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Animal Science/ Original Article

Dietary effects of cottonseed
and vitamin E on greenhouse
gas emissions from cattle feces
analyzed in biodigesters

Abstract — The objective of this work was to evaluate the effect of diets with
cottonseed and vitamin E on the greenhouse gas (GHG) emissions of cattle
feces analyzed in biodigesters. Animal feces were evaluated in 18 laboratory-
scale anaerobic digesters through the following treatments: control, feces
from cows fed with a control diet; CS, feces from cows fed with a cottonseed
diet; and CSVitE, feces from cows fed with a cottonseed and vitamin E diet.
The production of biogas and GHG was measured, and no differences were
observed for the emissions of biogas, methane (CH,), and nitrous oxide (N,O).
The partition of the gross energy of the anaerobic digestion process was
similar among treatments. On average, 28% of gross energy fed was released
as CH,, 47% during digestion, and 25% as other gases and heat. The addition
of cottonseeds to the cattle diet increases the concentration of CH, and reduces
that of CO,, but it does not affect the total production of CH,, CO,, and N,O in
the biodigesters. The inclusion of vitamin E in the diet has no effect on GHG
production in the biodigesters.

Index terms: anaerobic digestion, methane, nitrous oxide.

Efeitos dietéticos de carogo de algodao e vitamina
E nas emissodes de gases de efeito estufa por
fezes de bovinos analisadas em biodigestores

Resumo — O objetivo deste trabalho foi avaliar o efeito de dietas com carogo
de algoddo e vitamina E nas emissdes de gases de efeito estufa (GEE) de
fezes de bovinos analisadas em biodigestores. As fezes dos animais foram
avaliadas em 18 digestores anaerobios de laboratorio, por meio dos seguintes
tratamentos: controle, fezes de vacas alimentadas com dieta controle; CS,
fezes de vacas alimentadas com carogo de algoddo; e CSVitE, fezes de vacas
alimentadas com carogo de algoddo e vitamina E. As produgdes de biogas
e GEE foram medidas, e ndo foram observadas diferengas para as emissoes
de biogas, metano (CH,) e 6xido nitroso (N,O). A parti¢do da energia bruta
do processo de digestdo anaerdbica foi semelhante entre os tratamentos. Em
média, 28% da energia bruta alimentada foi liberada como CH,, 47% na
digestdo e 25% como outros gases e calor. A adi¢do de carocos de algoddo
na dieta de bovinos aumenta a concentracdo de CH, e reduz a de CO,, mas
ndo afeta a produgdo total de CH,, CO, ¢ N,O nos biodigestores. A inclusdo
de vitamina E na dieta ndo tem efeito na produc¢ao de GEE nos biodigestores.

Termos para indexac¢io: digestdo anaerobia, metano, 6xido nitroso.
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Introduction

The manipulation of rumen fermentation by
supplementing lipids in cattle diets (Wanapat et al.,
2015) is a strategy to reduce methane (CH,) emissions
by ruminants. Lipids are directly related to fatty acids
and, therefore, may be increased in diets through the
addition of ingredients such as cottonseed (CS), a by-
product of the cotton fiber industry extensively used
as a source of fiber, protein, or fat in cattle nutrition
(Warner et al., 2020), due to its high concentrations of
unsaturated fatty acids (Paim et al., 2014). Vitamin E
has been used in animal feed to inhibit lipid oxidation
(Juarez et al., 2012), relieving the effects caused by
free radicals, being beneficial to rumen fermentation
as it improves nutrient digestibility (Vazquez-Afion &
Jenkins, 2007).

Some studies have investigated the addition of whole
cottonseed and vitamin E in cattle diets (Polviset et
al., 2015; Ferrinho et al., 2018; Nogueira et al., 2019,
2020). However, there are no known works associating
these ingredients with the impact of feces on the
environment or potential use in digesters. According
to Moller et al. (2014), the effects of changes in cattle’s
diets on biogas and GHG emissions from feces need to
be further studied.

