.75 kg concentrate per head per day were
provided, except for the olive cake group where this was
0.5 kg straw and 2.0 kg concentrate. Half of the daily portion
was offered at 09.00 a.m. and the other half at 05.00 p.m.; this
was always done directly after milking.

Data recording and sample collection

Dietary ingredients were sampled for analysis before the
experiment started. On day 0 and after the 7 weeks of exper-
iment, BW was measured by a mechanical balance. This was
done after milking and before feeding. On day 0, and at the
end of weeks 1, 3, 5 and 7, milk yield was determined by a
volumetric cylinder during two milking events starting at
08.00 a.m. and 04.00 p.m. Milking was done manually by
women. Samples of morning milk (50 ml) were put into a
cooling box (4 °C) and transported to ICARDA’s laboratory at
the end of the sampling where they were immediately
analysed for their constituent composition. Milk subsamples
from 10 random ewes out of the 15 ewes per treatment per
farm obtained on day 0 and at the end of weeks 1 and 7 of the
experiment were immediately stored at −20 °C for later FA
analysis.

All procedures involving the animals followed the interna-
tional guiding principles published by the Council for
International Organizations of Medical Sciences and the
International Council for Laboratory Animal Science (2012).

Laboratory analyses

Feeds were analysed for their proximate contents by standard
methods (AOAC 1997). These included DM, CP (AOAC
977.02; using Kjeldahl unit Vapodest 30, C. Gerhardt,
GmbH&Co., KG, Königswinter, Germany) and IVOMD
(Tilley and Terry 1963). Contents of fat, protein, lactose, total

Table 1 Nutritional value of the ingredients and composition of experimental diets (% of dry matter)

Ingredient Diet

Trait Crude protein Metabolizable energya Control Olive cake Tomato pomace

Ingredients

Olive cake 6.1 2.4 – 29.8 –

Tomato pomace 20.3 6.0 – – 29.8

Barley grain 13.7 11.2 9.9 29.8 19.8

Sugar beet pulp 10.3 10.6 29.8 – 5.0

Wheat bran 17.4 10.3 9.9 – –

Cotton seed meal 38.5 7.5 19.8 9.9 4.9

Molasses 6.2 11.7 – 9.9 9.9

Mineral-vitamin premixb – – 0.8 0.8 0.8

Barley straw 6.1 6.7 29.8 19.8 29.8

Protein and energy contents

Crude protein 17.6 17.5 17.7

Metabolizable energya 8.8 7.3 8.1

Diets were individually supplemented with urea at levels of 0.7, 2.0 and 1.4 % of dry matter for control, olive cake and tomato pomace diets, respectively
aMJ/kg dry matter
b Contained per kg: Ca, 138 g; P, 108 g; Mg, 151 mg; Na, 123.5 g; Cu, 119 mg; Mn, 774 mg; I, 76 mg; vitamin A, 12,500,000 IU; vitamin D3,
300,000 IU; vitamin E, 0.5 g
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solids (TS) and solids non-fat (SNF) in milk were measured
by theMilkoscan 133 B (Foss Electric, Denmark). In the same
individual milk samples, electrical conductivity (EC;
Microprocessor EC/TDS Meter, HI98360), pH (pH meter,
HI113), both from Hanna Instruments, Padovana, Italy, and
density (density meter, DMA35, PAAR, Graz, Austria) were
analysed. Energy-corrected milk (ECM; kg/day) was calculat-
ed based on the ALP (2008) formula as

ECMðkg=dÞ
¼ Milk kg=dð Þx 0:38xfat %ð Þ þ 0:24xprotein %ð Þ þ 0:17xlactose %ð Þ½ � = 3:14

For FA analysis, milk samples were thawed in a water bath
at 37 °C and gently mixed to achieve a homogenous distribu-
tion of the milk fat. The FA were extracted and analysed as
outlined by Molkentin and Precht (2000), with the same
equipment (gas chromatograph GC 2010 with GCsolution
program, Shimadzu, Kyoto, Japan; CP-Sil88-fused silica cap-
illary column SP™-2560 with 100 m×0.25 mm ID, 0.20-μm
film, Supelco, Bellefonte, PA, USA) and protocol as described
in detail in Abbeddou et al. (2011b).

