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A B S T R A C T 

By-products from the food industry can be valuable ingredients in animal feeds. One example is olive cake 
(OC), generated in large amounts by the olive oil industry, which contains oil with a high proportion of 
oleic acid and polyphenols. An experiment was performed using pigs to de-termine the nutritional value of 
crude (COC) and partially defatted (PDOC) olive cake, and to evaluate their effect on nutrient balance, 
slurry properties and potential ammonia (NH3) and methane (CH4) emissions. Five experimental feeds 
were designed; a basal diet and another four diets produced by substituting 100 or 200 g/kg of the basal diet 
with either COC or PDOC. Thirty finishing male pigs (76.1 ± 4.2 kg initial BW) were used in the 
experiment (6 animals/treat-ment). After a 14-day adaptation period, faeces and urine were collected 
separately for 7 days to measure nutrient digestibility and the excretory patterns of nitrogen. Potential NH3 

and CH4 emissions were measured in reconstituted slurry samples over 11 and 100 days, respectively. The 
dry matter (DM), crude protein (CP), cellulose, starch and energy coefficients of total tract ap-parent 
digestibility (CTTAD) were negative and linearly (P < 0.05) affected by OC inclusion level. However, the 
type of OC did not influence any of the digestion efficiencies studied. The energy digestibility of the 
ingredients tested, estimated by substitution, were 0.479 ( ± 0.040, SEM) and 0.327 ( ± 0.049) for COC and 
PDOC, respectively. Overall, the results indicate a di-gestible energy (DE) value from COC and PDOC that 
account respectively for around 80 or 60%of the DE provided by barley grain in pigs. Faecal content of 
cellulose, polyphenols and gross energy (GE) increased linearly with OC inclusion, whereas ash content 
decreased. The total N content of urine decreased linearly with OC inclusion, but benzoic and hippuric acid 
contents increased, which resulted in lower pH values for the OC diets. The ratio between faecal and urine 
N excretion decreased from 2.48 in the basal diet to 1.01 on average in the 200 g/kg OC diets. As a result, 
increasing both COC and PDOC levels in diets resulted in lower NH3 emissions per volume of slurry and in 
a lower biochemical CH4 potential. Although slurry excretion increased with OC inclusion, daily NH3 

emissions still decreased with increasing OC inclusion. However, potential CH4 emissions per animal 
increased. A global perspective throughout the production chain is needed to assess the impact of including 
OC in pig diets on gaseous emissions. 

Abbreviations: ADFom, acid detergent fibre without residual ash; ADICP, acid detergent insoluble CP; ADL, acid detergent lignin; AOAC, Association of Official 
Analytical Chemists; B0, biochemical methane potential; CH4, methane; COC, crude olive cake; CTTAD, coefficient of total tract apparent digestibility; DM, dry matter; 
CP, crude protein; DE, digestible energy; aNDFom, stable amylase neutral detergent fibre; NDICP, neutral detergent insoluble crude protein; NH3, ammonia; OM, 
organic matter; PDOC, partially defatted olive cake; SEM, standard error of means; TAN, total ammonia nitrogen; TDF, total dietary fibre; TKN, total Kjeldahl Nitrogen; 
VFA, volatile fatty acids 
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1 . Introduction 

Worldwide pork production reached 115 Tg in 2014 (Food and Agriculture Organization Corporate Statistical Database 
FAOSTAT, 2017), and is expected to rise in the coming decades (Alexandratos and Bruinsma, 2012). However, increasing in
tensification of pig production raises concerns about its sustainability, especially in terms of nutrient use. Nearly two thirds of the 
EU’s cereals are used in animal feeds (European Commission, 2017), but, on average, only 25–30% of global animal dietary gross 
energy is retained in meat and milk products. Consequently, a relevant proportion of nitrogen and organic matter intake is excreted, 
which has important potential environmental impacts. According to the European Environment Agency (2017a,b), pig slurries in the 
EU are responsible for about 15% of ammonia (NH3) and 4% of total methane (CH4) emissions. In the future, the feed industry will 
need to find alternative feedstuffs and minimize their eco-footprints. 

