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Simple Summary: Utilization of local by-products in pig nutrition can reduce the environmental 

impact of feeds and contribute to the sustainable development of the livestock sector. Orange pulp 

(OP) is the most abundant citrus by-product worldwide, but its seasonal production and perishable 

nature requires storage and drying procedures that might affect its nutritive value. Conservation 

process by fuel drying is expensive and can impair feed sustainability. Instead, in the Mediterranean 

countries, OP is sun-dried in the open-air. This procedure often implies a previous silage (during 

storage) which occurs naturally, because OP has a high level of sugars available for fermentation. 

Orange pulp is also rich in soluble fiber, which is highly fermentable at the pig’s caecum and may 

reduce gas emissions from slurry. In this study, the nutritive value of conventional fuel-dehydrated 

(DOP) or ensiled-sun dried (ESDOP) was determined for pig diets. Sugars fermentation during en-

siling increases fiber level in ESDOP and decreases energy digestibility compared to DOP, but both 

OP have an appreciable digestible energy content for pigs, around 87 and 94% that of barley, re-

spectively. In addition, they do not differ in the amount of slurry excreted and contribute to reduce 

potential derived ammonia and methane emissions. 

Abstract: The inclusion of orange pulp (OP) in pig diets may promote the circular economy, but 

drying procedures might influence its nutritional value and environmental impact. The purpose of 

this study was to determine the energy value and nutrient digestibility of dehydrated (DOP) and 

ensiled sun dried (ESDOP) orange pulp. The potential ammonia (NH3) and methane (CH4) emis-

sions derived from slurry were also measured. Digestible energies of 14.2 and 13.2 MJ/kg DM for 

DOP and ESDOP, respectively, were estimated by difference after a 500 g/kg substitution of a basal 

diet with OPs. A high fiber digestion efficiency was observed for both OPs. Pigs fed the basal diet 

showed a higher intake and a greater excretion of urine N than pigs fed with OP, but fecal N excre-

tion did not differ among diets. A higher benzoic and hippuric acid content in urine was observed 

in OP than in basal diet. Altogether, these findings explained a lower pH in slurry of OP diets and 

a reduction of potential NH3 emissions. The biochemical CH4 potential also decreased, especially 

with ESDOP. Overall, both OP are relevant sources of energy for pig diets. Their inclusion in feeds 

generate favorable changes of slurry characteristics that reduce potential NH3 and CH4 emissions. 
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1. Introduction 

The efficient use of agro-industrial by-products in animal diets can reduce the environ-

mental footprint of feed production by using non-edible resources, enhancing the circular 

economy and the sustainable development of the livestock sector. 

Citrus fruits are the main fruit crop worldwide, with a production, over 124 million 

metric tons. The 22% of orange world production comes from Mediterranean countries [1]. 

Around 30% of world orange production is transformed into juice [1], and orange pulp (OP) 

containing peels, rag and seeds of the original fruit is obtained as a by-product after juice 

extraction (49 to 69% of the weight of fresh oranges according to orange cultivars [2]). In 

Spain, the country with the highest citrus production within Europe, approximately 17% of 

orange production is transformed into juice [3], but this proportion increases up to 70% in 

Brazil and USA, the first and fourth largest orange producer countries in the world, respec-

tively [1]. The seasonal production of oranges results in large amounts of OP available in 

short periods of time and elevated costs derived from waste disposal for industrial plants 

that without feed market would not be able to remain competitive [4] and to produce in a 

sustainable manner [5]. 

Orange pulp chemical composition can vary depending on cultivars and climate, con-

ditions of harvesting season, fruit ripeness and the different industrial process used for juice 

extraction [2,4,6]. Orange pulp is typically rich in sugars and soluble fiber (pectins) but low 

in crude protein (CP) and phosphorus [4,6,7]. Because of the high moisture content (90% 

after juice extraction) and elevated transportation costs, wet OP can only be used in livestock 

farms near to the processing plants or stored as silage. In order to increase its usefulness by 

the feed industry and to reduce transport costs, wet OP is usually pressed after adding lime 

to reduce humidity by 10%, and either artificially dehydrated by fuel-drying in conventional 

rotatory dryers or naturally dried in the open air by solar heat. Zema et al. [8] estimate that 

around 40–50% of citrus pulp production in Mediterranean countries is used for animal 

feeding after solar drying during the warmest months of the year (May—September). Stor-

age conditions and drying temperatures may influence OP nutritional value due to losses 

of soluble nutrients and volatile organic acids during ensiling [9,10], and dry matter losses 

and Maillard reactions between reducing sugars and amino groups when high tempera-

tures (>130 °C; [2]) are applied in the drying process. The fuel cost and the environmental 

impact derived of using rotatory dryers make advisable to evaluate other eco-friendlier dry-

ing procedures for the valorization of citrus pulp in animal feeding. 

The most widespread use of OP is ruminant feeding [4]. Its inclusion in monogastric 

feeds generally requires drying and is more challenging because of its high fiber content. 

However, the nutritional value of dried citrus pulp for pigs reported in different databases 

[11–14] suggests an appreciable digestible energy content from 12.8 to 14.0 MJ/kg dry matter 

(DM), although the information available from in vivo assays is scarce [15–17] and shows 

discrepancies (11.7, 13.3 and 15.6 MJ DE/kg dry matter, respectively). Additionally, a previ-

ous study with wet ensiled citrus pulp in growing pigs reported a very low energy value 

(7.0 MJ DE/kg DM [9]), compared with other sources of citrus pulp. 

Citrus pulp has been also proposed as a valuable source of soluble fiber for finishing 

pigs with potential benefits on gut microbiota [9,18] and controversial effects on its potential 

for reduction of gaseous emissions from slurry according to the dietary fiber level assayed 

[19,20]. 

In light of a recent screening of citrus pulps by de Blas et al. [6] and the interest on 

alternative drying technologies, the objective of this work has been to determine the nutri-

tional value of two dried OP, either dehydrated (DOP) or ensiled sun-dried (ESDOP), for 

growing pigs. In addition, the implications of these two ingredients on effluents’ composi-

tion and derived potential gas emissions have been evaluated. 
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2. Materials and Methods 

Ethics Committee of the Universitat Politècnica de València approved the experi-

mental procedure (with the registration number 2016/VSC/PEA/00024). 

2.1. Experimental Design and Diets 

Twenty-four finishing male pigs (Pietrain × (Landrace × Large White)) of 62.3 ± 2.8 

kg BW were used in the experiment in two batches of 12 animals each. Fresh and silage 

orange pulps were dried by conventional fuel-trommel process or in the open air by solar 

heat, to obtain dehydrated orange pulp (DOP) or ensiled sun-dried orange pulp (ESDOP), 

respectively. Dried OPs were provided by two local fruit juice producers Zuvamesa and 

Agriconsa (Valencia, Spain) for DOP and ESDOP, respectively, both processing only or-

ange fruits harvested at the same season. The analyzed nutrient composition of these two 

sources of OP is summarized in Table 1. Three experimental feeds were formulated: a 

basal diet including corn, wheat and soybean meal and two more diets in which 500 g/kg 

of the complete basal diet were replaced by either DOP or ESDOP. The basal diet was 

formulated to exceed energy and nutrient requirements for growing-finishing pigs ac-

cording to Fundación Española para el Desarrollo de la Nutrición Animal [21]. Addition-

ally, fiber content in the basal diet was maintained low to compensate for the high content 

of fiber in the diets with OP. The ingredient and nutrient composition of the experimental 

diets are shown in Tables 2 and 3, respectively. 