Biogas is a mixture of CH, and carbon dioxide (CO,)
with some trace gases (Mata-Alvarez et al., 2014),
resulting from the conversion of organic substrates
during the biological process of anaerobic digestion
(Zhang et al., 2016). Biogas and CH,4 production from
organic matter, defined as volatile solids, have been
evaluated during the testing of anaerobic digestion
under controlled or monitored conditions in laboratory
batch on a small scale (Kunz et al., 2022). Nogueira
et al. (2020), for instance, observed that the inclusion
of cottonseed in cattle’s diet improved rumen
fermentation and reduced rumen CH, production.

However, although different feeding strategies can
reduce enteric CH; emission from stored manure, or
improve ruminal conditions (Benchaar & Hassanat,
2019), the subsequent effects on GHG emissions from
feces still remain unclear.

The objective of this work was to evaluate the effect
of diets with cottonseed and vitamin E on the GHG
emissions of cattle feces analyzed in biodigesters.
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Materials and Methods

The study was conducted in the summer of 2017 at
Universidade de Sao Paulo, located in the municipality
of Pirassununga, in the state of Sdo Paulo, Brazil
(21°59'45"S, 47°25'37"W, at 625 m above sea level).
The climate of the season is classified as Aw according
to the Koppen-Geiger, with an average temperature of
21.7°C and an average annual rainfall of 1,346 mm. The
experiment was approved by the ethics committee on
animal use of Universidade de Sdo Paulo (application
number 0092013).

Six non-pregnant and non-lactating Holstein dairy
cows, with an average body weight of 876+16.1 kg,
were arranged in individual pens with free access to
water and sand bedding. The cows were fed ad libitum
twice a day at 8:00 a.m. and 4:00 p.m with a high-
energy ration containing 87% of concentrates, using
sugarcane bagasse as roughage. Vitamin E (Lutavit
E 50, BASF Australia Limited, Victoria, Australia),
with 50% alpha-tocopheryl acetate, was included at an
amount of 500 IU per day. Three dietary treatments
were tested: control, control diet; CS, control diet with
30% cottonseed replacing ground corn grain; and
CSVitE, CS diet supplemented with vitamin E. The
ingredients and chemical compositions of the diets are
presented in Table 1.

For feeding and feces collection, cows were
arranged in a 3x3 Latin-square design with three
experimental periods, each lasting 21 days. The first
14 days of each period were used for diet adaptation.
Feces were collected during the next 15 to 21 days,
twice a day, after the cows were fed. Representative
samples — feces of each animal in each period — were
pooled together for testing. The substrates (feces and
water) were prepared to ensure an estimation of 5% of
total solids. The feces were loaded into 18 laboratory-
scale digesters, consisting of a 75 mm reactor, a 100
mm gasometer, and a 150 mm digester made with
three PVC pipes, adapted from Sunada et al. (2018).

In a chamber with controlled temperature, the
anaerobic digestion test was carried out under
mesophilic conditions, ideal for digestion kinetics
(Metcalf & Eddy, 2014). The digesters were arranged
in a completely randomized design with three feces
treatments (control, CS, and CSVitE) and six replicates.
The digesters were started up using the feces with
no inoculum. Every 15 days, biogas volume was
calculated, through the vertical displacement of the
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gasometer, in centimeters, and the obtained value was
standardized for the conditions of 1.0 atm and 20°C.

Every time biogas volume was measured, biogas
samples were collected with a syringe connected to the
gas log on top of the gasometer. The concentrations of
CH,, CO, and N,O were determined using the Trace
1300 gas chromatograph (Thermo Fisher Scientific,
Milan, Italy), equipped with a flame ionization detector
at 280°C, with a 3.5 m column packed with Porapak
N matrix (Merck, Darmstadt, Germany), according to
Kaminski et al. (2003). The volumes of CH,, CO,, and
N,O were calculated by multiplying biogas volume by
its respective concentration. Specific gas yield (per
gram of volatile solids fed or destroyed) was calculated
by dividing the total gas production by the amount
of volatile solids fed (before anaerobic digestion) or
destroyed (difference between volatile solids fed and
eliminated). The test was considered finished when
biogas production ceased. The nutrients fed (NF) and
eliminated (NE) were then weighed to calculate dry
matter (DM) content in grams.

