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The increasing demand for animal protein has driven significant changes in cattle breeding systems,
mainly in feedlots, with the use of young bulls fed on diets richer in concentrate (C) than in forage (F).
These changes are likely to affect animal manure, demanding re-evaluation of the biogas production
per kg of TS and VS added, as well as of its agronomic value as a biofertilizer, after anaerobic digestion.
Here, we determined the biogas production and agronomic value (i.e., the macronutrient concentration in
the final biofertilizer) of the manure of young bulls fed on diets with more (80% C + 20% F; ‘HighC’ diet) or
less (65% C + 35% F; ‘LowC’ diet) concentrate, evaluating the effects of temperature (25, 35, and 40 �C) and
the use of an inoculum, during anaerobic digestion. A total of 24 benchtop reactors were used, operating
in a semi-continuous system, with a 40-day hydraulic retention time (HRT). The manure from animals
given the HighC diet had the greatest potential for biogas production, when digested with the use of
an inoculum and at 35 or 40 �C (0.6326 and 0.6207 m3 biogas/kg volatile solids, or VS, respectively).
We observed the highest levels of the macronutrients N, P, and K in the biofertilizer from the manure
of animals given HighC. Our results show that the manure of young bulls achieves its highest potential
for biogas production and agronomic value when animals are fed diets richer in concentrate, and that bio-
gas production increases if digestion is performed at higher temperatures, and with the use of an
inoculum.

� 2015 Elsevier Ltd. All rights reserved.
1. Introduction

The anaerobic digestion of cattle manure (generated by animal
farming) produces clean energy in the form of biogas, and also con-
verts manure into biofertilizers that can be used for plant nutrition
(Cestonaro et al., 2015). Biogas production from cattle manure is
highly influenced by manure chemical composition (Orrico et al.,
2010). Feeding cattle diets containing high levels of concentrate
increases the biogas production from manure, due to the genera-
tion of higher levels of soluble organic-C during anaerobic diges-
tion (Orrico et al., 2010, 2012; Costa et al., 2013). Animal
nutrition also affects the composition of manure-derived biofertil-
izers, altering directly the levels of the macronutrients N, P, and K
(Orrico et al., 2012).

Despite the overwhelming effect of manure chemical composi-
tion on biogas production, the latter can also be modulated by
temperature (Cavinato et al., 2013; Gou et al., 2014; Kinnunen
et al., 2014), and by the use of an inoculum (Saidu et al., 2013;
Hidalgo and Martín-Marroquín, 2014; Gu et al., 2014), especially
in reactors operated in semi-continuous systems.

The increasing demand for animal protein has led to worldwide
changes in meat production systems, particularly in intensive
farming and industrial settings. Brazilian meat cattle breeding sys-
tems have undergone structural and conjunctural adjustments,
with increased use of modern agricultural technologies and meat
exporting, as well as alterations in herd geographical distribution
(Oaigen et al., 2013). These changes enabled a significant expan-
sion of herds toward the Midwest and North, as a response to
the competition for agricultural areas in the Southeast and South
of Brazil.

Competition for livestock area and the search to improve meat
quality have not only intensified feedlot production, but also
reduced slaughter age. This is a central aspect of the Brazilian
model for raising young bulls, which is characterized by
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Table 1
Bromatological composition of the diets given to animals during anaerobic digestion
assay.

Diet DM CP CF EE NFE TDN NDF ADF MM

%DM
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confinement of animals after weaning, and slaughter at the early
age of 15 months (Silveira, 1995). At this age, animals have a min-
imum live weight of 450 kg and a coverage of subcutaneous fat in
the upper housing of 4 mm, which, together with their consider-
ably young age, ensures a better quality of meat. The model, then,
explores biological efficiency (live weight gain relative to energy
consumption) and combines the effects of genetic and environ-
mental factor manipulation in tissue transformation during accel-
erated growth (Rubiano et al., 2009).