By-products from the food industry often constitute a serious management problem both in economic and environmental terms, 
but they also involve great losses of valuable nutrients (Mirabella et al., 2014). Olive oil production is a major industry in Medi
terranean countries and generates large amounts of waste. Olive cakes (OC) consist of a mixture of olive pulp, skin, stone, water and 
residual oil, in variable proportions, which are often dried to facilitate further use (Uribe et al., 2013). Although OC is widely used as 
biofuel (Casanova-Peláez et al., 2015), its nutrient content and phenolic makeup may be useful for animal nutrition (Uribe et al., 
2013). 

Oil extraction procedures affect the amount and composition of olive by-products (Vlyssides et al., 1998; De Blas et al., 2015). 
Crude OC has an appreciable oil content with a high proportion of oleic acid (Joven et al., 2014). When cost-efficient, it can be 
partially or totally extracted, based on variability in the market price of olive oil. The by-products are generally dried and available 
throughout the year. The OC can potentially be used as a source of energy in diets for finishing pigs and sows, which would contribute 
to circular economy in Mediterranean countries such as Spain, the most important olive oil producer and the fourth biggest pig 
producer worldwide (FAOSTAT, 2017). Previous research (e.g. Canh et al., 1997; Bindelle et al., 2009; Galassi et al., 2010; Beccaccia 
et al., 2015a) has shown that including fibrous by-products (such as sugar beet pulp, orange pulp or carob meal) in diets for growing 
pigs can help to reduce ammonia and methane emissions from slurry, per unit of nitrogen (N) or organic matter (OM), respectively. 
The objective of this study was to determine the nutritive value for fattening pigs of crude (COC) and partially defatted (PDOC) olive 
cake without stones and evaluate their effects on nutrient balance, slurry composition and gaseous emissions from slurry, when 
included in pig diets. 

2 . Material and methods 

2.1 . Animals, diets and experimental design 

The experimental procedure was approved by the Ethics Committee of the Universitat Politècnica de València (registration 
number 2016/VSC/PEA/00024). Thirty finishing male pigs, progeny of Pietrain x (Landrace x Large White) with 76.1 ± 4.2 kg 
initial BW were used in the experiment (6 animals per treatment) in three batches of 10 animals each. Crude and partially defatted OC 
without stones were provided by a local processor DCOOP, Antequera, Spain (see Table 1 for their chemical composition). Five 
experimental feeds were designed; a basal diet and another four diets produced by substituting 100 or 200 g/kg of the basal diet with 

Table 1 
Chemical composition of the olive cakes (OC) studied (g/kg, as fed basis). 

Crude OC 

932 
83.4 
6.66 
96.0 
59.7 
33.7 
162 
356 
227 
121 
15.9 
97.0 
21.7 

Partially defatted OC 

937 
89.5 
6.37 
79.9 
72.1 
38.0 
119 
367 
247 
131 
19.8 
100 
21.2 

Neutral detergent insoluble CP. 
Acid detergent insoluble CP. 

Dry matter 
Ash 
HCl insoluble ash 
Crude protein 
NDICPa 

ADICPb 

Ether extract 
aNDFom 
ADFom 
ADL 
Total polyphenols 
Sugars 
Gross energy (MJ) 



either COC or PDOC. The basal diet was formulated with common ingredients (barley, corn, wheat, and soybean meal) in commercial 
feeds to meet or exceed net energy, protein and essential amino acid levels in order to avoid an excessive imbalance in diets 
supplemented with OC with respect to the recommendations of FEDNA (2013) for fattening pigs (20–100 kg). Ether extract (EE) and 
fibre contents were kept low in the basal diet to compensate for the high content of these components in OC. The ingredients and 
chemical composition of the experimental diets are shown in Tables 2 and 3 , respectively. 

The experimental period consisted of a 14-day adaptation period to diets, followed by 7 consecutive days during which faeces and 
urine were collected individually, as described in Beccaccia et al. (2015a). The experimental period consisted of a 14-day adaptation 
period to diets, followed by 7 consecutive days during which faeces and urine were collected individually, as described in Beccaccia 
et al. (2015a). The total amount of faeces and urine excreted per animal was collected separately every 24 h and pooled by animal at 
the end of the collection period. At the beginning of the experiment, pigs were assigned to one of five dietary treatments and placed in 
conventional pens until day 9 of the adaptation period. After that, they were housed individually in metabolism pens (1.2 × 2 m2) 
until the end of the experiment. The collection period (the last 7 days of the experimental period) was divided in two parts to facilitate 
collections for energy and nutrient balance (days 1–4) and gaseous emissions (days 5–7). Feed and water were provided ad libitum 
throughout the experimental period. Feed was provided in dry form (pelleted). Pigs were weighed individually at the beginning of the 
adaptation period. 

