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RESUMO 

 

NOGUEIRA, R. G. S. Emissões de metano entérico e das fezes, variaveis fermentativos ruminais 

e comportamento ingestivo de bovinos alimentados com caroço de algodão e vitamina E (Enteric 
and manure methane emissions, fermentative ruminal and behavioral parameters of cattle fed 

cottonseed and vitamin E). 2017. 97 p. Tese (Doutorado em Ciências) – Faculdade de Medicina 

Veterinária e Zootecnia, Universidade de São Paulo, Pirassununga, 2017. 

 

A problemática das emissões de gases de efeito estufa atribuída à produção de bovinos e melhorias na 

produtividade desses animais vem crescendo e se tornando cada vez mais importante. Bovinos emitem 

metano como parte do seu processo digestivo, e isto representa perda de energia para o animal. A 

decomposição das fezes gera metano, este pode ser recuperado por biodigestores e transformado em 

diferentes tipos de energia. Assim, objetivou-se quantificar o potencial de produção do metano 

entérico e da decomposição anaeróbia das fezes, bem como avaliar parâmetros ruminais e 

comportamentais de bovinos alimentados com caroço de algodão e vitamina E.  Foram utilizadas seis 

vacas fistuladas não gestantes e não lactantes (876 kg±16). Os tratamentos foram: 1) Controle: dieta 

basal; 2) CA: dieta basal mais 30% de caroço de algodão; 3) CAVitE: dieta basal mais 30% de caroço 

de algodão mais 500 UI vitamina E. O delineamento experimental utilizado foi o quadrado latino. Os 

resultados foram comparados por contrastes ortogonais e foram considerados significantes valores de 

P≤0,05. Não foram verificadas diferenças para o consumo de matéria seca (MS), bem como 

digestibilidade da MS e da fibra em detergente neutro (FDN). Os animais suplementados com caroço 

de algodão passaram maior tempo comendo e ruminando e menor tempo em ócio. Houve redução na 

concentração e produção de acetato, butirato e da relação acetato:propionato dos animais que 

receberam caroço de algodão comparado ao controle. A inclusão do caroço de algodão provocou 

mitigação das emissões de metano entérico. Houve alteração nas características dos substratos 

utilizados para abastecer os biodigestores. No entanto, não foram verificadas diferenças para a 

produção total de biogás, rendimento de metano e capacidade dos biodigestores em recuperar a 

energia das fezes na forma de metano. A inclusão de 30% caroço de algodão pode ser utilizada como 

estratégia para mitigar metano entérico, sem causar perdas no consumo, digestibilidade dos alimentos 

e na biodigestão anaeróbia das fezes. Além disso, sua inclusão promoveu alterações favoráveis no 

comportamento ingestivo, nos produtos da fermentação ruminal, bem como na partição de energia do 

trato gastrointestinal. A vitamina E quando utilizada como antioxidante não possui efeitos sobre a 

fermentação ruminal, comportamento ingestivo e biodigestão anaeróbia das fezes, assim sua inclusão 

não é indicada devido a ausência de resultados favoráveis a sua utilização. 

 

 

Palavras-chave: Lipídeos. Antioxidante. Ruminantes. Biodigestão anaerobia. 



 

ABSTRACT 

 

 

NOGUEIRA, R. G. S. Enteric and feces methane emissions, fermentative ruminal parameters 

and feeding behavior of cattle fed cottonseed and vitamin E (Emissões de metano entérico e das 

fezes, parâmetros fermentativos ruminais e comportamento ingestivo de bovinos alimentados com 

caroço de algodão e vitamina E) 2017. 97 p. Tese (Doutorado em Ciências) – Faculdade de Medicina 

Veterinária e Zootecnia, Universidade de São Paulo, Pirassununga, 2017. 