Besides these aspects related to efficiency, Lovett et al. (2003)
also alert for the problem of CH4 emissions derived from enteric
fermentation. The authors comment about many potential strate-
gies as a means by which CH4 production (resulting from enteric
fermentation) could be reduced and one of them is the alteration
of ruminal fermentation patterns through dietary manipulation;
primarily the substitution of structural by non-structural carbohy-
drates. The authors concluded that the feeding of low F/C ratio
diets to finishing beef animals is an effective means to reduce
CH4 output per unit of product while simultaneously improving
animal productivity. Conclusion also obtained by Aguerre et al.
(2011) working with dairy cows and measuring the CH4 emissions
and for Mathot et al. (2012) who evaluated the effect of cattle diet
and manure storage conditions on carbon dioxide, methane and
nitrous oxide emissions from tie-stall barns and stored solid man-
ure. These important changes in the calf raising model, based on
the use of young bulls, are expected to affect directly the quantita-
tive and qualitative characteristics of manure. Thus, manure pro-
duced from young bulls needs to be evaluated for its pollution
potential. Also, it is important to determine the agronomic poten-
tial of manure produced according to the current calf raising
model, by using anaerobic digestion systems to estimate the pro-
duction of clean energy in the form of biogas, and the quality of
the final biofertilizer.

Here, we evaluated biogas production from the manure of
young bulls fed on diets differing in the ratio of concentrate (C)
to forage (F). Biogas production during anaerobic biodigestion
was evaluated in reactors operated in a semi-continuous system,
at three different temperature levels, with or without the use of
an inoculum. Also, we measured the levels of macronutrients in
the final biofertilizer produced by anaerobic digestion, to evaluate
the agronomic value of the manure generated under different
conditions.
LowC 48.1 19.6 19.5 5.28 50.1 68.9 51.2 21.0 5.49
HighC 55.6 15.8 10.7 4.44 63.9 74.2 40.3 14.2 5.08

DM: dry matter; CP: crude protein; CF: crude fiber; EE: ether extract; NFE: nitrogen
free extract; TDN: total digestible nutrients; NDF: neutral detergent fiber; ADF: acid
detergent fiber; MM: mineral matter.

Table 2
Characterization of manure produced by cattle fed on diets containing 65% concen-
trate + 35% forage (‘LowC’ diet) and 80% concentrate + 20% forage (‘HighC’ diet).

Components LowC diet HighC diet

TS (%) 20.0 ± 0.21 24.2 ± 2.7
VS (%) 82.7 ± 1.12 87.0 ± 0.10
N (%) 2.15 ± 0.05 2.20 ± 0.02
2. Materials and methods

2.1. Animals

The manure residues used in this work were collected from
Brangus breed cattle kept in the feedlot area of the Lageado Farm
(Faculty of Veterinary Medicine and Animal Husbandry, São Paulo
State University – FMVZ/UNESP – Botucatu, SP, Brazil). In a covered
confinement area, each 5 � 5-m masonry bay housed 6 animals,
with a suspended and perforated floor that facilitated manure col-
lection from the lower part of the bay. Manure collection was per-
formed 1 week after the initiation of feeding with experimental
diets.
P (%) 0.27 ± 0.00 0.26 ± 0.02
K (%) 1.71 ± 0.01 2.44 ± 0.04
CF (%) 22.81 ± 1.96 17.7 ± 1.67
NDF (%) 53.07 ± 3.04 47.6 ± 1.60
ADF (%) 34.2 ± 3.39 30.6 ± 3.98
NFE (%) 47.83 ± 3.04 50.30 ± 2.67
MM (%) 14.24 ± 1.26 16.40 ± 1.48
CP (%) 14.16 ± 1.10 13.47 ± 0.16
EE (%) 1.96 ± 0.71 2.16 ± 0.44
TDN (%) 62.60 ± 1.26 64.32 ± 1.80

TS: total solids; VS: volatile solids; N: nitrogen.
2.2. Biodigesters and experimental design

Anaerobic digestion of cattle manure was performed in PVC
bench digesters with 10-L capacity and fed in a semi-continuous
system, as described in Hardoim (1999). Anaerobic digestion
experiments followed a randomized factorial design comprising
12 treatments (2 diets � 3 temperature levels � presence or
absence of an inoculum in the digestion mixture), with two repli-
cates each, totaling 24 digesters. The duration of the assay was
58 days, but the period in which the data was collected was
31 days. The first 9 days and the last 17 days were discarded.

