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One of the key factors to improve swine production sustainability is the use of agro-industrial by-products in feeds, such as olive 
by-products. However, it is necessary to assess its effects on the overall production process, including the animal and the 
environment. With this aim, an experiment was conducted to determine the effects of including a partially defatted olive cake 
(PDOC) in pig diets on growth performance, faecal microbiota, carcass quality and gas emission from the slurry. Two finishing 
diets were formulated, a control (C) diet and a diet with PDOC included at 120 g/kg. Eighty finishing male pigs Duroc-Danbred × 
(Landrace × Large White) of 60.4 ± 7.00 kg BW were divided between these two treatments. During the finishing period (60 to 
110 kg BW, 55 days) average daily gain, average daily feed intake and feed conversion ratio were recorded. Faecal samples from 
the rectum of 16 animals per treatment were incubated for bacteria enumeration. At the end of finishing period, backfat 
thickness and loin depth (LD) were measured. Animals were slaughtered to obtain carcass weight and carcass composition 
parameters, and subcutaneous fat was sampled to analyse the fatty acid (FA) profile. In addition greenhouse gas and ammonia 
emissions were measured during pig slurry storage using the methodology of dynamic flux chambers. An initial slurry 
characterisation and biochemical methane potential (B0) were also determined. No significant differences between treatments 
were found in performance, carcass quality and microbial counts with the exception of LD, which was lower in PDOC compared 
with C animals (45.5 v. 47.5 mm, SEM: 0.62; P = 0.020). The FA profile of the subcutaneous fat did not differ between 
treatments, but the monounsaturated FA (MUFA) concentration was higher and the polyunsaturated FA was lower in the animals 
fed PDOC (50.9 v. 48.3, SEM: 0.48, P < 0.001; 17.6 v. 19.3, SEM: 0.30, P < 0.001 in mg/100 g of Total FA, for PDOC and C 
animals, respectively). The initial pig slurry characterisation only showed differences in ADF concentration that was higher 
( P < 0.05) in the slurry from PDOC treatment. Regarding gas emission, slurries from both treatments emitted similar amounts of 
ammonia (NH3), carbon dioxide (CO2), methane (CH4) and nitrous oxide (N2O), as well as B0 values. The results obtained suggest 
that PDOC may be included in balanced pig diets at rates of up to 120 g/kg without negative effects on performance, carcass 
quality, gut microflora and slurry gas emission, while improving the MUFA concentration of subcutaneous fat. 
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Implications 

The use of olive cake (OC) in animal feed can be of interest for 
the livestock sector, increasing its profitability and sustain-
ability. Moreover its oleic acid and polyphenols’ content 
might positively affect carcass traits and gut health. From 

the results obtained in the present work, partially defatted 
olive cake can play a role in pig nutrition, since neither per­
formance or carcass quality traits nor the environmental 
impact of slurries was negatively affected by its inclusion 
in diets. Moreover, its use improves the monounsaturated 
fatty acid concentration in subcutaneous fat. This knowledge 
is essential to implement the use of OC in animal feeding and 
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to find more sustainable feeding strategies in the livestock 
sector. 