Table 1. Analyzed nutrient composition of the two sources of orange pulp used in the present 

study (g/kg, dry matter basis). 

Item Dehydrated Silage Sun-Dried 

Dry matter 877 860 

Ash 59.9 83.7 

HCl insoluble ash 1.09 2.03 

Crude protein 64.5 79.3 

NDICP 1 22.6 8.10 

ADICP 2 5.40 1.30 

Ether extract 22.8 35.3 

Total sugars 355 101 

Soluble fiber 287 271 

aNDFom 3 206 247 

ADFom 4 145 176 

ADL 5 24.1 18.9 

Total polyphenols 3.59 3.27 

Lactic acid 8.30 63.2 

Citric acid 21.4 47.0 

Acetic acid 2.51 1.60 

Propionic acid 3.40 2.28 

Butyric acid 0 1.25 

Calcium 16.6 22.3 

Phosphorous 1.26 1.17 

Gross energy (MJ/kg) 17.4 17.4 

1 Neutral detergent insoluble crude protein. 2 Acid detergent insoluble crude protein. 3 Neutral 

Detergent Fiber with heat stable amylase and expressed exclusive of residual ash. 4 Acid Detergent 

Fiber expressed exclusive of residual ash. 5 Acid Detergent Lignin. 

Table 2. Ingredients of the basal diet (g/kg). 

Ingredient Proportion 

Corn 520 

Wheat 180 

Soybean meal 45.5 270 

Calcium carbonate 9.7 

Dicalcium phosphate 10.0 

Sodium chloride 4.2 

DL-methionine 0.5 

L-lysine HCL 2.0 

L-threonine 0.6 

Premix 1 3.0 

Total amount 1000 

1 Vitamin and mineral premix supplied per kg complete diet: 5000 IU of vitamin A; 1000 IU of vita-

min D3; 110 mg of zinc oxide; 90 mg of iron carbonate; 48 mg of betaine; 30 mg of manganese ox-

ide; 20 mg of vitamin B12; 10 mg of niacin; 10 mg of copper sulphate; 4 mg of pantothenic acid; 3 

mg of vitamin B2; 0.75 mg of potassium iodide; 0.1 mg sodium selenite. 
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Table 3. Nutrient content of the diets (g/kg, dry matter basis). 

  Orange Pulp Diets 1 

 Basal Diet Dehydrated Silage Sun-Dried 

Dry matter 888 881 876 

Ash 53.2 55.2 64.8 

Crude protein 214 149 157 

NDICP 2 25.6 23.0 17.4 

Ether extract 28.5 25.2 29.3 

Total sugars 48.2 208 72.6 

Soluble fiber 53.6 162 157 

aNDFom 3 108 156 183 

ADFom 4 32.9 79.3 100 

ADL 5 8.86 16.5 13.9 

Total polyphenols 0.25 1.27 1.27 

Calcium 6 7.20 11.9 14.9 

Phosphorous 6 6.12 3.71 3.73 

Benzoic acid (mg/kg) <10 14 27 

Gross energy (MJ/kg) 18.1 17.6 17.6 

Standardized ileal digestibility of amino acids 6 

Lysine 10.9 5.92 6.04 

Methionine 3.42 1.88 1.92 

Methionine + Cysteine 6.40 3.37 3.77 

Threonine 7.20 4.19 4.34 

Tryptophan 2.11 1.25 1.30 

Isoleucine 7.54 4.36 4.52 

Valine 8.48 5.17 5.41 
1 Substitution of 500 g/kg of complete basal diet with either dehydrated or silage sun-dried orange 

pulp. 2 Neutral detergent insoluble crude protein.3 Neutral Detergent Fiber with heat stable amyl-

ase and expressed exclusive of residual ash. 4 Acid Detergent Fiber expressed exclusive of residual 

ash. 5 Acid Detergent Lignin. 6 Values calculated according to FEDNA tables [12]. 

The experimental period included an adaptation period to diets of 14 days to allow 

animals adjust their consumption of experimental feeds, followed by a 7-day collection 

period during which the total production of feces and urine were collected individually, 

as described in [20]. At the beginning of the study, pigs were weighed (62.3 ± 2.8 kg BW) 

and divided, according to body weight, into three dietary treatments. Pigs were housed 

in conventional pens until day 9 of the adaptation period and individually in metabolism 

pens (1.2 × 2 m2) during the last 12 days of the study. Body weight was recorded on day 9 

of the adaptation period and at the end of the experimental period, averaging 68.0 ± 3.0 

and 76.4 ± 6.2 kg BW, respectively. During the 7-day collection period, feed intake was 

also recorded. The excreta collection in this period was divided in two phases, one for 

energy and nutrient digestibility (days 1–4) and another one for gaseous emissions meas-

urements (days 5–7). During the energy and nutrient digestibility period, urine was col-

lected under sulphuric acid (120 mL of H2SO4 solution at 10% per bucket and day) to avoid 

nitrogen (N) losses due to ammonia (NH3) volatilization. Only on days 2 and 3 of the di-

gestibility period, urine was acidified after collection to permit pH measurement before 

acidification. At the end of the gaseous emissions collection period, artificial slurries were 

reconstituted by mixing the fresh urine and feces from each animal in the same proportion 

as excreted. Feed and water were provided ad libitum throughout the experimental pe-

riod and feed was distributed in dry form (mashed). Pigs were individually weighed, 

again, at the end of the study. 

2.2. Chemical Analysis of Feeds and Excreta 

Representative samples of dried OP, feeds and feces from the digestibility period 

were analyzed for DM (930.15), ash (923.03), ether extract (920.39), total dietary fiber (TDF, 

985.29), CP (986.06), calcium (927.02), phosphorus (964.06) and gross energy (GE) accord-

ing to the Association of Official Analytical Chemists procedures [22]. Additionally, the 
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proportion of neutral and acid detergent insoluble CP was analyzed according to stand-

ardized procedures [23]. Total sugars from OP and feeds were analyzed using the method 

of Luff–Schoorl [24]. The concentrations of neutral acid detergent fiber (aNDFom), acid 

detergent fiber (ADFom) and lignin (ADL) were determined sequentially (Ankom Tech-

nology Corp., Macedon, NY, USA) according to AOAC 973.187 procedure [25] and [26], 

using heat stable amylase (FAA, Ankom Technology Corp., Macedon, NY, USA). Fiber 

concentrations were expressed without residual ash. Both, feeds and feces were defatted 

(petroleum ether) prior to fiber analysis. Acid-insoluble ash was analyzed according to 

the technique described by [27]. Soluble fiber content was calculated as the difference be-

tween TDF and aNDFom corrected by CP content in the residue. Hemicellulose and cel-

lulose concentrations were calculated from the difference between aNDFom and ADFom 

and the difference between ADFom and ADL concentrations, respectively. The GE con-

centration was measured in a bomb calorimeter (Parr 6400, Parr Instruments Co., Moline, 

IL, USA). Total N was measured using Leco equipment (model FP-528, Leco Corporation, 

St. Joseph, MI, USA) and CP estimated as N content × 6.25. In addition, the polyphenolic 

compounds present in OP, diets and feces were determined after extraction with metha-

nol/acetone/water as described by the authors of [28]. 