 

Problems about greenhouse gas emissions attributed to cattle production and improvements in the 

productivity of these animals has been growing and becoming increasingly important. Cattle releases 

methane as part of their digestive process, and this represents loss of energy for the animal. The 

decomposition of feces releases methane and it can be recovered by digester and transformed into 

different types of energy. Thus, aiming to quantify the potential production of enteric methane and 

anaerobic fecal decomposition, as well as to evaluate ruminal and behavioral parameters of cattle fed 

with cottonseed and vitamin E. Six cannulated cows (864±16 kg) were distributed in a replicate 3x3 

Latin square. Treatments were: 1) control diet; 2) CS: basal diet plus 30% cottonseed and 3) CSVitE: 

basal diet plus 30% of cottonseed plus 500 UI of vitamin E. Results were compared through 

orthogonal contrast and values were considered significant when P≤0,05. No differences were 

observed for dry matter intake (DMI), as well as digestibility of DM and neutral detergent fiber 

(NDF). Animals supplemented with cottonseed spent more time eating and ruminating and less time in 

idles. Reduction in the concentration and production of acetate, butyrate and the acetate: propionate 

ratio was observed in animals fed cottonseed compared to the control. Enteric methane mitigation was 

observed for the cottonseed treatments compared to the control. Changes in the substrates 

characteristics used to load the digesters were observed. However, no differences were verified for the 

total biogas production, methane yield and capacity to recover the energy of the feces in the form of 

methane. Inclusion of 30% cottonseed can be used as a strategy to mitigate enteric methane, without 

causing losses in the DMI, nutrients digestibility and anaerobic digestion of feces. In addition, it 

promoted favorable changes in the ingestive behavior, ruminal fermentation products, as well as in the 

energy partition of the gastrointestinal tract. Vitamin E when is used as antioxidant had not effect on 

ruminal fermentation, feeding behavior and feces anaerobic digestion, thus the inclusion is not advised 

due absence of positive results. 

Keywords: Lipids. Antioxidant. Ruminants. Anaerobic digestion. 
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1. INTRODUCTION 

 

 

While ruminants have an important role in providing high quality protein 

essential for the human diet, they are also an important source of greenhouse gas (GHG) 

emissions. Methane (CH4), carbon dioxide (CO2), nitrous oxide (N2O) are the main 

GHGs emitted by livestock activity. 

According to Beauchemin et al. (2008), the ruminant sector globally emits 35-

40% of all methane produced by anthropogenic activities, with enteric fermentation 

accounting for 94% of all emissions. The remainder is produced by the decomposition 

of waste (FAO, 2013). 

There is a concern of the cattle community not only with the environmental 

issue of enteric methane emissions and feces, but also with regard to productivity, since 

according to Buddle et al. (2011), from 5% to 9% of the raw energy of the diet is lost as 

methane. 

Cattle are a source of enteric methane that can be manipulated because the 

production of this gas comes from ruminal fermentation, which is related to the animal 

category, DMI, type and digestibility of feed. There is possible to reduce enteric 

methane production by modifying ruminal fermentation, obtained by type and amount 

of carbohydrate included in the diet, by manipulating the ruminal microbiota with food 

additives and by adding lipids (Berchielli et al. 2012). 

One of the strategies that has been prominente in the mitigation of methane 

emissions is the inclusion of lipids in the diet. The common sources used in lipid 

supplementation are vegetable oils and oilseeds (Machado Neto, 2011).  

The use of vegetable oil has caused losses in animal productivity, mainly due 

to the reduction in the digestibility of some nutrients and dry matter intake (Berchielli et 

al. 2012). One of the alternatives found to minimize these problems has been the use of 

lipids protected from direct digestion in the rumen, which may be artificial or natural, 

such as oleaginous seeds (Freitas Junior, 2008). 

Cottonseed is a co-product of the textile industry that is widely used in 

ruminant feed because it has a high concentration of protected oil, protein and fiber, 

which allows the replacement by concentrated feeds without losses ruminal 



11 
 

fermentation. Few feeds can gather these nutrients, in addition it has a high  fiber 

degradability (Geron et al. 2011). 

One of the consequences and concerns of using oilseeds in the diet of cattle is 

the increase in the concentration of unsaturated fatty acids, which increases the 

susceptibility to lipid peroxidation (Machado Neto, 2011).Unsaturated fatty acids 

oxidize easily, causing the development of unpleasant odor and taste, culminating in 

loss of the organoleptic characteristics of the meat (Pinto, 2010). 

Therefore, strategies that may increase the lipid stability of meat are of great 

importance in the context of supplementation with lipid sources (Machado Neto, 2011). 