2.2. Experimental procedures and sample preparation 

The experimental procedures and sample preparation for the energy and nutrient balance and emissions period followed the 
procedure described in Beccaccia et al. (2015a). Briefly, during the energy and nutrient balance (4 days), feed consumption was 
measured and total urine and faeces excreted per animal were collected daily in separate buckets, weighed and stored in a chamber at 
4 °C until the end of the collection period. Urine was collected under sulphuric acid (120 mL of H2SO4 at 10% per bucket and day). 
Upon final collection the faeces and urine were pooled per pig, mixed, subsampled and stored at - 2 0 °C until laboratory analyses 
were performed. During the next 3 days (days 5–7), urine and faeces were collected in a similar way, but without any addition of 
sulphuric acid to urine. On day 7, slurries were reconstituted by mixing urine and faeces from each animal in the same proportion as 
excreted. A part of these slurries was used in fresh for pH and NH3 emission measurements and another one was subsampled and 
frozen (–20 °C) for determination of slurry characteristics and biochemical methane potential (BMP). 

2.3. Chemical analysis of feeds and effluents 

Feeds and faeces from the nutrient balance period were analysed for DM (930.15), ash (923.03), EE (920.39) and total dietary 
fibre (985.29) according to the Association of Official Analytical Chemists (AOAC, 2000) procedures. Ether extract content was 
determined by AOAC methods (920.39).Total sugars were analysed according to the method of Yemm and Willis (1954). The 
concentrations of aNDFom, ADFom and ADL were determined sequentially using the filter bag system (Ankom Technology Corp., 
Macedon, NY, USA) according to Mertens (2002), AOAC (2000 and Van Soest et al. (1991), using heat stable amylase (FAA, Ankom 
Technology Corp., Macedon, NY, USA), and expressed without residual ash. The contents in soluble fibre were estimated from the 
difference between total dietary fibre and aNDFom corrected by crude protein (CP) content in the residue. The contents in hemi-
celluloses and cellulose were estimated, respectively, from the differences between aNDFom and ADFom and ADFom-ADL 

Table 2 
Ingredient composition of the experimental diets (g/kg, as fed basis). 

Barley grain 

Corn grain 

Wheat grain 

Soybean meal 4 8 

Crude olive cake 

Partially defatted olive cake 

Calcium carbonate 

Dicalcium phosphate 

Sodium chloride 

DL-methionine 

L-lysine HCL 

L-threonine 
Premixb 

Dietsa 

Basal 

300 

300 

1 6 3 

205 

0 

0 

7 

12.8 

4.2 

0.4 

2.3 

0.5 

5 

100_COC 

270 

270 

147 

184 

100 

0 

6.3 

11.5 

3.8 

0.4 

2 .1 

0.5 

4.5 

200_COC 

240 

240 

1 3 1 

164 

200 

0 

5.6 

10.2 

3.4 

0.3 

1.9 

0.4 

4 

100_PDOC 

270 

270 

147 

184 

0 

100 

6.3 

11.5 

3.8 

0.4 

2 .1 

0.5 

4.5 

200_PDOC 

240 

240 

1 3 1 

164 

0 

200 

5.6 

10.2 

3.4 

0.3 

1.9 

0.4 

4 

a 100_COC = 100 g/kg crude olive cake; 200_COC = 200 g/kg crude olive cake; 100_PDOC=100 g/kg partially defatted olive cake; 200_PDOC=200 g/kg par
tially defatted olive cake. 

b Vitamin and mineral premix supplied per kg complete diet: 5000 IU of vitamin A; 1000 IU of vitamin D3; 3 mg of vitamin B2; 20 mg of vitamin B12; 10 mg of 
niacin; 4 mg of pantothenic acid; 48 mg of betaine; 30 mg of manganese oxide; 110 mg of zinc oxide; 10 mg of copper sulphate; 0.75 mg of potassium iodide; 0.1 mg 
sodium selenite; 90 mg of iron carbonate. 