The manure used was produced by young bulls that had
received one of the following two diets, which differed in the ratio
of concentrate (C) to forage (F): 65% C + 35% F (‘LowC’ diet) and 80%
C + 20% F (‘HighC’ diet). This proportion is in the dry matter basis.
The diets were formulated using corn silage (whole plant and wet
grain), pre-dried alfalfa and mineral mix. The bromatological char-
acteristics of the two diets given to the animals are shown in
Table 1.

The composition of the manure produced by cattle fed on each
diet and used to compose the daily loading is shown in Table 2.

Anaerobic digestion was performed at 25, 35, or 40 �C. For tem-
perature control, anaerobic digesters were placed in 500-L fiber
cement boxes (in batches of 8 digesters/box). Boxes were ther-
mally insulated through a 3-cm polystyrene (Styrofoam) wrap con-
taining 270 L of water, which was heated to the desired
temperature thorough a heating system with electrical resistances
of 1000, 3000, and 5000 W (for temperatures of 25, 35, and 40 �C,
respectively) and a thermostat (20 A). Homogenization was
ensured by the use of a 150-Wwater pump in each box, which trig-
gered water movement whenever the thermostat activated the
heating system (Souza et al., 2005).

To start the process, within each batch of eight digesters kept at
a set temperature condition (25, 35, or 40 �C), half (4/8) were filled
with substrate containing manure from animals fed on the LowC
diet while the other half contained manure from animals given
the HighC diet. Substrates (LowC and HighC) were obtained from
bench digesters (10 L) operated in batch system for 172 days. Also,
2 digesters in each group of 4 contained an inoculum. The inocu-
lum used was the effluent of real scale digester (5.5 m3) operated
with beef cattle manure and water (8% TS) with 30 days of hydrau-
lic retention time (HRT) on semi-continuous system. The real scale
digester is located at São Paulo State University – Department of
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Rural Engineering – Jaboticabal – São Paulo – Brazil. The average
temperature of the digester substrate and later used as the inocu-
lum, was around 30 �C. The substrate to inoculum ratio was 1:1, or
4 L of substrate to 4 L of inoculum, so the initial load in all digesters
was 8 L. Experimental groups for each temperature condition were
as follows: ‘LowC + in’ (LowC diet, with inoculum), ‘LowC-in’ (LowC
diet, without inoculum), ‘HighC + in’ (HighC diet, with inoculum),
‘HighC-in’ (HighC diet, without inoculum).

The chemical composition of the substrates of different diets
and of the inoculum are shown in Table 3.
2.3. Quantification of the biogas production potential

Each anaerobic digester had an independent gasometer, with a
capacity of 15 L of biogas, to store and allow the quantification of
the biogas produced, through a graduated scale attached to the
outside wall. All gasometers were placed in a fiber cement box of
1000-L capacity, containing approximately 750 L of water and a
5-mm layer of hydraulic fluid, which maintained biogas pressure
and avoided absorption of the CO2 produced (Miranda, 2009). Bio-
gas production was determined by measuring the vertical displace-
ment of the gasometers and multiplying it by the area of the
gasometer’s inner cross section (i.e., 0.030887 m2), and measure-
ments were corrected for conditions of 1 atm and 20 �C, as
described by Caetano (1985). Gasometers were zeroed after each
reading which was performed whenever the mark on the ruler
recorded was at least 50% of the total height.

The daily load in the anaerobic digesters was composed of
60.8 g of manure and 139.2 g of water, resulting in 0.20 L of sub-
strate per day, and a hydraulic retention time (HRT) of 40 days.
The percentage of total solids (TS) in the influent ranged from 6%
to 8%. The levels of TS and volatile solids (VS) in the influents
and effluents of bench anaerobic digesters were determined as
described by APHA/AWWA/WEF (2005).