Antioxidants stabilize highly reactive free radicals, thus maintaining the structural and 

functional integrity of cells (Mendonça Junior, 2010). 

Vitamin E is related to several functions in the body, and some of the most 

important are: i) inter- and intracellular antioxidant action; ii) inhibition of the natural 

peroxidation of unsaturated fatty acids in the lipid layers of the membrane, with the 

elimination of free radicals (Mendonça Junior, 2010). 

Therefore, the main hypothesis this study is that inclusion of cottonseed causes 

reductions in the enteric methane emissions and changes in the ruminal fermentation 

products, as well as in the feces characteristics and anaerobic digestion. The secondary 

hypothesis is that the inclusion of vitamin E has effect on ruminal fermentation, and it 

has not effect on feeding behavior, feces characteristics and anaerobic digestion. 

The objectives of this study are to evaluate the inclusion of 30% cottonseed 

and 500 IU of vitamin E on DMI, nutrients digestibility, ingestive behavior, ruminal 

fermentation products, as well as to verify characteristics of feces and this potential to 

produce methane in anaerobic conditions. 
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2. LITERATURE REVIEW 

 

 

2.1. LIVESTOCK SECTOR 

 

 

The livestock sector is large, twenty billion animals make use of 30% of the 

terrestrial land area for grazing, one-third of global cropland area is devoted to 

producing animal feed and 32% of freshwater is used to provide direct livelihood and 

economic benefits to at least 1,3 billion producers and retailers (Herrero et al. 2010; 

Thorton, 2010). As an economic activity, livestock contributes up to 50% of agricultural 

gross domestic product globally (FAO, 2009). 

 Global per capita consumption of livestock products has more than doubled in 

the past 40 years (FAO, 2009). Increasing human population, incomes and urbanization 

are projected to drive increases in the livestock consumption by 70% by 2050 (Geber et 

al. 2013). In response to these demand trends, the sector has intensified a significant 

increase production (FAO, 2006; Rosegrant et al. 2009), beef and milk production have 

more than doubled over the past 40 years (Thorton, 2010). 

Previously observed rates (FAO, 2009; Rosegrant et al. 2009) most of the 

growth is projected to occur in the developing world. However, many parts of the 

developing world have high greenhouse gas (GHG) emissions from livestock, which are 

produced high intensities due to low productivity and large numbers of animals (for 

example, parts of Africa and Latin America) (Herrero et al. 2013). 

The Food and Agriculture Organization of the United Nations (FAO) reported 

that GHG emissions from the livestock sector represent 18% of the global GHG 

emissions. Cattle production systems dominate the livestock sector’s emissions with 

64–78% depending on the study (FAO, 2013; Geber et al. 2013; Herrero et al. 2013). 

Taking an aggregate view of the sector, animal feed production accounts for about 45% 

of the sector’s emissions, with about half of these emissions related to fertilization of 

feed crops and pastures (manure and fertilizer included) (Herrero et al. 2013). Enteric 

fermentation contributes to about 40% of total emissions, followed by manure storage 

and processing in which contributes to 10% of emissions (FAO, 2013).  
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2.2. ENTERIC FERMENTATION AND METHANE PRODUCTION 

 

 

In ruminants, digestion of feed is a two-stage process (Mcallister et al. 2008; 

Hristov et al. 2013, Krause et al. 2013): (i) enzymatic degradation of feed sources in the 

rumen with the release of a range of monomers (sugars, amino acids, glycerol and fatty 

acids); and (ii) the fermentation of those compounds by rumen microbiota (bacteria, 

methanogenic Archaea, protozoa and fungi).  

Rumen fermentation involves an oxidation process, generating reduced co-

factors (NADH, NADPH, and FADH), which are then re-oxidized (NAD+, NADP and 

FAD+) by dehydrogenation reactions, releasing hydrogen in the rumen (McAllister and 

Newbold, 2008) 

The pregastric fermentation of cellulose-rich feeds in the reticulo-rumen-

omasal complex environment is intrinsically tightly regulated (redox potential of –300 

to –350 mV; 38–42°C and pH 6–7). These conditions maintain ruminal microbial 

system functionality, but clearance of SCFA, H2 and CO2 must occur. Shor chain fatty 

acids (SCFA) are transported across the rumen and omasal walls and utilized by the 

animal, whereas CO2 is released to the head space of the rumen and it lost through 

eructation or transported via circulation to the lungs, and then respired. The metabolic 

clearance of H2 is either through SCFA production or, predominantly, conversion to 