Statistical analysis

Data was analysed by repeated measurement analysis using
the MIXED procedure of SAS (2009) and assuming a com-
pound symmetric structure. The fixed effects considered were
diet, period (weeks 1, 3, 5 and 7, except for FAwith weeks 1
and 7 and BW with week 7 only) and the interaction between
these two factors (except for BW). Farm was included in the
model as random effect. All experimental data were adjusted
for baseline records measured at day 0 (covariate). Data ob-
tained on day 0 was statistically analysed to control whether
there were differences in treatment allocation. Farm was con-
sidered. Tables display least squares means and standard
errors of the mean.

Results and discussion

On average over both groups, BW (kg), initial days in milk,
(energy-corrected) milk yield (g/day) and contents (%) of TS,
SNF, fat, protein and lactose in milk were 47.0, 62.6, 768,
15.5, 11.8, 3.76, 5.62 and 5.42, respectively, in experiment 1.
In experiment 2, the corresponding initial values were 42.3,
60.7, 997, 15.8, 11.5, 4.35, 5.39 and 5.36, respectively. None
of the baseline group means did significantly differ.

Treatment effects on performance and general milk quality
traits

All ewes gained weight during the two experiments, but this
significantly less with the tomato pomace diet as compared to

control (Table 2). The ECM yield was in the order of 1.1 to
1.3 kg/day. It increased from the preexperimental to the
experimental diet in all groups. These effects were likely
the result of the higher amount of feed offered, even
though the diets had a lower concentrate proportion than
the preexperimental diets. The latter also resulted in a
significant increase in milk fat content compared to the
baseline values.

Olive cake-fed ewes produced significantly less ECM
(9 %) and milk protein (14 %) than their control group. The
corresponding values for the tomato pomace-fed ewes were
−10 and −16 %. Milk fat yield was significantly reduced only
after olive cake feeding during the entire experiment period.
The average decline in ECM yield was of the same magnitude
as that found on station by Abbeddou et al. (2011b) with −11
and −6% ECMwhen feeding olive cake- and tomato pomace-
containing diets. However, in that study, this trend was not
significant maybe because of the comparably smaller sample
size. Additionally, in the present investigation, the tomato
pomace diet was no longer superior to the olive cake diet
(analysis between the two groups not shown). Romero-
Huelva et al. (2012) found a trend towards lower milk yield
with tomato pomace, too, even though it was included at a
proportion of only 12.5 % in DM. Olive cake is particularly
low in digestibility and energy content (Abbeddou et al.,
2011a), but this had been taken into account when designing
the corresponding test diet. The feeding value of olive cake
could clearly increase if a de-stoning step was implemented in
olive processing (e.g., Chiofalo et al. 2004). Although most of
studies were carried out on animals well adapted to the dry
conditions, the present effects on the performance of the two
feeds are difficult to compare with those found by others in
dairy animals since (i) typically much lower proportions were
included in these diets, (ii) concentrate or forages or both were
replaced, (iii) feeds were given in different forms (ensiled,
dried, combinations) and (iv) sometimes species other than
sheep were tested. This may help to explain why adverse
effects of olive cake on milk yield were only found in one
study including only 10–12 % olive cake in diet as fed
(Molina-Alcaide et al. 2010), whereas no negative effect was
reported by Terramoccia et al. (2013) and even a trend towards
higher performance was found by Hadjipanayiotou (1999),
Chiofalo et al. (2004) and Faye et al. (2013).

The declines in milk protein content found with both test
diets were consistent with the reduced dietary energy supply
corroborating the findings of milk yield declines. Different
from the olive cake diet, the tomato pomace diet promoted
milk fat content. This different response may be explained by
certain structural properties of fibrousness of both feeds and
the concomitant reduction in straw proportion in the olive
cake diet. Total solids and lactose contents were not signifi-
cantly affected by the test diets. The tomato pomace diet led to
significant declines of pH and milk density, while both diets
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resulted in an increased milk EC. However, these changes are
not likely to be of practical relevance for instance for
manufacturing yoghurt and cheese. Most studies did not re-
port significant changes in milk protein and fat contents with
either olive cake (Chiofalo et al. 2004; Molina-Alcaide et al.
2010; Abbeddou et al. 2011b; Faye et al. 2013; Terramoccia
et al. 2013; Vargas-Bello-Pérez et al. 2013a) or tomato pom-
ace (Romero-Huelva et al. 2012). Hadjipanayiotou (1999)
noted elevated milk fat contents with olive cake and, consis-
tent with the present study, Abbeddou et al. (2011b) found a
reduced milk protein content with tomato pomace. Except
from one case, there were no significant diet type × period
interactions in the present study.