Biogas production values were calculated dividing the daily
average production values by the amount of manure in natura
added, and also the amount of TS and VS added to digesters during
anaerobic digestion. Biogas production values were expressed as
m3 of biogas per kg of TS added, per kg of VS added, or per kg of
manure added.
2.4. Macronutrient quantification

For macronutrient determination, manure and substrate sam-
ples were dried at 65 �C in a forced air oven (up to a constant
mass), ground in a cutting mill, and digested completely in a Diges-
dahl Hach digester, using a mixture of sulfuric acid (H2SO4) and
hydrogen peroxide (H2O2) at 50%. The levels of nitrogen, phosphorus,
Table 3
The chemical composition of substrates of ‘LowC’ diet and ‘HighC diet’ and of the
inoculum used in biodigester loading.

Nutrient Substrate LowC
diet

Substrate HighC
diet

Inoculum

pH 7.36 7.37 6.67
Nitrogen (g/100 g) 2.55 3.06 2.28
Phosphorus (g/100 g) 1.38 1.44 1.00
Potassium (g/100 g) 6.71 4.97 1.56
Calcium (g/100 g) 0.88 0.71 1.77
Magnesium (g/100 g) 2.76 3.06 0.97
Sodium (g/100 g) 1.72 2.55 9.20
Iron (mg/100 g) 456 546 389
Copper (mg/100 g) 13.0 24.2 6.74
Manganese (mg/100 g) 27.0 21.0 26.1
Zinc (mg/100 g) 76.2 63.4 28.3
Cobalt (mg/100 g) 11.2 11.9 9.99
potassium, calcium, magnesium, sodium, iron, copper, manganese,
zinc and cobalt in digestion extracts were determined according
to Bataglia et al. (1983). Total nitrogen was determined through
a micro-Kjeldahl distiller, using the methodology described by
Silva and Queiroz (2002). Phosphorus levels were determined by
a colorimetric method using a HACH DR-2000 spectrophotometer
(HACH), using standards prepared according to the methodology
described by Malavolta et al. (1989). Potassium, calcium,
magnesium, sodium, copper, manganese, zinc and cobalt concen-
trations were determined in a GBC 932 AA atomic absorption
spectrophotometer (GBC Scientific Equipment).

2.5. Bromatological analysis

The bromatological analysis of the diets (LowC and HighC) were
held at the Bromatological Laboratory of the Animal Production
Department of FMVZ/Unesp. The dry matter (DM), mineral matter
(MM), crude protein (CP) and ether extract (EE) were determined
according AOAC (1984) protocols. Crude Fiber (CF), Neutral deter-
gent fiber (NDF) and acid detergent fiber (ADF) were verified
according Van Soest et al. (1991). Nitrogen free extract (NFE) and
Total digestible nutrients (TDN) were calculated by the formula
suggested by Weiss (NRC, 2001):

NFE ¼ 100� ðCPþ EEþMMþ CFÞ
TDN ¼ 40:2625þ ð0:1969 �%CPÞ þ ð0:4228 �%NFEÞ

þ ð1:1903 �%EEÞ � ð0:1379 �%CFÞ
The bromatological characterization of the manures produced

by animals fed with diets HighC and LowC were held the Bromato-
logical Laboratory from FCA/Unesp, according to methodology
described by Silva and Queiroz (2002). The formulas used to calcu-
late NFE and TDN are the same cited above.

2.6. Statistical analysis

Results for daily average biogas production, biogas production
per kg of TS, VS and manure added, VS reduction, and macronutri-
ent concentration in the final biofertilizer were subjected to
ANOVA followed by Tukey’s test (with p 6 0.05 considered statisti-
cally significant), adopting a 2 � 2 � 3 factorial design (2 diets,
with and without inoculum, and 3 temperature levels), considering
two replicas per treatment and 31 days of data collection for the
measurements of biogas production and VS reduction.