CH4. This latter process is facilitated by methanogenic Archaea. The major metabolic 

pathways are as follows by Knapp et al. (2013) and Jhonson and Jhonson, (1995): 

  

Hydrogenotrophic: CO2 + 4H2 → CH4 + 2H2O 

Methylotrophic: CH3OH + H2 → CH4 + H2O 

4CH3OH → 3CH4 + CO2 + 2H2O 

CH3NH2 + H2 → CH4 + NH3 

Aceticlastic: CH3COOH → CO2 + CH4 (minor in the rumen). 

 

Methane production is therefore essential for obtaining a high-performing 

rumen ecosystem because H2 accumulation, which could inhibit dehydrogenase activity 

in re-oxidation co-factors, is avoided. An efficient H2 capture in the rumen contributes 

to increase in the rate of fermentation by the lack of inhibitory effect on the microbial 

degradation of organic material (Wolin, 1979; McAllister and Newbold, 2008). 
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Methanogenesis is an important part of the energy metabolism in ruminants 

and measuring this production is critical in understanding ruminant livestock 

productivity.  For instance, increase in productivity can be achieved by reducing CH4 

through an increase capture of metabolic hydrogen H2 into SCFA (Mitisumori et al. 

2012).  The loss of methane energy from ruminant is also a critical priority regarding 

feed energy utilization and animal productivity (Johnson and Johnson, 1995; Kurihara 

et al., 1999).  

Emissions from enteric fermentation represent significant energy losses from 

feed intake. The CH4 production per animal varies in 2 to 12% of the gross energy 

intake and it depends on the feed composition, feed quality, and production level 

(Johnson and Johnson, 1995). Under extreme circumstances values between 3 and 7% 

(Martin et al. 2008) are more realistic in intensive cattle production. It is possible that 

energy conserved from reduction on enteric methane emissions could be used in other 

metabolic processes, such as live-weight gain, milk and beef yield (Young et al. 2011).  

Furthermore, the largest single contributor to livestock GHG emissions is 

enteric fermentation which represents between 32 and 40% of the total GHG emitted 

from the sector and have been the main focus for animal-based mitigation research 

(Smith et al. 2014). About 75 % of total CH4 emissions from livestock come from cattle 

(Tubiello et al. 2013) and they are major contribution; 44% of global anthropogenic 

methane of GHG comes from methanogenesis during fermentation of feeds in the 

rumen (Gerber et al. 2013).  

Therefore, methane mitigation is a priority for improving animal productivity 

and environmental sustainability (Beauchemin et al. 2011; Capper and Buaman, 2013). 

 

 

2.3. METHANE MITIGATION 

 

 

Extensive research in recent years has provided a number of practices viable 

for the enteric methane mitigation, such as alternative electron receptors, methane 

inhibitors, dietary lipids and increased animal productive efficiency (Histrov et al. 

2013). Emissions intensities of livestock products may be reduced by manipulating farm 

management while improve animal production efficiency (Fergunson et al. 2007; 

Cruickshank et al. 2008; Alcock and Hegarty; 2011; Young et al. 2011). Numerous 

http://www.sciencedirect.com/science/article/pii/S0308521X14000791#bib0020
http://www.sciencedirect.com/science/article/pii/S0308521X14000791#bib0240
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studies have investigated the potential to decrease methane from enteric fermentation in 

ruminants using dietary strategies or dietary additives (Histrov et al. 2013).  

The addition of fatty acids to ruminant diets increase dietary energy density, 

modifying rumen digestion and fermentation processes to mitigate methane production 

(Blaxter and Czerkawski, 1966; Machumuller et al. 2000; Lovett et al. 2003; Cieślak et 

al. 2006). Dietary supplementation with lipids reduces methane emissions through 

multiple mechanisms: i) reduction of fermentable organic matter (lipids are not a source 

of energy for rumen bacteria); ii) reduction of methanogenic activity due to the presence 

of medium-chain fatty acids; iii) toxic effects on cellulolytic bacteria (Nagajara et al. 