Treatment effects on the fatty acid profile of the milk fat

Diet type had a significant influence on the proportions of the
majority of the FA in milk fat in both experiments (Table 3).
Feeding olive cake and tomato pomace diets significantly
reduced proportions of total saturated FA, total short-chain
and total medium-chain FA, 16:0 and 18:2 c9,c12. Both diet
types significantly increased 18:0 proportions, which is the
terminal product of biohydrogenation of unsaturated C18 FA,
as well as proportions of 18:1 c9 and all trans-18:1 FA except
18:1 t11. Concerning total and individual conjugated linoleic
acids (CLA), there was no response to the olive cake diet

whereas the tomato pomace diet resulted in different re-
sponses (increased proportions of 18:2 c9,t12 and 18:2
c9,t13; decreased proportions of 18:2 t11,c15 and 18:2
c9,c11; no change in the two remaining isomers) leading to
unchanged total CLA proportions. Polyunsaturated FA with
>2 double bonds remained unaffected by the test diets except
for a decline in 20:5 c5,c8,c11,c14,c17 with both treatments.
With both test diets, proportions of monounsaturated FA
increased. Those of polyunsaturated FA were significantly
decreased with olive cake. Total n-3 FA slightly declined
and, with the tomato pomace diet, total n-6 FA significantly
increased. The calculated n-6:n-3 ratio significantly increased
after feeding olive cake (from 1.4 to 1.6) and even to a larger
extent after feeding tomato pomace (from 1.5 to 2.3). Still, the
threshold of 5 as is desired for human diets (DACH 2000) was
never exceeded. The ratios found in the present study were
clearly lower than those reported by Abbeddou et al (2011b)
in the on-station experiment (ratios ranged between 8.5 and
10.5 with traditional and olive cake- and tomato pomace-
supplemented diets).

From the results, it can be deducted that an extensive
ruminal biohydrogenation of the lipids present in both test
feeds took place. Biohydrogenation was even complete to a
substantial degree as confirmed by the elevated 18:0 propor-
tions. As the biohydrogenation intermediates 18:1 trans and
CLA need polyunsaturated FA as precursors (Chilliard et al.

Table 2 Effect of diet type and measurement period (end of weeks 1, 3, 5 and 7 of experiment; body weight (BW) only end of week 7) on BW changes,
milk yield and physicochemical properties of the milk (n=45 per period and treatment, n=720 in total)

Olive cake experiment Tomato pomace experiment

P value P value

Trait Control Olive
cake

SEM Diet
(D)

Period
(P)

D × P Control Tomato
pomace

SEM Diet
(D)

Period
(P)

D × P

BW change (g/day) 154 138 7.1 0.238 – – 207 179 7.1 0.005 – –

Milk yield (g/day)

Total ECM 1187 1092 23.9 0.008 0.001 0.355 1286 1155 22.7 <0.001 <0.001 0.163

Change in ECM 420 324 20.6 0.008 0.001 0.355 288 157 21.2 <0.001 <0.001 0.163

Fat 48.2 44.2 0.94 0.014 0.031 0.584 52.4 50.2 0.99 0.199 <0.001 0.423

Protein 50.1 43.0 0.94 <0.001 <0.001 0.046 51.2 42.9 0.82 <0.001 <0.001 0.107

Milk composition (%)

Total solids 17.4 17.8 0.13 0.091 <0.001 0.968 17.6 17.4 0.11 0.288 <0.001 0.224

Solids non-fat 11.7 11.8 0.07 0.698 0.136 0.147 11.7 11.2 0.05 <0.001 0.015 0.260

Fat 5.85 5.99 0.075 0.175 <0.001 0.006 5.91 6.33 0.069 <0.001 <0.001 0.138

Protein 5.96 5.72 0.028 <0.001 <0.001 0.357 5.74 5.44 0.033 <0.001 <0.001 0.995

Lactose 5.39 5.34 0.017 0.103 <0.001 0.857 5.28 5.17 0.017 <0.001 <0.001 0.921

pH 6.61 6.59 0.009 0.125 <0.001 0.785 6.61 6.58 0.006 0.009 <0.001 0.945

Electrical conductivity (mSv) 4.16 4.24 0.021 0.040 <0.001 0.194 4.32 4.36 0.020 0.249 <0.001 0.165