3. Results and discussion

3.1. Biogas production

Given the changes in the calf raising model in Brazil, with
increasing use of younger bulls fed on diets richer in concentrate,
we sought to test the potential of young bulls’ manure for biogas
and biofertilizer production, after anaerobic biodigestion. The
three factors, diet, temperature and inoculum were statistically
compared and the results revealed a triple interaction among them
(Table 4). The greatest biogas production per kg of manure, TS and
VS added was observed when the manure from young bulls fed on
the HighC diet (80% concentrate + 20% forage) was subjected to
anaerobic digestion with the use of an inoculum, in reactors oper-
ated at temperatures of 35 or 40 �C (Table 5).

Our results may be explained by the fact that the ideal anaero-
bic digestion conditions observed here combine factors known to
positively influence the biogas production. Mesophilic tempera-
tures (35–37 �C) are commonly considered optimal for maintaining
the stability of bacterial activity and the production of biogas
from animal manure (Sakar et al., 2009). Also, the use of digested



Table 4
Summary of analysis of variance (F and p values) of the average daily biogas production and of the potential production of biogas per kg of total solids added (TSadd), per kg of
volatile solids added (VSadd) and per kg of manure (manure), depending on the different diets (D), substrate temperatures (T) and usage or not of an inoculum (I).

Source of variation Daily average TSadic VSadic Manure

F p F p F p F p

Diet (D) 497.98* 0.000000 400.33* 0.000000 457.66* 0.000000 497.98* 0.000000
Inoculum (I) 81.68* 0.000000 84.08* 0.000000 82.64* 0.000000 81.68* 0.000000
Temperature (T) 163.51* 0.000000 164.31* 0.000000 163.84* 0.000000 163.51* 0.000000
D � I 14.36* 0.000163 15.87* 0.000075 14.96* 0.000120 14.36* 0.000163
D � T 8.97* 0.000142 7.72* 0.000482 8.46* 0.000234 8.97* 0.000142
I � T 4.67* 0.009614 4.94* 0.007409 4.78* 0.008667 4.67* 0.009614
D � I � T 6.88* 0.001096 7.17* 0.000822 7.00* 0.000977 6.88* 0.001096

* Significant at 5%.

Table 5
Average biogas production and average daily production, corrected to 20 �C and 1 atm, per kg of total and volatile solids and of manure solids.

Potential of production (m3 biogas) Temp (�C) LowC diet + in LowC diet � in HighC diet + in HighC diet � in

Daily average (m3) 40 0.0064 Abx 0.0044 Aby 0.0079 Aax 0.0075 Aay
35 0.0055 Abx 0.0049 Aby 0.0077 Aax 0.0071 Aay
25 0.0044 Bbx 0.0036 Bby 0.0056 Bax 0.0053 Bay

kg TS added 40 0.4525 Abx 0.3134 Aby 0.5383 Aax 0.5109 Aay
35 0.3917 Abx 0.3469 Aby 0.5282 Aax 0.4847 Aay
25 0.3135 Bbx 0.2559 Bby 0.3854 Bax 0.3611Bay

kg VS added 40 0.5201 Abx 0.3602 Aby 0.6326 Aax 0.6004 Aay
35 0.4503 Abx 0.3988 Aby 0.6207 Aax 0.5696 Aay
25 0.3603 Bbx 0.2942 Bby 0.4529 Bax 0.4243 Bay

kg of manure 40 0.1049 Abx 0.0727 Aby 0.1295 Aax 0.1229 Aay
35 0.0908 Abx 0.0804 Aby 0.1271 Aax 0.1166 Aay
25 0.0727 Bbx 0.0593 Bby 0.0927 Bax 0.0869 Bay

In columns, capital letters compare temperatures, in lines, lowercase letters compare diets and, x and y compare inoculum. Means followed by different letters differ by Tukey
test (p < 0.05).

524 M.S.S.d. Mendonça Costa et al. /Waste Management 48 (2016) 521–527
materials as a source of inoculum increases anaerobic digestion
performance (Gu et al., 2014; Hidalgo and Martín-Marroquín,
2014). Lastly, Orrico et al. (2010, 2012) reported lower biogas
and methane production from the manure of young bulls fed on
diets with a higher proportion of forage relative to concentrate.