1997) and protozoa (Doreau and Ferlay, 1995) due to the effect of long chain fatty acids 

and. Toxic effects of long chain fatty acids occur through their action on cell 

membranes, particularly gram-positive bacteria. (Maia et al. 2007). 

The inhibitory response of lipids on methane production depends on 

concentration, type, fatty acid composition, and nutrient composition of diets 

(Beauchemin et al. 2008; Machmüller, 2006). Despite the possibility of a methane 

reduction greater than 40% when high levels of lipids are added (Machmuller and 

Kreuzer, 1999; Jordan et al, 2006b), a reduction from 10 to 25% is more likely to be 

obtained (Beauchemin et al. 2008). 

Jordan et al. (2006b) reported that feeding cows with diets combined between 

whole soybean or refined soy oil decreased enteric methane by approximately 25% and 

39%, respectively. Grainger et al. (2010) who included cottonseed in the diet and 

McGinn et al. (2004) who studied sun flower oil supplementation, observed reduced 

methane emissions by 17% and 21% respectively.  

 

 

2.4. COTTONSEED 

 

 

Supplementation of diets with lipids is one recognized mitigation strategies due 

its effectiveness in reducing CH4 and animal productivity (Hristov et al. 2013).  

Feeding whole seeds, a byproduct from the plant production, as well as pure 

oil, are tools to increase the dietary lipid concentration, but the difference in physical 

form might influence the effect of lipid in the rumen (Brask et al. 2013).  

http://link.springer.com/article/10.1007/s10584-016-1686-1#CR28
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Oil in seeds is stored intracellularly, and the lipid release depends on the 

digestion and breakdown of the cell wall, which leads to a slower release compared with 

feeding oil directly (Steele et al. 1971). Rumen bypass fatty acids has no negative 

effects on ruminal fermentation and nutrient digestibility (Litherland et al. 2005; 

Kazama et al. 2010; Côrtes et al. 2011). Encapsulation of fatty acids within the oilseed 

has additional benefit of lessening detrimental effect of lipid on digestion, which is the 

major limiting factor in lipid utilization (Jenkins and Lundy, 2001).  

Cottonseed is a by-product of the cotton industry. This feedstuff is of 

significant feeding value (Chandler, 1992). Cottonseed in dry matter content is high in 

fat (200 g/kg), crude protein (230 g/kg) and neutral detergent fiber (440 g/kg) (NRC, 

1989).  

The supplemental lipid from cottonseed increases the energy density of the diet 

and the fiber provided by the lint and the hull from cottonseed has been shown to be a 

good source of effective fiber (Clark et al. 1993). It is commonly used in diets for high 

producing dairy cows to increase the energy density and maintain acceptable fiber 

concentrations (Coppock et al. 1987). Thus, cottonseed can be used as a source of 

energy, protein and fiber, in addition has a potential option as a dietary supplement to 

reduce CH4 emissions. 

 

 

2.5. VITAMIN E 

 

 

Vitamin E is lipid-soluble and it is used in animal feed mainly due to the 

antioxidant function (Baldi, 2005) and because it assists in reducing the effects of 

oxidative stress. Vitamin E is lipid-soluble and it is used in animal feed mainly due the 

antioxidant function (Baldi, 2005) and because it assists in reducing the effects of 

oxidative stress. Thus, can be important to supply additional antioxidants to the diet of 

cattle when oil and oilseeds will be included. 

Many factors interact to determine variable effects of lipid supplementation on 

animal performance, on extent of ruminal biohydrogenation, and the nutritional and 

sensorial properties of dairy and meat products (Chilliard and Ferlay, 2004).  

Supplemental vitamin E enhanced the antioxidation and palatability 

characteristics of beef (Bloomberg et al. 2011), elevated α-tocopherol concentration in 

http://www.sciencedirect.com/science/article/pii/S0377840197001697#BIB15
http://www.sciencedirect.com/science/article/pii/S1871141316301548#bib4
http://onlinelibrary.wiley.com/doi/10.1111/jpn.12438/full#jpn12438-bib-0009
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plasma and suppressed oxidation of lipid in muscle tissue of steers (O’Grady et al. 