Urine was freeze-dried to obtain its DM content. Before GE analysis, samples (around 

0.5 g) were mixed with 0.5 g of benzoic acid as an adjuvant to allow its complete combus-

tion. Total Kjeldahl N (TKN) was determined using an automatic analyzer (2300 Kjeltec, 

Foss Analytical, Hilleroed, Denmark) according to [28]. Hippuric and benzoic acids were 

analyzed directly in urine via high performance liquid chromatography on a WATERS 

Alliance system (model 2695) following the procedure described by [29]. 

Additionally, the pH of slurry was measured immediately after reconstitution and 

by duplicate using a glass electrode (Crison Basic 20+, Crison, Barcelona, Spain). Slurry 

samples were analyzed for DM and ash as for the fecal samples, and total ammonia N 

(TAN) and TKN as for the urine. To avoid N volatilization, the subsample used for TAN 

was acidified with HCl 37% immediately after reconstitution. Volatile fatty acids (VFA) 

concentration was also determined by gas chromatography, equipped with a flame ioni-

zation detector (HP 68050 series Hewlett Packard, Palo Alto, CA, USA) and following the 

method described by [30] with the addition of an internal standard (4-metil valeric). 

2.3. Gaseous Emission Measurements 

The reconstituted slurries were used in fresh for pH, VFA and NH3 emission meas-

urements and frozen at −20 °C for determination of slurry composition and biochemical 

methane potential (BMP). The procedure for NH3 and CH4 potential emission measure-

ments was previously described by [20]. Briefly, NH3 emission was monitored for 11 days 

using acid wet traps. A subsample of 0.5 kg of reconstituted slurry per animal was placed 

in a closed container of 1 L-capacity used as dynamic chamber. Containers were then con-

nected to an air pump, and a constant airflow rate of 1.2 L/min was fixed. The exhausted 

air was forced to pass through glass flasks filled with 100 mL of 0.1N H2SO4. The quantity 

of the TAN trapped in the glass flasks was analyzed following 4500 NH3-D procedure 

[31], using a detection electrode (Orion High Performance NH3 Electrode, model 

9512HPBNWP, Thermo Scientific, Waltham, MA, USA). 

Biochemical CH4 potential from slurry was measured in a batch assay as previously 

described by [32]. Briefly, slurries were mixed with an anaerobic inoculum at a ratio of 1:1 

on organic matter (OM) basis, and incubated in 120 mL glass bottles at 35 ± 1 °C for 100 

days. Inoculum was collected from an anaerobic digester of a wastewater treatment plant 

(Sagunto, Spain) and pre-incubated during 15 days at 35 ± 1 °C in order to deplete the resid-

ual biodegradable organic material (degasification). Each slurry was tested by triplicate. 

During incubation, the biogas produced in each bottle was monitored and the CH4 concen-

tration in the biogas were measured using a manometer (Delta Ohm, HD 9220, Padova, It-

aly) and a Focus Gas Chromatograph (Thermo, Milan, Italy) equipped with a split/splitless 

injector and a flame ionization detector, respectively. 
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2.4. Statistical Analysis and Calculations 

The coefficient of apparent total tract digestibility (CATTD) of energy and other nutri-

ents of the two OPs studied was determined by the difference method, assuming additivity 

between the basal diet and the OPs in the experimental diets as described by [33]. Briefly, 

the energy digestibility of the test ingredient (OP, Dti) was determined by correcting the 

substitution rate for the energy contributions of basal ingredients and OP to the total dietary 

energy, using the following equation: 

��� (%) = ��� +
��� − ���

���
 

where Dbd, Dtd, and Pti are the digestibility (%) of the energy in the basal diet and test diet, 

respectively, and Pti is the proportion of the energy contributed by the test ingredient to the 

test diet. 

The digestible energy (DE) content of OPs was then estimated by multiplying CATTD 

of energy and the GE concentration of each OP. Each animal was the experimental unit for 

all the traits analyzed in the present study. Results were analyzed as a randomized complete 

block design using one-way ANOVA (GLM procedure of SAS version 9.4; SAS Inst. Inc. 

Cary, NC, USA), considering the type of diet as the main effect and batch as a block factor. 

Orthogonal contrasts were used to test for the effects of OP inclusion and type of OP. 

3. Results 

The batch and its interaction with type of diet were not statistically significant (p > 0.10) 

for any of the traits studied (data not shown). Therefore, these effects were excluded from 

the model. 

3.1. Orange Pulps Chemical Composition 

The main differences in chemical composition between DOP and ESDOP were due to 

sugars and organic acids levels, fibrous fractions and ash content (Table 1). As a result of the 

silage fermentation, the ESDOP had lower total sugars (a 64% lower) but higher lactic (63.2 

vs 8.3 g/kg DM) and citric (47.0 vs 21.4 g/kg DM) acids than DOP. In addition, CP, aNDFom 

and ADFom concentrations increased (by 20.0–23.0%) in ESDOP with respect to DOP. Re-

garding the ash content, ESDOP had more acid insoluble ash and a 39.7% higher total ash 

content than DOP. Furthermore, low drying temperatures in ESDOP resulted in 64% less 

insoluble CP (NDICP) and a lower degree of lignification of aNDFom (7.65 vs. 11.7%) than 

in DOP. Total polyphenols concentration was similar in both OP. 

3.2. Apparent Digestibility of Diets and Orange Pulps 

The CATTD of the experimental diets are shown in Table 4. Diets including OP showed 

significantly (p < 0.05) lower digestibilities of DM, CP, ether extract, GE and DE by 4.43, 15.6, 

17.3, 5.43 and 8.43%, respectively, compared with the basal diet. At the same time, the 

CATTD of all the fibrous fractions analyzed increased with OP inclusion in the basal diet, 

with the lowest increase for hemicelluloses (by 3.90%; p = 0.09) and the greatest for cellulose 

(by 28.4%; p < 0.001). Otherwise, the CATTD of DM, ash, GE and DE was lower (by 4.93, 

4.20, 6.01 and 3.36%; p < 0.05) or tended to be lower (p = 0.068) for CP and soluble fiber in the 

ESDOP compared with the DOP diet. The CATTD of other fibrous components was similar 

between the two OP diets. The proportion of energy in urine with respect to DE content was 

greater in the OP diets compared with the basal diet (0.049 vs. 0.022, p < 0.001). 
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Table 4. Coefficients of apparent total tract digestibility of nutrients and energy balance of the experimental diets. 