Other studies also reported that feeding beef cattle with highly
concentrated diets (60% C + 40% F) results in the production of
manures with higher biogas production (Orrico et al., 2010,
2012; Costa et al., 2013). Importantly, these results were obtained
by using a range of HRTs in batch systems (Orrico et al., 2010) and
genotypes (Orrico et al., 2012). Notably, the values for biogas pro-
duction that we obtained (Table 4) were much higher than those
reported by others (on average 0.20 m3 per kg of VS added). This
difference might be explained (at least in part) by the operation
of reactors in a semi-continuous system, compared with the batch
system used in other studies (Orrico et al., 2010, 2012; Costa et al.,
2013). As the calculation of the biogas production consider the
division of total volume of biogas (in batch assays) or the daily vol-
ume of biogas (in semi-continuous systems) by the amount of TS
and VS added, it could result in greater biogas production for
semi-continuous system because of the higher daily volumetric
yield.

The higher production of biogas from HighC diets can also be
explained by the quality of carbon present in the manure. As the
HighC diet presents more percentage of concentrate (80%) than
LowC diet (65%), the manure produced by animals fed with LowC
diet presented more content of fiber (CF, NDF and ADF) (see
Table 2). And according to other studies, when the animals are
fed with less amount of fiber, the CH4 emission from enteric fer-
mentation decreases (Lovett et al., 2003; Aguerre et al., 2011;
Mathot et al., 2012). So, we can infer that the manure from the
animals fed with HighC diet has more readily C available for
anaerobic digestion and it implies in more biogas production.
The content of NFE (nitrogen free extract) indirectly reflects the
content of non-structural carbohydrates and more digestible as
sugars, starch and pectin. The content of NFE is major in the
manure from HighC diet than in LowC diet (Table 2).

In the batch feeding trial most comparable to our study (Costa
et al., 2013), a double interaction was reported between dietary
factors and inoculum, as opposed to the triple interaction observed
here. Anaerobic digestion without inoculum of the manure from
animals fed on HighC diet yielded the highest potential for biogas
production per kg of added TS (0.2123 m3), and per kg of added VS
(0.2511 m3; Costa et al., 2013). These results can be explained by
the type of inoculum used. The main function of the biofertilizer
(stabilized material), when used as an inoculum, is to provide bio-
mass to start anaerobic digestion faster, accelerating biogas pro-
duction, as observed in this trial; however, the inoculum
occupies some of the usable volume of the fermentation chamber.
Therefore, in the final results, biogas production values per reactor
may be lower when compared to those obtained using reactors
containing a larger volume of substrate (manure + water) to be
digested. Just like in the test with reactors operating in a semi-
continuous system, only the initial charge used an inoculum,
which was gradually replaced by the substrate with only manure
and water.

The values for biogas production from the manure of young
bulls obtained in treatment HighC + in at 40 �C (0.5383 and
0.6326 m3 of biogas per kg of TS and VS added, respectively) were
comparable to those reported for pig slurry (Orrico et al., 2009,
2011; Miranda et al., 2012), and considerably higher than those
reported for the anaerobic digestion of manure from confined beef



Table 6
Summary of variance analysis (F and p values) of the reduction of VS depending on the
different diets (D), substrate temperatures (T) and use or not of inoculum (I).

Source of variation VS reduction

F p

Diet (D) 14.7* 0.000134
Inoculum (I) 15.7* 0.000000
Temperature (T) 31.9* 0.000000
D � I 1.1ns 0.325581
D � T 0.6ns 0.437161
I � T 1.5ns 0.213445
D � I � T 0.1ns 0.921339

ns Non-significant.
* Significant at 5%.

Table 7
Mean values of reduction in VS as a function of different
factors.

Temperature VS reduction

40 82.16A
35 81.18A
25 79.50B

Diets VS reduction

LowC 80.19B
HighC 81.70A

Inoculum VS reduction

�in 79.84B
+in 82.05A

Different capital letters within each factor differ sta-
tistically at 5% probability.