2001), improved the function of bovine neutrophils and reduced somatic cell counts in 

milk of dairy cows (Politis et al. 2004),  

Lipid supplementation of cattle may also increase the risk of blood 

lipoperoxidation in a similar manner to that of milk and meat, and expose the animals to 

the deleterious effects of oxidative stress (Gobert et al. 2009) 

The rumen environment is relatively free of oxygen and suitable for the 

colonization and growth of rumen microbes which are anaerobes. However, a small 

amount of oxygen, which is harmful to rumen microbes, may go into the rumen with sa-

liva, feeds, drinking water and diffusion from blood into rumen. Therefore, 

supplementing vitamin E to relieve oxidation effects from oxygen could be beneficial to 

rumen microbes and consequently feed digestion (Wey et al. 2015). 

Indeed, feeding 200 mg/kg of dry matter of a synthetic antioxidant (blend of 

ethoxyquinand tertiary-butyl-hydroquinone) to dairy cows has improved the utilization 

of diets containing both oxidized and fresh fat by increasing fiber and carbohydrate 

digestibility (Vázquez-Anón and Jenkins, 2007).  

In in vitro rumen fermentation, Hou et al. (2013) reported that supplementing 

vitamin E at 2 mg/80 mL of incubation liquid increased in vitro rumen acetate and total 

SCFA production and decreased butyrate production. Naziroglu et al. (2002) observed 

that supplementing vitamin E at 0.8 mg/100 mL of incubation liquid increased acetate 

and propionate production. Hino et al. (1993) reported that adding β-carotene plus 

vitamin E (α-tocopherol) at 5 mg/mL, improved cellulose digestion at the presence of 

100 mg/L of safflower oil. 

However, no studies have assessed the effects of supplemental vitamin E in 

conjunction with high cottonseed levels in the cow's diet. It is unclear if supplementing 

vitamin E would be beneficial to rumen fermentation. 

 

 

2.6. FECES METHANE EMISSIONS AND ANAEROBIC DIGESTION 

 

 

Many factors as species, diet, storage temperature, type of storage and farming 

system can influence the production of CH4 from feces. Among these diet is the crucial 

factor for GHG emissions from feces. Various researches has shown that composition of 

http://www.sciencedirect.com/science/article/pii/S1871141316301548#bib12
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the diet fed to animals like concentrate, forage proportions, fat content, crude protein 

content and other feed supplements influenced CH4 emissions from feces (Nampoothiri 

et al. 2015). 

So far, many investigations have quantified feeding effects on enteric methane 

emissions, but few have measured dietary effects on feces-derived methane, and even 

fewer have simultaneously quantified both enteric and feces-derived methane (Ku et al. 

2002; Boadi et al. 2004; Hindrichsen et al. 2005; Mwenya et al. 2005). 

On pasture, methane formation in cattle feces is very low (Jarvis et al. 

1995) and it is often neglected when quantifying methane emission from feces (IPCC, 

1996). However, when stored anaerobically, feces can produce from 7 to 27% of total 

methane emission in ruminants (Ku et al. 2002; Hindrichsen et al. 2006) Therefore, it is 

globally seen as an important source of methane emission. 

One of the most common biological processes in nature is the production of 

biogas from organic matter in the absence of oxygen (Mata-Alvarez et al., 2000). 

Within an anaerobic digester, the process of converting organic matter into methane is 

broken down into 3 main steps. The first step is the acidogenesis that converts complex 

organic matter into intermediary products, primarily SCFA such as acetate, propionate, 

and butyrate. The organic matter is composed of a mix of lipids, proteins, and 

carbohydrates. Acidogenesis is completed by fermentative bacteria (Franco et al., 2007). 

After acidogenesis, acetogenic bacteria convert SCFA with more than 2 carbons to 

acetate, carbon dioxide and hydrogen gas and this step is called acetogenesis. Finally, 

methanogenic bacteria convert the acetate to methane. Methanogens are also able to 

convert hydrogen and carbon dioxide into methane. Approximately ¾ of the methane 

produced comes from the cleavage of acetic acid into methane and carbon dioxide 

(FAO, 1997). 