  Orange Pulp 1  Significance 2 

Item Basal Dehydrated Silage Sun-Dried SEM 3 1 2 

Dry matter 0.892 0.864 0.832 0.0073 <0.001 0.006 

Ash 0.639 0.586 0.509 0.019 <0.001 0.001 

Crude protein 0.859 0.738 0.694 0.016 <0.001 0.070 

Ether extract 0.450 0.308 0.394 0.031 0.016 0.065 

Soluble fiber 0.807 0.902 0.856 0.017 0.002 0.068 

aNDFom 4 0.697 0.749 0.752 0.016 0.013 0.875 

ADFom 5 0.656 0.775 0.767 0.031 0.006 0.869 

Hemicelluloses 6 0.705 0.722 0.743 0.011 0.092 0.427 

Cellulose 7 0.636 0.817 0.816 0.038 <0.001 0.988 

Gross energy 0.882 0.843 0.815 0.008 <0.001 0.026 

Energy balance, MJ/kg DM       

Digestible energy 16.0 14.9 14.4 0.145 <0.001 0.021 

UE/DE 8 0.022 0.052 0.046 0.0026 <0.001 0.147 
1 Substitution of 500 g/kg of basal diet with either dehydrated or silage dried orange pulp. 2 Contrasts: 1 = inclusion of OP, 

2 = type of OP. 3 Standard error of means (n = 8). 4 Neutral Detergent Fiber with heat stable amylase and expressed exclusive 

of residual ash. 5 Acid Detergent Fiber expressed exclusive of residual ash. 6 Calculated as the difference between aNDFom 

and ADFom. 7 Calculated as the difference between ADFom and ADL. 8 Proportion of urinary energy (UE) on digestible 

energy (DE). 

The CATTD calculated by the difference method for the two OP tested are shown in 

Table 5. The CATTD of GE tended to be greater for DOP (by 7.48%; p = 0.058) than for 

ESDOP. From these coefficients and the GE of the OP tested (Table 1), the DE values de-

rived were 14.2 and 13.2 MJ/kg DM for DOP and ESDOP, respectively. Additionally, 

greater (p < 0.05) CATTD values of DM and ash (by 8.43 and 41.3%) were obtained for 

DOP compared with ESDOP, but no differences between the two sources of OP were ob-

served for CP and fibrous component CATTD with the exception of soluble fiber that 

tended (p = 0.075) to be more digestible in DOP with respect to with ESDOP. 

Table 5. Coefficients of apparent total tract digestibility and digestible energy of dried orange pulps. 

 Orange Pulp 1   

Item Dehydrated Silage Sun-Dried SEM 2 Significance 

Dry matter 0.836 0.771 0.017 0.019 

Ash 0.534 0.378 0.043 0.025 

Crude protein 0.617 0.530 0.039 0.133 

Soluble fiber 0.997 0.904 0.034 0.075 

ANDFom 3 0.800 0.807 0.015 0.733 

ADFom 4 0.892 0.878 0.028 0.719 

Hemicelluloses 5 0.739 0.764 0.020 0.383 

Cellulose 6 0.997 0.996 0.033 0.973 

Gross energy 0.804 0.748 0.019 0.058 

Digestible energy, MJ/kg DM 14.2 13.2 0.338 0.058 
1 Substitution of 500 g/kg of basal diet with either dehydrated or silage sun-dried orange pulp. 2 

Standard error of means (n = 8). 3 Neutral Detergent Fiber with heat stable amylase and expressed 

exclusive of residual ash. 4 Acid Detergent Fiber expressed exclusive of residual ash. 5 Calculated 

as the difference between aNDFom and ADFom. 6 Calculated as the difference between ADFom 

and ADL. 

3.3. Daily Nutrient Intake and Composition of Effluents 

Dry matter and GE intake of pigs fed the basal diet was higher (by 27.7 and 32.6%, 

respectively; p < 0.001) than that of pigs fed the OP diets (Table 6). The N intake was 78.8% 

greater for animals fed the basal diet, reflecting the higher level of CP in this diet com-

pared with the OP diets (214 vs 153 g/kg DM, respectively). 
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Table 6. Effect of experimental diets on daily nutrient intake and composition of effluents (g/day). 

  Orange Pulp 1  Significance 2 

Item Basal Dehydrated Silage Sun-Dried SEM 3 1 2 

Dietary intake       

Dry matter 1922 1488 1522 73.4 <0.001 0.752 

Nitrogen 65.8 35.5 38.1 2.01 <0.001 0.371 

Gross energy, MJ 34.9 26.3 26.9 1.31 <0.001 0.768 

Fecal excretion       

Dry matter 209 202 259 18.9 0.359 0.049 

Organic matter 172 168 210 15.9 0.382 0.080 

Nitrogen 9.34 9.29 11.8 1.01 0.329 0.093 

Ether extract 30.1 25.8 27.1 1.80 0.107 0.638 

aNDFom 4 69.3 58.2 69.3 4.34 0.305 0.089 

ADFom 5 25.9 25.6 36.0 2.83 0.134 0.031 

ADL 6 5.42 9.48 11.4 0.642 <0.001 0.052 

Total polyphenols 0.316 0.488 0.458 0.050 0.019 0.688 

Gross energy, MJ 4.13 4.12 5.03 0.371 0.332 0.103 

Urine excretion       

Dry matter 84.5 97.3 85.6 6.06 0.353 0.190 

Organic matter 56.8 68.7 61.4 4.16 0.120 0.235 

Total Kjeldahl N 15.3 9.94 7.90 0.850 <0.001 0.110 

Benzoic acid, mL 575 1585 1677 140 <.0001 0.653 

Hippuric acid, mL 713 3076 3115 350 0.002 0.939 

Gross energy, MJ 0.69 1.15 1.01 0.077 <0.001 0.222 
1 Substitution of 500 g/kg of basal diet with either dehydrated or silage sun-dried orange pulp. 2 Contrasts: 1 = inclusion 

of OP, 2 = type of OP. 3 Standard error of means (n = 8). 4 Neutral Detergent Fiber with heat stable amylase and expressed 

exclusive of residual ash. 5 Acid Detergent Fiber expressed exclusive of residual ash. 6 Acid Detergent Lignin. 

Daily fecal and urine excretion of DM and OM was similar between the basal and OP 

diets. No differences were either observed for excretion of ether extract, aNDFom and 

ADFom, with the exception of ADL that was lower (by a 47.9%; p < 0.001) in the basal diet. 

The amount of N excreted in feces did not differ among diets, but pigs fed the basal diet 

showed a greater excretion of NTK in urine (by 71.5%; p < 0.001) compared with pigs fed 

the diets containing OP. On the opposite, concentrations of benzoic and hippuric acids 

and GE excreted in urine were greater (by 183, 334 and 56.5%, respectively; p < 0.002) in 

pigs fed diets containing OP compared with those fed the basal diet. 

When comparing DOP with ESDOP diets, nutrient intake was similar between pigs 

fed the two OP diets, but DM and ADFom fecal excretion were greater (by 28.2, p = 0.049 

and 40.6%, p = 0.031), and tended (p < 0.10) to be higher for the rest of nutrients except 

ether extract, for pigs fed the ESDOP than the DOP diet. There were no differences (p > 

0.10) in GE, NTK and analyzed components of urine excretion between the two diets con-

taining OP. 