Density 1.037 1.035 0.0010 0.191 0.531 0.436 1.035 1.034 0.0002 <0.001 <0.001 0.774

ECM energy-corrected milk, SEM standard error of mean

Trop Anim Health Prod (2015) 47:145–152 149



2007), it was astonishing that the tomato pomace diet, rich in
these FA, did not result in an increase in total CLA and not in a
clearer increase in the 18:1 trans FA than the olive cake diet.
Several secondary constituents, abundant in olive cake, may
have (partially) inhibited biohydrogenation (e.g., Vasta and
Luciano 2011). As 18:1 c9 is not a biohydrogenation interme-
diate (Chilliard et al. 2007), other pathways could be involved
in elevating 18:1 c9 proportions in the milk, such as a direct
transfer from feed. With tomato pomace, an up-regulated
desaturation of 18:0, probably in the mammary gland, has to
be assumed as a consequence of the greater metabolic supply
with 18:0 (Abbeddou et al. 2011b).

In the present study, overall the response to the olive cake
and tomato pomace diets in the FA profile was quite similar,
except that of certain CLA isomers. This similarity in response
was unexpected because the two test feeds clearly differ in FA
profile and, with that, the resulting diets. The major FA (% of
total FA) found in batches of similar origin of olive cake by
Abbeddou et al. (2011b) was 18:1 c9 (64.2 %), whereas it was
18:2 c9,c12 (55.1 %) in tomato pomace. The corresponding
FA proportions (%) in milk described by Abbeddou et al.
(2011b) in the total diet FA (control, olive cake and tomato
pomace diets) were 14.2, 27.0 and 13.7 for 18:1 c9 and 29.8,
27.0 and 36.5 for 18:2 c9,c12, respectively.

Table 3 Effect of diet type and measurement period (end of weeks 1 and 7 of experiment) on the proportions of fatty acids in milk fat (% of total fatty
acid methyl esters) (n=30 per period per treatment, n=240 in total)

Olive cake experiment Tomato pomace experiment

P value P value

Fatty acid Control Olive
cake

SEM Diet
(D)

Period
(P)

D × P Control Tomato
pomace

SEM Diet
(D)

Period
(P)

D × P

16:0 26.6 24.5 0.25 <0.001 <0.001 <0.001 27.8 25.5 0.23 <0.001 0.318 0.176

18:0 10.5 12.2 0.26 <0.001 <0.001 <0.001 10.5 13.6 0.23 <0.001 0.877 0.993

18:1 c9 15.8 19.9 0.36 <0.001 <0.001 <0.001 14.6 19.7 0.30 <0.001 <0.001 0.231

18:1 c12 0.241 0.227 0.0050 0.104 0.924 0.150 0.263 0.429 0.0099 <0.001 <0.001 0.089

Total 18:1 cis 16.8 21.1 0.37 <0.001 <0.001 <0.001 15.7 21.2 0.32 <0.001 <0.001 0.268

18:1 t4 to t9 0.524 0.915 0.0299 <0.001 <0.001 <0.001 0.479 0.788 0.0170 <0.001 0.014 0.108

18:1 t10 0.401 0.568 0.0160 <0.001 0.002 <0.001 0.345 0.512 0.0111 <0.001 0.001 0.481

18:1 t11 1.13 1.13 0.027 0.899 <0.001 0.581 1.23 1.18 0.033 0.362 <0.001 0.016

Total 18:1 trans 2.37 3.01 0.063 <0.001 <0.001 <0.001 2.38 2.99 0.053 <0.001 0.034 0.032

18:2 c9,c12 2.59 2.12 0.044 <0.001 <0.001 <0.001 2.60 2.32 0.033 <0.001 <0.001 0.840

18:2 c9,c11 0.085 0.076 0.0030 0.090 <0.001 0.285 0.074 0.053 0.0036 0.001 <0.001 0.047

18:2 c9,t13 0.276 0.281 0.0059 0.652 <0.001 0.266 0.284 0.367 0.0085 <0.001 0.001 0.022

18:2 c9,t12 0.092 0.097 0.0023 0.271 0.837 0.226 0.100 0.127 0.0031 <0.001 0.370 0.227

18:2 t11,c15 0.178 0.172 0.0065 0.517 0.001 0.887 0.192 0.156 0.0075 0.002 <0.001 0.078