First one, Hashimoto et al. (1981) reported that when diet changed from 92% 

to 7% forage there was an increase in CH4 emissions per unit of volatile solids in bovine 

feces. Lodman et al. (1993) compared feces from feedlot steer receiving diets composed 

of forage only or a high grain diet (11% forage) and found seven times higher methane 

emissions per unit of organic matter in feces originating from the latter diet.  

According to IPCC (2006), use of a lipid rich diet results in higher emissions of 

CH4 during the storage of feces than other diets. Kulling et al. (2002) supplemented 

dairy cows in early lactating with lauric acid (40 g/kg of DM), authors observed anti 

enteric methanogenic activity and found that feces of cows supplemented with lauric 
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acid had higher CH4 emissions as compared to those supplemented with stearic acid. 

Moller et al. (2012) also observed higher CH4 values using high fat concentrate (rape 

seed) when compared to low fat concentrate (maize).  

Nonetheless, most dietary strategies designed to mitigate enteric methane 

remains still unclear whether feces-derived methane facilitates mitigation, is neutral or 

even compensates for achievements made in the digestive tract of the ruminants 

(González-Avalos et al. 2001). 

Anaerobic digestion has proved to be an effective technology to feces 

treatment due capacity in biodegradable organic matter with high moisture, 

carbohydrate, lipid and protein contents. In addition, anaerobic digestion can recover the 

feces energy content in the form of methane (Zhang et al. 2014).  

The biochemical methane potential (BMP) tests are a widely accepted protocol 

for estimating methane yield from feces. Thus, studies about feces methane emissions 

from different diets are important information to support GHG inventory.    
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3. NUTRIENTS DIGESTIBILITY AND CHANGES IN THE INGESTIVE 

FEEDING BEHAVIOR OF COWS FED COTTONSEED AND VITAMIN E 

 

 

Abstract: High lipid concentration on ruminant diets often impairs nutrients 

digestibility and feed intake. A protected lipid source and an antioxidant additive can be 

an alternative to improve diet energy without disadvantage for the animal production. 

The objective of this study was to evaluate the dry matter intake (DMI), nutrient 

digestibility and feeding behavior of cows fed cottonseed and vitamin E. Six 

cannulated, non-pregnant, nonlactating cattle were distributed in a replicated 3 x 3 Latin 

Square design. Treatments were: 1) Control, 2) CS: 30% cottonseed included; 3) 

CSVitE: 30% cottonseed plus 500 IU VitE included. Data were analyzed by SAS (v9.3) 

and the significance was declared at P≤ 0,05. Results were compared through 

orthogonal contrasts, where contrast 1: control vs. CS and VitE, and contrast 2: CS vs. 

CSVitE. Diets with cottonseed had 17% greater digestibility of ether extract and 9% 

lower digestibility of non-fibrous-carbohydrates compared to the control. Cows from 

treatments with cottonseed spent 13% higher time eating, 48% more ruminating, 34% 

more chewing and 17% lower time in idles compared to the control. Ruminal solid mass 

was 26% higher and ruminal total mass was 8% higher for diets with cottonseed 

compared to the control. Including cottonseed in a diet at 30% had positive effects on 

feeding behavior it was enough to avoid reductions in the DMI or nutrient digestibility. 

The inclusion of vitamin E had no effect on ruminal fermentation, nutrient digestibility 

and feeding behavior, so it is not recommended their use due the absence of favorable 

results. 

 

Keywords: Antioxidant, lipid, pH, ruminal kinetics 

 

 

3.1. INTRODUCTION 

 

 

Feeding behavior is a highly relevant tool to evaluate diets because it provides 

feed management of animals for better production (Cavalcanti et al. 2008). Daily 

activities are characterized by three basic types of behavior: feeding, rumination and 
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idleness, and their duration and distribution may be affected by diet, management and 

climatic conditions (Fisher et al. 1997). Feed intake is a function of both meal size and 

meal interval, it is determined by satiety and hunger and can influence feed digestion 

and rate through the gastro-intestine tract (Allen, 2000).  

Adding lipids to cattle affects the nutrients ruminal digestion and ruminal 

disappearance rate, which could affect ruminal digestive pool size and rumination 

activity (Harvatine and Allen, 2005). In addition, a decrease in the feed intake due to the 

liberation of fatty acids that act as a physiological signal to decrease meal size or 

increase meal interval (Harvatine and Allen, 2006) can be observed when lipid are 

included. 