3.4. Slurry Excretion and Gaseous Emissions 

The results from the artificial slurry characterization and potential gaseous emissions 

are presented in Table 7. Dietary treatments did not influence neither slurry excretion 

(kg/day) nor its DM and OM concentrations. The N fractions and pH values from slurry 

were affected by the inclusion of OP, but no differences were observed between OP diets. 

The slurry from animals fed with OP diets was characterized by a lower TAN and TKN 

content (4.23 g/L and 9.74 g/kg on average, respectively) than the basal diet (7.88 g/L and 

13.4 g/kg respectively, p < 0.002), which means a reduction of TAN and TKN content by 

46.2% and 27.2%, respectively. A parallel effect (p < 0.001) was observed for slurry pH, 
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with the lowest values observed for diets supplemented with OP (7.62 as average) com-

pared with the basal diet (8.69). With respect to total VFA concentrations in slurry, no 

differences were found with the inclusion of OP, but propionic and butyric acid concen-

trations were higher (p < 0.05) in slurries from ESDOP than from DOP diets, with a similar 

trend being detected for total VFA (p = 0.055). 

Table 7. Effect of experimental diets on reconstituted slurry excretion, composition and derived potential ammonia (NH3) 

and methane (CH4) emission. 

  Orange Pulp Diets 1  Significance 2 

 Basal Dehydrated Silage Sun-Dried SEM 3 1 2 

Slurry excretion (kg/day) 2.11 2.15 2.20 0.15 0.720 0.810 

Slurry composition       

Dry matter (g/kg) 135 137 162 12.6 0.370 0.190 

Organic matter (g/kg) 103 108 128 10.8 0.280 0.220 

Total ammonia nitrogen (g/L) 7.88 4.07 4.40 0.85 0.002 0.790 

TKN (g/L) 4 13.4 10.1 9.40 0.61 <0.001 0.450 

pH 8.69 7.79 7.45 0.15 <0.001 0.130 

Total volatile fatty acids (mmol/L) 79.2 70.0 107 12.7 0.520 0.055 

Acetic acid (mmol/L) 58.2 57.8 72.2 7.07 0.390 0.150 

Propionic acid (mmol/L) 8.97 5.47 10.7 1.13 0.470 0.004 

Butyric acid (mmol/L) 5.63 3.26 6.29 1.03 0.440 0.045 

Gas emissions       

g NH3/kg slurry 2.82 1.13 1.03 0.17 <0.001 0.210 

g N-NH3/kg initial TKN 212 135 112 14.5 <0.001 0.270 

mg NH3/animal and day 543 261 201 42.8 <0.001 0.330 

mL CH4/g organic matter 396 344 276 26.0 0.010 0.070 

L CH4/animal and day 82.0 71.4 73.9 6.04 0.200 0.770 
1 Substitution of 500 g/kg of basal diet with either dehydrated or silage sun-dried orange pulp. 2 Contrasts: 1 = inclusion 

of OP, 2 = type of OP. 3 Standard error of means (n = 8). 4 Total Kjeldahl Nitrogen (TKN). 

Concerning gaseous emissions from the reconstituted slurries, the potential NH3 

emission from the slurry of animals fed the diets containing OP (expressed in g NH3/kg 

of slurry) was as average a 58.2% lower (p < 0.001) than that from the basal diet. When 

expressing potential NH3 emissions in terms of initial TKN of slurry, the decrease in NH3 

emission with the OP supplementation was 41.7% (p < 0.001) with respect to basal diet. 

No differences were found between both OP studied in these traits. 

The BMP was also negatively affected (p = 0.01) by the inclusion of OP, with a trend 

(p = 0.07) for a lower BMP from the slurry excreted by animals fed the ESDOP compared 

to the animals fed with DOP. When expressing the BMP in terms of L of CH4 per animal 

daily, no differences were found neither between treatments. 

4. Discussion 

4.1. Nutritional Value of Dried Orange Pulp Sources 

Citrus pulp is characterized by high levels of sugars and soluble fiber and can become 

a relevant energy source for pig diets. Dehydrated OP analyzed in this study contains a 

higher level of sugars (355 g/kg DM) than the values assigned to this nutrient in dried 

citrus pulp by several databases (from 195 to 312 g/kg DM; [11,12,14,34]) and the review 

(210 g/kg DM) published by Bampidis and Robinson [4]. This might be related to the usual 

addition of citrus molasses to the citrus pulp in most of the Spanish processor plants. 

However, the soluble fiber content of DOP and ESDOP in the present study were lower 

than the average value (329 g/kg DM) reported by [4], which confirms the inverse rela-

tionship between both components (sugars and soluble fiber) in citrus pulp reported by 

de Blas et al. [6]. Besides both OPs are rich in soluble fiber (near to 30% in the current 
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study), which has been related to a potential prebiotic effect in pigs trough the modulation 

of gut microbiome and the gut associated immune system [35]. 

Fermentation and drainage losses occurring during ensiling lead to loss of soluble 

organic components (sugars, organic acids and soluble fiber) that explains the increase of 

the ash and insoluble fibrous content in ESDOP compared to DOP. Nevertheless, the 

sugar (101 g/kg DM) and lactic acid (63.2 g/kg DM) content of ESDOP was appreciable, 

indicating that, as described by [36,37], the rapid decrease of pH during OP ensiling might 

also rapidly stop fermentation and maintain nutrient levels in OP high and constant there-

after. In relation to the drying procedure, high temperatures used in rotatory dryers for 

DOP (135–155 °C; [6]) may explain the greater content of ADL and NDICP compared to 

solar heat drying in ESDOP [2]. 

The estimated DE value for DOP (14.2 MJ/kg DM) is similar to that assigned (13.9 

MJ/kg DM) in Brazilian tables [13] for citrus pulp with similar drying procedures and 

composition. However, it was higher than the reported by Watanabe et al. [15] for barrows 

(11.7 MJ /kg DM) or those assigned by FEDNA [12] and INRA [14] tables: 13.4 and 13.2 

MJ/kg DM, respectively, associated to DOP containing more ash and NDF and less sugars 

than the DOP used in the current study. On the other hand, the estimated DE content of 

OP in the present study is lower than the reported by Ruiz et al. [17] (15.6 DE/kg DM) for 

an OP of undisclosed composition, and with a GE content higher than that measured in 

the current study (18.7 vs. 17.4 g/kg DM). In all, the differences in DE estimates for DOP 

might be attributable to differences in chemical composition, since it varies according to 

the type of citrus fruits and the manufacturing process used. 

In the present study, DE was higher for DOP compared to ESDOP. To our 

knowledge, there is no previous research work to compare DE values obtained in the cur-

rent study for ESDOP. The ensiling process implies the fermentation of some sugars and 

its conversion into volatile organic acids that could be lost during the sun drying, whereas 

concentration of the other nutrients (mainly insoluble fibrous components) increased. The 

greater fiber (aNDFom and ADFom) contents of ESDOP than in DOP relates to its lower 

digestibility and DE content. Moreover, CATTD of soluble fiber estimated for DOP tends 

to be greater than for ESDOP, which in addition to its higher OM content also contribute 

to explain the higher DE content found for DOP than for ESDOP. In general terms, both 

dried OP are appreciable sources of energy for pigs that might substitute part of the cere-

als (such as barley, with 15.1 MJ DE/kg DM; [12]) in pig diets. 