Table 9
Concentration of macronutrients (N, P, and K) in biofertilizers produced by anaerobic
digestion of the manure of young bulls fed on different diets.

Diets

Macronutrient (%) LowC HighC

N 2.43B 2.97A
P 1.23B 1.41A
K 2.27B 3.25A

Different capital letters within each factor differ statistically at 5% probability.

M.S.S.d. Mendonça Costa et al. /Waste Management 48 (2016) 521–527 525
cattle or dairy cows (Amon et al., 2007; Comino et al., 2009; Orrico
et al., 2011).

Concerning the content of methane in the biogas, we can cite
the results obtained by Orrico et al. (2010, 2012) which conducted
experiments under similar conditions in Brazil. The authors con-
cluded that the manure from animals that received more concen-
trated diets (60% of concentrate + 40% of forage) produced 23%
and 26.3% more methane than those fed with 40% of concentrate
+60% of forage, respectively for both assays. In both experiments
the author observed a relation between the methane production
and VS degradation. In our research, we did not measure the
methane content but we also observed that the content of VS
is superior at HighC diet (87.04%) than at LowC diet (82.66%)
and its degradation is higher on HighC diet than LowC diet
(p < 0.001).
Table 8
Summary of variance analysis (F and p values) of nitrogen concentration (N), phosphorus (
and use or not inoculum (I).

Source of variation N P

F p F

Diet (D) 26.280* 0.000251 11
Inoculum (I) 3.097ns 0.082330 1
Temperature (T) 1.116ns 0.311548 0
D � I 0.590ns 0.569607 0
D � T 0.026ns 0.873885 2
I � T 0.392ns 0.684300 0
D � I � T 1.309ns 0.306137 0

ns Non significant.
* Significant at 5%.
3.2. VS reduction

The reduction in VS during the study period (Table 6) was also
subjected to ANOVA, which did not reveal statistically significant
interactions among the factors.

As there was no interaction among the factors, the results were
separated and are shown in Table 7.

It should be noted that quantifying the reduction in solids in
reactors operated in semi-continuous systems is technically chal-
lenging, particularly when the daily load has a high content of
solids (in this case, between 6% and 8%). Samples tend to become
segregated and it is not possible to homogenize the substrate
before removal, which makes sampling relatively inaccurate espe-
cially regarding the settling of solids in the digester bottom, which
in turn, may overstate the reduction values. For this reason, prob-
ably we did not find triple interaction among the factors as we
observed for biogas production. Even without interactions, how-
ever, the largest VS reductions were observed at 40 �C and 35 �C,
with manure from animals fed on a HighC+ in (Table 6). The reduc-
tion in VS implies greater production of biogas, despite the statis-
tical difference between LowC and HighC diets being only 2% in VS
reduction, probably because of the sampling difficulty; thus, the
values are consistent with those presented in Table 5.

3.3. Agronomic value of biofertilizer

The concentration of macronutrients in the biofertilizer pro-
duced by each treatment during reactor storage was determined,
and the results were submitted to variance analysis. The summary
of this analysis is presented in Table 8.

The statistical analysis of the results by ANOVA revealed that
only the diet factor influenced the concentration of macronutrients
in the final biofertilizer. Specifically, the animals given the HighC
diet produced manures that, after anaerobic digestion, had higher
concentration of the macronutrients N, P, and K (Table 9).

Orrico et al. (2012) observed differences (p < 0.01) in manure
composition upon changes in the ratio of forage to concentrate in
diets. These authors found higher values of nitrogen (g kg�1 TS)
in the manures of animals fed on diets higher in concentrate than
in forage.
P) and potassium (K) depending on the different diets (D), substrate temperatures (T)

K

p F p

.955* 0.004738 8.3792* 0.013459

.542ns 0.253457 2.9102ns 0.093236

.060ns 0.810622 1.8873ns 0.194629

.213ns 0.810797 1.3963ns 0.284992

.094ns 0.173498 3.6690ns 0.079565

.218ns 0.807431 0.2026ns 0.819376

.377ns 0.693452 0.2577ns 0.776966



Table 10
Amount of macronutrient produced per animal considering the LowC and HighC diets.