Ingestate and digestate nutrients were obtained
using the following equation (Tseu et al., 2021):

Nutrients (g) = (NF or NE — % x DM fed or
eliminated — g) x 100

Table 1. Ingredients and chemical composition of dietary
treatments for dairy cows.

Ingredient™ Dietary treatment®
Control CS  CSVitE
Sugarcane bagasse (g kg' DM) 134 134 134
Cottonseed (g kg! DM) - 304 304
Ground corn grain (g kg DM) 572 281 281
Citrus pulp (g kg' DM) 183 183 183
Soybean meal (g kg of DM) 817 817 817
Minerals (g kg' DM) 60 60 60
Limestone (g kg' DM) 40 40 40
Urea (g kg' DM) 13.7 2.7 2.7
Vitamin E (mg kg' DM) - - 500
Chemical composition
Dry matter (g kg™) 891 910 910
Crude protein (g kg”' DM) 158 160 160
Ether extract (g kg' DM) 26.1 76.9 76.9
Neutral detergent fiber (g kg DM) 234 357 357
Acid detergent fiber (g kg'! DM) 171 265 265
Lignin (g kg"' DM) 553 136 136
Organic matter (g kg' DM) 829 845 845
Gross energy (MJ kg! DM) 17.4 17.9 17.9

DM, dry matter. @Control, control diet; CS, control diet with
30% cottonseed replacing ground corn grain; and CSVitE, CS diet
supplemented with vitamin E.

In addition, nutrient removal (NR) was determined
by the equation:

NR (%) = [(NF - NE)/ NF]x100

Gross energy release, expressed as CH,;, when
expressed as megajoule, was calculated using total
CH, production in liters and considering the following
information about CH, molecule: molar volume: 26.22
mol L; molar mass: 16.04 g mol; heat power: 13.16
kecal g!.

Other gases and heat released, expressed in
megajoule, were determined as follows: gross energy
fed minus energy released as CH, minus gross energy
eliminated in the digestate. The percentage of gross
energy released, when expressed as percentage of
gross energy fed, was calculated by division between
gross energy of CH, or other gas and heat or digestate
and gross energy fed and multiplied by 100.

Individual feed and feces samples, before and after
anaerobic digestion, were collected and composited in
representative samples on an equal-weight basis. The
samples were dried in a forced-air oven, at 60°C, for
48 hours, and then ground to pass a 1.0 mm Wiley mill
screen and analyzed. DM content was determined by
method 930.15 of Association of Official Analytical
Chemists (AOAC) (Cunniff, 1995) in the forced-air
oven at 105°C for 2 hours, followed by cold weighing.
Nitrogen content was obtained by the micro Kjeldahl
method, being multiplied by 6.25 to calculate crude
protein (Cunniff, 1995). Ether extract was obtained
using light petroleum ether in the Soxhlet extraction
apparatus, as described in method 920.39 (Cunniff,
1995). Neutral detergent fiber, acid detergent fiber,
and lignin were determined by the methods described
in the literature (Van Soest et al., 1991), using the Filter
Bag Technology (Ankom Technology, Macedon, NY,
USA) and heat-stable a-amylase as in method 973.18
(Cunnift, 1995). The levels of total solid and volatile
solids were measured according to American Public
Health Association (APHA) (Rice et al., 2012).

The experimental design was completely
randomized, with 18 experimental units (digesters)
for the three treatments (control, CS, and CSVitE) and
six replicates. Data were tested for residual normality
using the Shapiro-Wilk test. Statistical analyses were
performed with the SAS, version 9.3, software (SAS
Institute Inc., Cary, NC, USA) using mixed model,
with the fixed effect of treatment. The analyses
included descriptive statistics, in which mean values
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and standard errors of the mean were calculated. The

variables were analyzed using the following model:
Yij = p+ Ti + e,

where Y is the dependent response variable, p is the

overall mean, T, is treatment effect, and e; is the

residual error.