4.2. Gaseous Emissions from Slurry 

Dry matter balance showed a lower DM intake when including OP. This effect was 

also reported by other studies including levels around 10–15% of OP in commercial diets 

[16,18], suggesting negative effects on palatability or positive effects on satiety, due to its 

high content on soluble fiber. 

Total N intake and excretion are main factors determining NH3 emission from slurry 

[38]. In the current study N intake in the OP diets was 45% lower than in the basal diet, 

which greatly contributed to explain the parallel reduction of total N concentration (TAN 

and TKN; by 46 and 28%, respectively) in the slurry. This effect resulted in lower potential 

NH3 emissions per kg of slurry (by 58%) in OP diets, which means a decrease of 8.8% per 

each unit of reduction of CP in feed. Otherwise, when potential NH3 emission is referred 

to initial TKN in the slurry, a 42% reduction in NH3 emissions is still observed in the pre-

sent study in animals fed OP diets. This suggests that not only total TKN excretion but 

also other factors such as the N partition between feces and urine and the slurry pH are 

involved in this reduction of NH3 emission. In this way, previous work stated that TDF 

(especially soluble fiber) can modify the partitioning of N from urine to feces, increasing 

the N excreted in feces mainly of bacterial origin, and lowering the N excreted in urine in 

the form of urea [20,39,40]. Consequently, the slurry excreted by animals fed TDF rich 

diets contains less volatile N content, which is associated to lower NH3 emission. 
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In the case of our study, differences in NDF intake also explain the decrease of the 

ratio of urine to fecal N excretion between OP diets (1.09 and 0.755 for ESDOP and DOP, 

respectively; p = 0.059) and the decrease observed with OP inclusion (1.67 vs 0.923 in the 

basal and the average of the OP diets, respectively; p < 0.001). Similar modifications in the 

N partitioning have been reported by previous studies in pigs [19,20,41,42] addressed to 

evaluate the nutritional value of fibrous by-products or the effect of different type of fiber 

sources in diets. Furthermore, the largest part of the TDF is fermented by microorganisms 

in the hindgut with a subsequent production of VFA [43], which decreases the pH of 

slurry in the OP diets, another mechanism involved in the reduction of NH3 emission from 

slurry. 

Urine composition was also affected in terms of benzoic and hippuric acid concen-

tration by the inclusion of OP. Hippuric and benzoic acid present in urine are metabolites 

of undigested polyphenols of dietary origin (from OP in this case) that reach the colon, 

are metabolized by the microbiota and absorbed through the colonic barrier [44]. Similar 

increases of these urine components were reported in previous studies in response to OP 

[29] and olive cake supplementation [42]. The increments in benzoic and hippuric acid 

excretion in urine contribute to explain the lower pH in slurry related to the inclusion of 

OP in this study. Compared to the basal diet, a mean decline of 1.07 units in the pH values 

of slurry from pigs fed diets containing OP was observed. 

Total slurry excretion did not differ among diets in our study. Although the decrease 

of N intake (by 21.7%) in OP diets was counteracted by a lower N digestion efficiency, 

potential NH3 emission expressed on daily basis also decreased in this study with OP in-

clusion (by 57%). In this regard, previous work including moderate levels of OP in pig 

diets did not show differences in the amount of slurry excreted [19,20]. Instead, the use of 

high levels of highly lignified fibrous by-products in pig diets as carob meal [20] or olive 

cake [42], led to an increase of the quantity of slurry excreted compared to basal diet, 

counteracting the positive effect on NH3 emission per kg of slurry. 

The BMP from slurry expressed as mL CH4/g OM decreased with OP diets, especially 

in the case of ESDOP. Differences in BMP potentials might be explained by the amount 

and composition of OM excreted expressed in g/day. In this way, fecal ADL content in-

creased by 74.9 and 110% with DOP and ESDOP compared with feces of pigs fed the basal 

diet, whereas fecal concentration of ADF increased by 41% with ESDOP compared to DOP 

diet. Previous studies [20,32,45,46] have shown that ADL concentration in OM is nega-

tively correlated with BMP, and lignified fibrous components have a low biochemical CH4 

potential [47]. 

5. Conclusions 

We can conclude that the OP generated as a by-product from the juice industry can 

be included in pig diets as a relevant energy source that can potentially replace a part of 

cereals enhancing the sustainability of pig production. After fermentation in the silage, 

ESDOP contains lower sugar and greater fiber concentration than DOP, which leads to a 

slightly lower DE content. However, no major differences due to drying procedures on 

the nutritive value of OP were evident and heat-solar drying might be of interest in future 

works. Furthermore, the inclusion of OP in diets is able to reduce the potential NH3 emis-

sions per unit of NTK excreted, probably due to the effect of the TDF on N partitioning 

between feces and urine and the lower pH; in addition, it has the benefit to decrease po-

tential CH4 emission expressed per unit of OM excreted. Future works focused on deter-

mining the maximum inclusion level of these ingredients in commercial conditions 

through the evaluation of growth performance, carcass composition, meat quality and 

health and environmental aspects are required to optimize its use in pig production. 

  



Animals 2021, 11, 387 12 of 14 
 

Author Contributions: Conceptualization, A.C., S.C. and C.d.B.; investigation, P.F., A.C., O.P., P.G.-

R., C.A.R. and S.C.; data curation, P.F., A.C., S.C. and P.G.-R.; writing—original draft preparation, 

P.F., A.C. and S.C.; writing—review and editing, P.G.-R., A.C. and C.d.B.; funding acquisition, 

C.d.B., S.C. and A.C. All authors have read and agreed to the published version of the manuscript. 

Funding: This work was supported by the Spanish Ministry of Science, Innovation and Universities 

(AGL2014-56653 and RTI2018-095246). 

Institutional Review Board Statement: The study was conducted according to the Spanish guide-

lines for experimental animal protection (Royal Decree 53/2013, of 1 February, on the protection of 

animals used for experimentation or other scientific purposes), and approved by the Ethics Com-

mittee of Universitat Politècnica de València (protocol code 2016/VSC/PEA/00024 and date of ap-

proval 22nd September 2017). 

Acknowledgments: The authors gratefully acknowledge E. Blas Ferrer at Universitat Politècnica de 

València by his technical assistance in feed manufacturing. 

Conflicts of Interest: The authors confirm that there are no known conflicts of interest associated 

with this publication and that there is no significant financial support for this work that could have 

influenced its outcome. 

References 

1. Food and Agriculture Organization of the United Nations. Citrus Fruit—Fresh and Processed Statistical Bulletin 2016; FAO: Rome, 

Italy, 2017. Available online: http://www.fao.org/3/a-i8092e.pdf (accessed on 10 November 2020). 