Introduction 

The use of agro-industrial by-products in animal feed can be 
economically and environmentally beneficial to the livestock 
sector, increasing its profitability and sustainability. Olive 
cake (OC) is one of the most relevant agro-industrial by­
products in the Mediterranean area, and a major pollutant 
from olive oil production. The combination of environmental 
concerns of OC management and the economic interest of 
components such as phenols has raised the research activity 
on this by-product (García-González and Aparicio, 2010). 
Animal feeding is considered one of its possible end 
uses, and this would contribute to circular economy in 
Mediterranean countries such as Spain, the most important 
olive oil producer and the fourth-biggest pig producer world­
wide (FAOSTAT, 2017). Olive cake consists of olive pulp, skin, 
stone and water. Stones represent about 18% to 32% of the 
product and are generally removed and used as biomass 
(FEDNA, 2010). In general, OCs without stones show a 
high fibre and lignin content (from 160 to 557 g lignin/kg 
DM) and a low but variable CP content (44 to 115 g/kg 
DM) (Alburquerque et al., 2004; Molina-Alcaide and 
Yáñ ez-Ruiz, 2008; De Blas et al., 2015a). Its oil content 
depends on the oil extraction procedure. The crude OC con­
tains about 120 to 140 g/kg ether extract (EE), and it can be 
partially or totally extracted, based on variability in the mar­
ket price of olive oil (Molina-Alcaide and Yáñ  ez-Ruiz, 2008; 
De Blas et al., 2015b). The fatty acid (FA) composition of OC 
reveals a high proportion of oleic acid (Joven et al., 2014) and 
thus a possible positive effect on the quality of animal prod­
ucts when used in diets. In main producing areas of olive oil 
in Spain, these by-products are generally dried and available 
throughout the year and, thus, potentially used as a source of 
energy in finishing pigs and sows. Recent studies in growing-
finishing pigs show that its digestible energy (DE) content is 
variable depending on its oil content (around 60% to 80% of 
the DE provided by barley grain; Ferrer et al., 2018) and that 
its inclusion up to 100 g/kg of OC in diets replacing barley 
grain on a weight basis does not impair feed intake and 
growth but decreases dietary DE concentration and carcass 
conformation and backfat thickness (Joven et al., 2014). In 
addition, its use as a feed ingredient might modify slurry pro­
duction, composition and gas emission (Ferrer et al., 2018). 
These effects might be related to its high fibre and phenolic 
content. Previous research has shown that including fibrous 
by-products (e.g. sugar beet pulp, orange pulp, carob meal or 
rapeseed meal) in diets for growing pigs can help to reduce 
ammonia (NH3) and occasionally methane (CH4) emission 
from faeces or slurry, per unit of nitrogen (N) or organic mat­
ter (OM), respectively (Canh et al., 1997; Torres-Pitarch et al., 
2014; Beccaccia et al., 2015). In the case of OC its inclusion in 
diets might also decrease NH3 emission from slurry (Ferrer 
et al., 2018). On the other hand, olive by-products are rich 
in phenolic components (3.0 to 50.0 g/kg DM) with a high 

antimicrobial and antioxidant capacity (Leouifoudi et al., 
2015). When included in diets this antimicrobial capacity 
might also affect animal health and bacterial-dependent 
gas emission from slurry. 

The objective of the present study was to determine the 
effects of the inclusion of a partially defatted olive cake 
(PDOC) in balanced finishing pig diets on growth perfor­
mance, carcass quality, faecal microbiology, slurry composi­
tion and gas emission. 

Material and methods 

Animals, diets and experimental design 
Eighty growing males, progeny of Duroc-Danbred × 
(Landrace × Large White) at 25.1 ± 3.6 kg initial BW were 
used in the experiment. At arrival, pigs were identified and 
distributed according to BW in 16 pens and 2 rooms (8 pens 
per room). The slurry pit from one of the rooms was divided 
into four different pits that allowed the collection of the slurry 
excreted by the animals housed in two consecutive pens and 
fed with the same diet. All the animals were phase-fed two 
common commercial feeds before the beginning of the exper­
imental period (phase 1: from 25 to 34 kg BW; phase 2: from 
34 to 61 kg BW). At 60.5 kg BW pens were assigned to two 
different treatments (eight pens/treatment according to aver­
age pen weight and SD within pen). These treatments con­
sisted of a control feed (C-diet) or a feed with 120 g/kg of 
PDOC (PDOC-diet) formulated to be isocaloric and isoami-
noacidic by adjusting the added fat, soybean meal and syn­
thetic amino acids. Minerals were also adjusted to 
requirements in both diets. The OC inclusion level in the 
PDOC diet was chosen from the results obtained in the study 
of Joven et al. (2014) and our previous results (Ferrer et al., 
2018) reporting no differences in average daily feed intake 
(ADFI) up to 200 g/kg inclusion level of PDOC. Detailed 
OC and experimental diets composition are given in 
Tables 1 to 4. The dehydrated OC was obtained from an olive 
pomace industry (DCOOP, Antequera, Spain) and added in 
the PDOC-diet at the expense of barley and sunflower meal. 
The coefficient of total tract apparent digestibility (CTTAD) 
of energy for OC was previously determined in an in vivo 
study (Ferrer et al., 2018). Experimental feeds were offered 
ad libitum in dry form (pelleted) for 55 days, until slaughter 
(118 ± 10.6 kg BW). Free access to water was provided 
during all of the experimental period. 

Growth performance, carcass and meat quality 
Pigs were individually weighed fortnightly from the start of 
trial until slaughter. Feed consumption was recorded and 
the average daily gain (ADG), ADFI and feed conversion ratio 
(FCR) were then calculated. In vivo backfat (BF) and loin 
depth (LD) were measured at the P2 position, using a B-mode 
ultrasound device (Agroscan A16, Angoulême, France) as 
described by Cerisuelo et al. (2010) on days 53 to 54. At 
the end of the experimental period pigs were slaughtered. 
Fasting was practised for approximately 12 h before 
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