Contrast statements, at p<0.05, were used to evaluate
differences between the following treatments: control
vs. CS and CSVitE; and CS vs. CSVitE.

Methane yield curve parameters were estimated
from the methane yield of individual digesters using
the Gompertz model (Kafle & Chen, 2016), specifically
through the following three equations:

yi=A exp[-B exp(-k)]

where yl1 is methane yield at anaerobic digestion days,
A is asymptotic methane yield, B is the interaction
constant, k is the yield constant rate, and exp is the
base of natural logarithm 2.7183.

ti=InB/exp
where t; is the point of inflection, In is the logarithmic,
B is the interaction constant, and k is yield constant
rate.

yi=A/K

where y; is methane yield at inflection point, A is
asymptotic methane yield, and exp is the base of
natural logarithm 2.7183.

Results and Discussion

Feces composition differed in accordance with the
diet (Table 2). Cottonseed treatments had a higher
concentration of total solids (TS), volatile solids (VS),
neutral detergent fiber (NDF), acid detergent fiber
(ADF), and lignin when compared to the control.
This result is indicative that the digesters were not
able to destroy the highest content of TS and VS
present in the feces from cows fed with the diets with
cottonseed, as confirmed by the similar values of TS
and VS destroyed. Consequently, there was a higher
elimination of TS and VS in the cottonseed treatments.

No significant differences were observed between
TS destroyed and VS destroyed, whose mean
values were 49.6% and 53.7%, respectively. Volatile
solids destroyed are commonly used to measure the
performance of processes, being a direct indicator of
the metabolic activity of a microorganism community
(Moller et al., 2004). The destruction of VS in cattle
manure in the anaerobic digestion process is typically
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in the range of 30—45% (Davidsson et al., 2008). In
the present study, regardless of the treatment, the
destruction of TS and VS was over 45% and was
indicative of a sludge stabilization process and good
reactor performance in the batch digesters. As a result,
feces from cattle fed with cottonseed, with or without
vitamin E, did not affect biogas production.

The microorganisms present in the control degraded
more protein and organic matter than those in CS
and CSVitE (Table 2). These results suggest that the
microorganisms in the control had to hydrolyze higher
quantities of crude protein and organic matter to obtain
nutrients, as reported by Coelho et al. (2022). By
contrast, the microorganisms in the CS and CSVitE had
to hydrolyze higher quantities of protein from the NDF
provided by the cottonseeds included for nutrients.
This means that both treatments showed a similar
destruction of VS and TS, in addition to CH, yield.
Although the CS and CSVitE have a higher amount of
TS available for the anaerobic digestion, the nutrients

Table 2. Characteristics of feces and nutrients destroyed in
batch anaerobic digesters loaded with feces from cows fed
with different diets.

Variable® Treatment® SEM®  Probability®
Control CS  CSVitE Cl C2
TS (g kg) 187 225 225 0.50 * s
VS (gkg) 167 204 210  0.50 * s
OM (g kg' TS) 806 819 824 5.14 ns ns
CP (g kg' TS) 127 133 133 226 ns  ns
EE (gkg' TS) 156 165 144 061  ns  ns
NDF (g kg' TS) 399 453 472 163 ns

*
ADF (gkg' TS) 309 379 412 17.1 £ ons
Lignin (gkg' TS) 993 187 137 14.9 £ ns
TSaiminaea (g kg 100 109 119 023 £ s
*

VSummea (2kg?) 792 906 981 021 ns

TSdestroyed (%0) 47.7 52.6 48.6 1.34 ns ns
VSestroyed (%0) 52.5 55.5 53.1 1.43 ns ns
OMgesiroyed (%0) 58.7 53.2 49.8 1.37 * ns
CPuestroyea (%0) 54.4 44.6 38.0 2.50 * ns
NDFgegiroyed (%0) 39.6 41.1 40.6 2.61 ns ns
ADF gegiroyed (%0) 443 41.7 41.6 2.89 ns ns
Ligningegoyea (%0) 43.0 39.2 26.5 6.04 ns ns
EE gesiroyed (%0) 41.6 38.0 27.6 3.19 ns ns