2. Martínez-Pascual, J.L.; Fernández-Carmona, J. Composition of citrus pulp. Anim. Feed Sci. Technol. 1980, 5, 1–10, 

doi:10.1016/0377-8401(80)90005-X. 

3. Ministerio de Agricultura, Pesca y Alimentación de España (MAPA). Available online: 

https://www.mapa.gob.es/estadistica/pags/anuario/2019-Avance/avance/AvAE19.pdf (accessed on 10 November 2020). 

4. Bampidis, V.A.; Robinson, P.H. Citrus by-products as ruminant feeds: A review. Anim. Feed Sci. Technol. 2006, 128, 175–217, 

doi:10.1016/j.anifeedsci.2005.12.002. 

5. Beccali, M.; Cellura, M.; Uidicello, M.; Mistretta, A. Resource Consumption and Environmental impacts of the agrofood sector: 

Life Cycle Assessment of Italian citrus-based products. Environ. Manag. 2009, 43, 707–724, doi:10.1007/s00267-008-9251-y. 

6. De Blas, J.C.; Ferrer, P.; Rodríguez, C.A.; Cerisuelo, A.; García-Rebollar, P.; Calvet, S.; Farias, C. Nutritive value of citrus co-

products in rabbit feeding. World Rabbit Sci. 2018, 26, 7–14, doi:10.4995/wrs.2018.7699. 

7. Feedipedia, a Programme by INRA, CIRAD, AFZ and FAO. Citrus Pulp, Dried. Available online: 

http://www.feedipedia.org/node/680 (accessed on 10 Novembre 2020). 

8. Zema, D.A.; Calabrò, P.S.; Folino, A.; Tamburino, V.; Zappia, G.; Zimbone, S.M. Valorisation of citrus processing waste: A 

review. Waste Manag. 2018, 80, 252–273, doi:10.1016/j.wasman.2018.09.024. 

9. Moset, V.; Piquer, O.; Cervera, C.; Fernández, C.J.; Hernández, P.; Cerisuelo, A. Ensiled citrus pulp as a by-product feedstuff 

for finishing pigs: Nutritional value and effects on intestinal microflora and carcass quality. Spanish J. Agric. Res. 2015, 13, e0607, 

doi:10.5424/sjar/2015133-6717. 

10. Calabrò, P.S.; Panzera, M.F. Biomethane production tests on ensiled orange peel waste. Int. J. Heat Technol. 2017, 35, 130–136, 

doi:10.18280/ijht.35Sp0118. 

11. National Research Council (USA). Nutrient Requirements of Swine, 11th ed.; Committee on Nutrient Requirement of Swine, Board 

on Agriculture and Natural Resources, Division on Earth and Life Studies; National Academy Press: Washington, DC, USA, 

2012; p. 400, ISBN 978-0-309-22423-9. 

12. de Blas, C.; García-Rebollar, P.; Gorrachategui, M.; Mateos, G.G. Tablas FEDNA de Composición y Valor Nutritivo de Alimentos para 

la Fabricación de Piensos Compuestos, 4th ed.; Fundación Española para el Desarrollo de la Nutrición Animal: Madrid, Spain, 2019; 

p. 603, ISBN 978-84-09-15688-7. 

13. Brazilian Tables for Poultry and Swine. Feedstuff Composition and Nutrtional Requirements, 4th ed.; Rostagno, H., Ed.; Univ. Federal 

Viçosa: Viçosa, Brazil, 2017; p. 482, ISBN 978-85-8179-121-0. 

14. INRA-CIRAD-AFZ Feed Tables. Available online: https://www.feedtables.com/ (accessed on 10 Novembre 2020). 

15. Watanabe, P.H.; Thomaz, M.C.; dos Santos-Ruiz, U.; dos Santos, V.M.; Fraga, A.L.; Fonseca-Pascoal, L.A.; Zaneti-da Silva, S.; 

González-de Faria, H. Effect of inclusion of citrus pulp in the diet of finishing swines. Brazilian Arch. Biol. Technol. 2010, 53, 709–

718, doi:10.1590/S1516-89132010000300028. 

16. O’Sullivan, T.C.; Lynch, P.B.; Morrissey, P.A.; O’Grady, J.F. Evaluation of Citrus Pulp in Diets for Sows and Growing Pigs. Irish 

J. Agric. Food Res. 2003, 42, 243–253. 

17. Ruiz, U.S.; Tomaz, M.C.; Pascoal, L.A.F.; Watanabe, P.H.; Amorim, A.B.; Melo, G.M.P.; Daniel, E. Nutrient digestibility of 

degermed, dehulled corn, citrus pulp, and soy protein concentrate by barrows. J. Anim. Sci. 2012, 90, 170–172, 

doi:10.2527/jas.53863. 



Animals 2021, 11, 387 13 of 14 
 

18. Cerisuelo, A.; Castelló, L.; Moset, V.; Martínez, M.; Hernández, P.; Piquer, O.; Gómez, E.; Gasa, J.; Lainez, M. The inclusion of 

ensiled citrus pulp in diets for growing pigs: Effects on voluntary intake, growth performance, gut microbiology and meat 

quality. Livest. Sci. 2010, 134, 180–182, doi:10.1016/j.livsci.2010.06.135. 

19. Antezana, W.; Calvet, S.; Beccaccia, A.; Ferrer, P.; De Blas, C.; García-Rebollar, P.; Cerisuelo, A. Effects of nutrition on digestion 

efficiency and gaseous emissions from slurry in growing pigs: III. Influence of varying the dietary level of calcium soap of palm 

fatty acids distillate with or without orange pulp supplementation. Anim. Feed Sci. Technol. 2015, 209, 128–136, 

doi:10.1016/j.anifeedsci.2015.07.022. 

20. Beccaccia, A.; Calvet, S.; Cerisuelo, A.; Ferrer, P.; García-Rebollar, P.; De Blas, C. Effects of nutrition on digestion efficiency and 

gaseous emissions from slurry in growing-finishing pigs. I. Influence of the inclusion of two levels of orange pulp and carob 

meal in isofibrous diets. Anim. Feed Sci. Technol. 2015, 208, 158–169, doi:10.1016/j.anifeedsci.2015.07.008. 

21. de Blas, C.; Gasa, J.; Mateos, G.G. Necesidades Nutricionales para Ganado Porcino: Normas FEDNA, 2nd ed.; Fundación Española 

para el Desarrollo de la Nutrición Animal: Madrid, Spain, 2013; p. 109, ISBN 978-84-616-6813-7. 

22. Association of Official Analytical Chemists. Official Methods of Analysis, 17th ed.; Hortwiz, W., Ed.; Association of Official 

Analytical Chemists: Gaithersburg, MD, USA, 2000; p. 2200, ISBN 0-93558-67-6. 

23. Licitra, G.; Hernández, T.M.; Van Soest, P.J. Standardization of procedures for nitrogen fractionation of ruminant feed. Anim. 

Feed Sci. Technol. 1996, 57, 347–358, doi:10.1016/0377-8401(95)00837-3. 

24. Lees, R. Food Analysis: Analytical and Quality Control Methods for the Manufacturer and Buyer; Leonard Hill Books, London, UK: 

1975; pp. 145–146. 