Diet N (kg) Ammonium
sulfate (kg)

P (kg) Simple superphosphate
(kg)

K (kg) Potassium chloride (kg) Hectares of corn
(120 kg N ha�1)

LowC 6.5 32.5 4 51.0 6.1 12.2 0.054
HighC 8 40 3.3 42.0 9 18.0 0.070

N to Ammonium nitrate = (%N ⁄ 20)/100.
P to simple superphosphate (SS) = ((%P ⁄ 2.29) ⁄ 100)/18.
K to potassium chloride (KCl) = ((%K ⁄ 1.20548) ⁄ 100)/60.
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As the main characteristic of the HighC diet is the increase in
the concentrate related to forage, we can observe that the content
of N, P and K in the manure of both diets did not present expressive
difference (Table 2). Mathot et al. (2012) also did not find signifi-
cantly influence of the diet (p > 0.05), in the proportion and total
amount of N lost from a tie-stall system (barns and solid manure
storage facilities) for beef heifers. However, as the concentrate is
rich in non-structural carbohydrate, i.e., readily available carbon,
the anaerobic digestion promotes the concentration of macronutri-
ents by the loss of carbon, mainly in the form of CH4.

Considering an average residue coefficient (RC) of 1.99 kg of
waste (dry matter) per kg of meat produced in the confinement
system for young bulls, and an average weight gain of 1.7 kg day�1

(Costa, 2005), each animal produces 382.3 kg of manure (dry mat-
ter) in 113 days, on average, during the fattening period (i.e.,
excluding a period of adaptation to the combined diets). Consider-
ing a mixture of 6% of TS, this amount of waste is sufficient to pro-
duce 6383 L of biofertilizer (under the conditions tested here), with
a TS content of 4.2% (data not shown) resulting 268 kg of dry mat-
ter. With this information we present Table 10 containing the
macronutrient mass balance for both diets.

Considering the data from Table 10 it is possible to calculate the
number of young bulls to produce 1 hectare of corn (based on
120 kg N ha�1), 18.5 for LowC diet and 15 for High C diet. It is also
possible to calculate the energy produced per young bull fed with
each diet. Considering the biogas production average at 35 and
40 �C and the use of an inoculum (Table 5) and the index of
1.8 kW h per m3 of biogas produced, each young bull produces
2.6 and 3.25 kW h day�1, respectively for Low and HighC diet.

Studies regarding the LCA (Life Cycle Assessments) such as the
presented by de Vries et al. (2015) concluded that lower Global
Warming Potential – GWP (on average 28% lower), energy use
(13% lower) and land use (41% lower) per unit of beef were found
for concentrate-based compared with roughage-based systems.

This kind of exercise permits to discuss about the advantages
and disadvantages of this animal production system. Many authors
alert to the problems with animal welfare with the use of high con-
centrate diets, mainly the risk of ruminal acidosis (Bulle et al.,
2002; Torquato et al., 2012; González et al., 2012). However, other
disadvantages such as high production cost (Ferreira et al., 2009;
Pereira et al., 2009; Ogino et al., 2015) and the environmental
impacts caused by the manure high organic load (Ogino et al.,
2015; de Vries et al., 2015) could be, if not solved, at least allevi-
ated, by considering the agronomic and energetic recovery of the
manure generated in the system. Besides this, the waste biomass
for energy production is always an interesting source of renewable
energy and can make the difference in water crisis time. In fact, the
choice for young bulls confinement systems will depends on the
economic and energetic scenario. But always the manure recovery
will contribute for the sustainability of the activity.
4. Conclusions

When subjected to anaerobic digestion in a semi-continuous
system, the manure produced by young bulls has higher biogas
production when animals receive diets richer in concentrate than
in forage (80% concentrate and 20% forage), and when anaerobic
digestion is performed with an inoculum, at temperatures of
35 �C or 40 �C. Also, the biofertilizer generated from the anaerobic
digestion of manure from animals fed on HighC diets has higher
macronutrient content, and thus a greater agronomic value.
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