(DTS, total solids; VS, volatile solids; OM, organic matter; CP, crude protein;
EE, ether extract; NDF, neutral detergent fiber; and ADF, acid detergent
fiber. @Control, control diet; CS, control diet with 30 % cottonseed
replacing ground corn grain; and CSVitE, CS diet supplemented with
vitamin E. ®SEM, standard error of mean. *Significant at 5% probability.
"Nonsignificant. ®Contrast statements were used to evaluate differences
between the following treatments: Cl1, control vs. CS and CSVitE; and
C2, CS vs. CSVitE.
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consisted of fibrous contents, i.e., of NDF, ADF, and
lignin. Orrico Junior et al. (2012) concluded that a
higher concentration of fiber in the diet may favor a
lower reduction in TS and VS, whereas Kafle & Chen
(2016) observed a strong negative relationship, with
a coefficient of determination (R?) of 0.85, between
lignin concentration in manure and CH, emissions.
Therefore, although there was an increase in lignin
content in the feces in the cottonseed treatments, there
was no reduction in CH, production.

The crude protein content of a diet is the major factor
determining the percentage of excreted N (Kiilling et
al., 2002). In the present study, a similar crude protein
content was obtained for the diet and substracts used
to load the digesters (Table 2). Since the crude protein
content in the substracts is a N source for the process
of N,O production, a similar crude protein resulted
in similar N,O emissions. The same authors reported
similar N losses and N,O emissions for dairy manure
under anaerobic conditions.

Regarding biogas, methane concentration was
higher in the cottonseed treatments when compared
to the control (Table 3). However, the diets with
cottonseeds had a lower CO, concentration, CO, yield
per gram of VS fed, and CO, yield per gram of VS
destroyed, with no significant differences for the N,O
concentration in the biogas, total yield, yield, and
Gompertz parameters. Mathot et al. (2012) only found
alterations in feces characteristics but not in GHG
emissions, as observed here.

To calculate the CH, emissions of the manure of
dairy cows, the Intergovernmental Panel on Climate
Change (IPCC) (Dong et al., 2006) suggests a default
value of 0.240+36 L g' of VS as the maximum amount
of CH, producing capacity of manure. In the present
work, the specific CH, productivity, measured in
terms of VS destroyed, was, on average, 0.303 L g
of VS destroyed, which is indicative of the complete
degradation of the organic components of the feces.
The ultimate CH, yield, obtained in terms of VS fed
(Dong et al., 2006), was 54.0% of the theoretical
CH, yield, confirming the reduction of 53.7% in VS.
The ultimate CH, yield will always be lower than the
theoretical yield because a fraction of the feces is used
to synthesize bacterial mass; therefore, the fraction
of the organic material lost in the effluent and lignin-
containing compounds will only be degraded to a
limited degree (Franco et al., 2007).

The cumulative CH, yield was estimated by the
Gompertz curve (Figure 1), which explains most of
the variability in the response data, confirmed by the
higher R? values obtained. A CH, yield difference
of 3.4% was observed between the measured and
predicted values, which is in alignment with Kafle &
Chen (2016), who concluded that the Gompertz model
was the one that better predicted CH, yield. Inflection
point was reached, on average, on day 38 when
cumulative CH, represented 38% of total CH, yield,
which increased up to day 38, after which it decreased
until day 220, when yield ceased.

The cottonseed treatments had higher gross energy
fed and released in the digestate when compared to

Table 3. Biogas and greenhouse gas emissions of batch
anaerobic digesters loaded with feces from dairy cows fed
with different diets.