25. Mertens, D.R. Gravimetric determination of amylase-treated neutral detergent fibre in feeds with refluxing beakers or crucibles: 

Collaborative study. J. AOAC Int. 2002, 85, 1217–1240. 

26. Van Soest, P.J.; Robertson, J.B.; Lewis, B.A. Methods for dietary fiber, neutral detergent fiber and nonstarch polysaccharides in 

relation to animal nutrition. J. Dairy Sci. 1991, 74, 3583–3597, doi:10.3168/jds.S0022-0302(91)78551-2. 

27. Van Keulen, J.; Young, B.A. Evaluation of acid-insoluble ash as a natural marker in ruminant digestibility studies. J. Anim. Sci. 

1977, 44, 282–287, doi:10.2527/jas1977.442282x. 

28. Chamorro, S.; Viveros, A.; Alvarez, I.; Vega, I.; Brenes, A. Changes in polyphenol and polysaccharide content of grape seed 

extract and grape pomace after enzymatic treatment. Food Chem. 2012, 133, 308–314, doi:10.1016/j.foodchem.2012.01.031. 

29. Sánchez-Martín, L.; Beccaccia, A.; De Blas, C.; Sanz-Cobena, A.; García-Rebollar, P.; Estellés, F.; Marsden, K.A.; Chadwick, D.R.; 

Vallejo, A. Diet management to effectively abate N2O emissions from surface applied pig slurry. Agric. Ecosyst. Environ. 2017, 

239, 1–11, doi:10.1016/j.agee.2016.12.007. 

30. Jouany, J.P. Volatile fatty acid and alcohol determination in digestive contents silage juices, bacterial cultures and anaerobic 

fermentor contents. Sci. Aliment. 1982, 2, 131–144. 

31. APHA; AWWA; WEF. Standard Methods for Examination of Water and Wastewater, 22nd ed.; American Public Health Association: 

Washington, DC, USA, 2012; p. 1360, ISBN 978-087553-013-0. 

32. Angelidaki, I.; Alves, M.; Bolzonella, D.; Borzacconi, L.; Campos, J.L.; Guwy, A.J.; Kalyuzhnyi, S.; Jenicek, P.; Van Lier, J.B. 

Defining the biomethane potential (BMP) of solid organic wastes and energy crops: A proposed protocol for batch assays. Water 

Sci. Technol. 2009, 59, 927−934, doi:10.2166/wst.2009.040. 

33. Bolarinwa, O.A.; Adeola, O. Direct and regression methods do not give different estimates of digestible and metabolizable 

energy of wheat for pigs. J. Anim. Sci. 2012, 90 (Suppl. 4), 390–392, doi:10.2527/jas.53746. 

34. CVB Feed Table 2019. Chemical Composition and Nutritional Values of Feedstuffs. Available online: 

http://www.cvbdiervoeding.nl (accessed on 10 November 2020). 

35. Lindberg, J.E. Fiber effects in nutrition and gut health in pigs. J. Anim. Sci. Biotechnol. 2014, 5, 15–22, doi:10.1186/2049-1891-5-15. 

36. Megías, M.D.; Martínez-Teruel, A.; Gallego, J.A.; Núñez, J.M. Chemical changes during the ensiling of orange peel. Anim. Feed 

Sci. Technol. 1993, 43, 269–274, doi:10.1016/0377-8401(93)90082-U. 

37. Grizotto, R.K.; Siqueira, G.R.; Campos, A.F.; Modesto, R.T. and Resende, F.D. Fermentative parameters and aerobic stability of 

orange peel silage with pelleted citrus pulp. Rev. Bras. Zootec. 2020, 49, e20190265, doi:10.37496/rbz4920190265. 

38. Portejoie, S.; Dourmad, J.Y.; Martinez, J.; Lebreton, Y. Effect of lowering dietary crude protein on nitrogen excretion, manure 

composition and ammonia emission from fattening pigs. Liv. Prod. Sci. 2004, 9, 45–55, doi:10.1016/j.livprodsci.2004.06.013. 

39. Canh, T.T.; Verstegen, M.W.A.; Aarnink, A.J.A.; Schrama, J.W. Influence of dietary factors on nitrogen partitioning and 

composition of urine and feces of fattening pigs. J. Anim. Sci. 1997, 75, 700–706, doi:10.2527/1997.753700x. 

40. Patráš, P.; Nitrayová, S.; Brestenský, M.; Heger, J. Effect of dietary fiber and crude protein content in feed on nitrogen retention 

in pigs. J. Anim. Sci. 2012, 90 (Suppl. 4), 158–160, doi:10.2527/jas.53837. 

41. Hansen, M.J.; Chwalibog, A.; Tauson, A.H. Influence of different fibre sources in diets for growing pigs on chemical composition 

of faeces and slurry and ammonia emission from slurry. Anim. Feed Sci. Technol. 2007, 134, 326–336, 

doi:10.1016/j.anifeedsci.2006.08.021. 

42. Ferrer, P.; García-Rebollar, P.; Cerisuelo, A.; Ibáñez, M.A.; Rodríguez, C.A.; Calvet, S.; De Blas, C. Nutritional value of crude 

and partially defatted olive cake in finishing pigs and effects on nitrogen balance and gaseous emissions. Anim. Feed Sci. Technol. 

2018, 236, 131–140, doi:10.1016/j.anifeedsci.2017.12.014. 



Animals 2021, 11, 387 14 of 14 
 

43. Noblet, J.; Le Goff, G. Effect of dietary fibre on the energy value of feeds for pigs. Anim. Feed Sci. Technol. 2001, 90, 35–52, 

doi:10.1016/S0377-8401(01)00195-X. 

44. Gonthier, M.P.; Cheynier, V.; Donovan, J.L.; Manach, C.; Morand, C.; Mila, I.; Lapierre, C.; Rémésy, C.; Scalbert, A. Microbial 

aromatic acid metabolites formed in the gut account for a major fraction of the polyphenols excreted in urine of rats fed red 

wine polyphenols. J. Nutr. 2003, 133, 461–467, doi:10.1093/jn/133.2.461. 

45. Triolo, J.M.; Sommer, S.G.; Møller, H.B.; Weisbjerg, M.R.; Jiang, X.Y. A new algorithm to characterize biodegradability of 

biomass during anaerobic digestion: Influence of lignin concentration on methane production potential. Bioresour. Technol. 2011, 

102, 9395–9402, doi:10.1016/j.biortech.2011.07.026. 

46. Beccaccia, A.; Ferrer, P.; Ibáñez, M.A.; Estellés, F.; Rodríguez, C.; Moset, V.; de Blas, C.; Calvet, S.; García-Rebollar, P. 

Relationships among slurry characteristics and gaseous emissions at different types of commercial Spanish pig farms. Spanish 

J. Agric. Res. 2015, 13, 1–15, doi:10.5424/sjar/2015131-6575. 

47. Angelidaki, I.; Sanders, W. Assessment of the anaerobic biodegradability of macropollutants. Rev. Environ. Sci. Biotechnol. 2004, 

3, 117–129, doi:10.1007/s11157-004-2502-3. 