18:2 c9,t11 0.519 0.533 0.0112 0.506 <0.001 0.159 0.545 0.579 0.0128 0.161 0.127 0.005

18:2 t9,t11 0.051 0.049 0.0024 0.566 <0.001 0.951 0.049 0.053 0.0033 0.539 0.692 0.231

Total CLA 0.656 0.656 0.0131 0.998 <0.001 0.127 0.668 0.686 0.0148 0.511 0.837 0.002

18:3 c9,c12,c15 0.569 0.539 0.0246 0.140 <0.001 0.064 0.451 0.437 0.0184 0.590 0.059 0.363

20:5 c5,c8,c11,c14,c17 0.073 0.064 0.0030 0.044 <0.001 0.632 0.057 0.047 0.0018 0.001 0.814 0.519

22:6 c4,c7,c10,c13,c16,c19 0.041 0.031 0.0048 0.295 0.466 0.236 0.034 0.029 0.0037 0.472 0.247 0.239

Total n-3 1.15 1.08 0.013 0.059 <0.001 0.083 0.98 0.90 0.033 0.072 0.274 0.475

Total n-6 1.41 1.44 0.019 0.343 0.015 0.741 1.39 1.88 0.034 <0.001 <0.001 0.749

n-6:n-3 ratio 1.42 1.61 0.071 0.030 <0.001 0.048 1.55 2.34 0.069 <0.001 <0.001 0.943

SCFA 15.1 13.9 0.21 0.001 <0.001 0.160 15.3 12.3 0.26 <0.001 <0.001 0.168

MCFA 44.6 39.7 0.47 <0.001 <0.001 <0.001 45.4 39.6 0.38 <0.001 0.050 0.392

SFA 70.4 66.0 0.41 <0.001 <0.001 0.001 71.3 65.3 0.39 <0.001 <0.001 0.897

MUFA 21.4 26.1 0.40 <0.001 <0.001 <0.001 20.3 26.2 0.35 <0.001 <0.001 0.677

PUFA 5.70 5.12 0.068 <0.001 <0.001 <0.001 5.48 5.38 0.067 0.386 <0.001 0.897

CLA conjugated linoleic acids, MCFA medium-chain fatty acids, MUFA monounsaturated fatty acids, PUFA polyunsaturated fatty acids, SCFA short-
chain fatty acids, SEM standard error of mean, SFA saturated fatty acids
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In the present experiments, type and direction of response
to both olive cake and tomato pomace in key FAwas to a large
degree the same as that found by Abbeddou et al. (2011b), but
the magnitude of the change was mostly only half as high. It
seems that a part of the effect was diluted by other factors such
as grazing, and this includes the control as well. The effects
olive cake had on milk FA profile partially agreed with the
findings by others in milk of ewes (Chiofalo et al. 2004;
Abbeddou et al. 2011b; Vargas-Bello-Pérez et al. 2013a),
goats (Molina-Alcaide et al. 2010), buffaloes (Terramoccia
et al. 2013) and camels (Faye et al. 2013), where the level of
effect sometimes was small owing to low dietary olive cake
proportions. The present results were additionally confirmed
by quite similar responses of milk FA to pure olive oil sup-
plementation (Gómez-Cortés et al. 2008; Vargas-Bello-Pérez
et al. 2013b). Concerning the effects of tomato pomace on
milk FA profile, the results of other studies (Romano et al.
2010; Romero-Huelva et al. 2012) disagreed quite strongly
with those of Abbeddou et al. (2011b) and the present inves-
tigation. When the level and direction of effect of both test
feeds disagreed with other findings, then it was predominantly
in the proportions of 18:2 c9,c12 and n-6:n-3 ratio and, with
olive cake, in CLA. This could be the result of differences
either between control diets or in the FA profile of the test
feeds. In the present study, there were a number of significant
treatment × period interactions in FAwith olive cake, indicat-
ing that the level of the olive cake effect changed with time.

Conclusions

It was possible to show with Awassi sheep that the nature of
the effects of two food industry by-products, obtained under
controlled research station conditions, can actually be recov-
ered very closely on private farms. However, concerning the
desired changes in milk fatty acid profile, the level of effect
was mostly only half of that found on station. The results also
show that the deliberately very high dietary proportion of the
test feeds prevented that milk yield remained completely
undisturbed. If these dietary proportions should be kept, diets
would have to be balanced with ingredients rich in energy.
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