Variable® Treatment® SEM®  Probability®
Control CS  CSVitE Cl C2
Biogasew (L) 7.593 8.256 8.373  0.403 ns ns
CH,
CHaconcentration (%0) 7439  79.69 80.05 0.842 * ns
CHygorar (L) 5.637 6.573  6.701  0.320 ns ns
CHyper VSpq (L g") 0168  0.166  0.159 0.007 ns ns
CH, per 0.320 0.290 0.300 0.014 ns ns
VS.gestroyea (L g7)
t; (day) 3503 4337 3693 2374 ns ns
vi(Lgh 0.067 0058 0062 0002 ns  ns
CO,
COxconcentration (%0) 2546 2021 19.32  0.858 * ns
COx0tar (L) 1.956 1.667 1.662  0.118 ns ns
CO,per VSpq (L g")  0.058 0.041 0.038  0.003 * ns
CO, per 0.112  0.074 0.072  0.007 * ns
Vsdcslmycd (L gl)
t, (day) 3527  47.63 3614  3.432 ns ns
vi(L g 0.019 0.015 0.014 0.001 ns ns
N,O
N2Oconcentration (%0) 0.113 0.093 0.866 0.008 ns ns
N,O o (ML) 8.803 7707 7314  0.864 ns ns
N,O per 0.261 0.189 0174  0.022 ns ns
VS (mL g")
N,O per 0.495 0.349 0.322  0.004 ns ns
VS estroyed (ML g1)
t; (day) 3528 47.81 3480 3.459 ns ns
yi (mL g?) 0.081 0.070 0.071  0.007 ns ns

TS, total solids; VS, volatile solids; t;, inflection point; and vy, yield
rate at inflection point. ®Control, control diet; CS, control diet with
30 % cottonseed replacing ground corn grain; and CSVitE, CS diet
supplemented with vitamin E. ®SEM, standard error of the mean.
@Contrast statements were used to evaluate differences between the
following treatments: C1, control vs. CS and CSVitE; and C2, CS vs.
CSVitE. *Significant at 5% probability. *Nonsignificant.
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the control (Table 4). However, no differences were
observed for gross energy released when expressed
as a percentage of gross energy fed. On average, 47%
of the gross energy fed was released during digestion,
25% as other gas and heat, and 28% as CH, that can be
used for electricity or heat generation.

0.20 7

(=]

—_

W
L

Control (R* = 0.9976)
--------- CS (R*=0.9974)
0.05 1 CSVitE (R* = 0.9978)

Y inflection point

Cumulative CH, production (L g" VS fed)
)
=)

e
=3
S

50 100 150 200

=

Anaerobic digestion time (days)

Figure 1. Cumulative CH, production in relation to anaerobic
digestion time observed and adjusted by the Gompertz
curve. The inflection point represents the day when the
maximum point of CH; production occurred. Control,
control diet; CS, control diet with 30% cottonseed replacing
ground corn grain; and CSVitE, CS diet supplemented with
vitamin E.

Table 4. Gross energy released and eliminated by batch
anaerobic digesters loaded with feces from dairy cows fed
with different diets.

Variable Treatment” SEM® Probability®
Control CS CSVitE Cl C2
Gross energy fed (MJ) 0.64 0.80 0.80 0.02 * ns
Methane released (MJ) 018 022 0.22 0.01 ns ns

Percentage of
gross energy fed (%)
Digestate released (MJ)  0.31 035 0.38 0.01 * ns
Percentage of
gross energy fed (%)

28.9 271 27.9 1.23 ns ns

48.1 443 482 1.59 ns ns

Others gases and heat
released (MJ)
Percentage of

gross energy fed (%)

0.15 023 0.19 0.01 ns ns

229 284 238 207 ns ns

(WControl, control diet; CS, control diet with 30% cottonseed replacing
ground corn grain; and CSVitE, CS diet supplemented with vitamin E.
@SEM, standard error of the mean. ®Contrast statements were used to
evaluate differences between the following treatments: C1, control vs. CS
and CSVitE; and C2, CS vs. CSVitE. Statistical significance was declared
at p<0.05. *Significant at 5% probability. “Nonsignificant.
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Conclusions

1. The addition of cottonseeds to cattle diets
increases the concentration of CH, and reduces that of
CO,, but does not affect the total yield of CHy, CO, and
N,O in biodigesters.

2. The inclusion of vitamin E in cattle diets has no
effect on greenhouse gas production in the biodigesters.
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