Oil in seeds is stored intracellularly, and the lipid release depends on the 

digestion and breakdown of the cell wall, which leads to a slower release compared with 

feeding oil directly (Steele et al. 1971). A protected lipid has less negative effects on 

ruminal fermentation and nutrient digestibility (Litherland et al. 2005; Kazama et al. 

2010; Côrtes et al. 2011).  

Cottonseed is a source of protected lipid that gather high concentration of oil, 

protein and fiber (Pesce, 2008), these nutrients are important for the ruminants and it 

explain their utilization for the cows. However, the inclusion of lipid can have use 

limited by possibility of unsaturated fatty acids in suffer lipid peroxidation (Zakrys et al. 

2008). Dietary lipids such as supplemental oil or oilseeds, if not stabilized, can be 

significant contributors to the load of free radicals in the animal (Andrews et al. 2006). 

In addition, a small amount of oxygen may go to the rumen with saliva, feeds, drinking 

water and diffusion from blood into rumen, it has as consequences a release free 

radicals in the rumen (Wey et al. 2015). 

A main way to reduce or prevent lipid peroxidation is through the use of 

antioxidants. In recent years, supplemental vitamin E in the diet of ruminants has been 

studied for its potential role in (Bloomberg et al. 2011). 

Generation of free radicals can damage cells and can impair in the animal 

production (Miller and Brezeinska-Slebodizinska, 1993). Therefore, supplementing 

vitamin E to relieve oxidation effects from free radicals could be beneficial to rumen 

microbes and consequently improve rumen fermentation, nutrient digestibility and it 

could change feeding behavior (Wey et al. 2015). 
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To ascertain this, an experiment was designed to study the effects of cottonseed 

and vitamin E inclusion in the diets of cow on nutrient intake, digestibility and 

excretion, ruminal dynamics and feeding behavior. 

 

 

3.2. MATERIAL AND METHODS 

 

 

3.2.1. Study location and ethical issue 

 

 

The study was conducted at the University of Sao Paulo, Pirassununga, Brazil. 

The experiment was approved by and complied with the guidelines set out by the Ethics 

Committee in the Use of Animals of the University of São Paulo, under application 

number nº 009/2013, in respect to animal experimentation and care of animals used for 

scientific purposes. 

 

 

3.2.2. Animal, housing and feeding  

 

 

Six Holstein cows, not pregnant and non-lactating, with rumen fistula and 

mean body weight of 876 kg (±16.1) were arranged in individual pen with free access to 

water and sand bedded. Animals were fed ad libitum twice daily (08h00 and 16h00). 

Feed was weighed daily and offered to each animal after orts from the previous day had 

been removed. The vitamin E amount was weighted daily to offer 500 IU per animal per 

day. Orts were recorded once daily, before feeding, and the feeding rate was adjusted to 

yield orts on the basis of at least 5% of the amount supplied (on an as-fed basis). The 

animals were weighed individually on the initial and final day of each experimental 

period. 

 

 

 



31 
 

3.2.3. Experimental design and treatments 

 

 

Animals were arranged in a replicated 3 x 3 Latin Squared design with 3 

periods; each experimental period lasted 21 days. Three dietary treatments were as 

follows: 1) Control: diet without treatment; 2) CS: diet added with 30% of cottonseed 

and 3) CSVitE: diet added with 30% of cottonseed plus 500IU vitamin E. The vitamin E 

level was established according to Baldwin et al. (2010) and Montgomery et al. (2005). 

The vitamin E source was Lutavit E 50 BASF, with 50% alpha tocopheryl acetate. 

Vitamin E was weighed daily according to the amount of dry matter that would be 

offered. This was mixed and homogenized in the concentrate and offered to the animals. 

 The ingredient and chemical composition of the experimental diets are given 

in Table 1.  

 

Table 1.Ingredients and chemical composition of dietary treatments 

 
Dietary treatments 

Control CS CSVitE 

Ingredient    

Suggarcane bagasse, (g/kg DM) 134 134 134 

Cottonseed, (g/kg DM) - 304 304 

Ground corn grain, (g/kg DM) 572 281 281 

Citrous polp, (g/kg DM) 183 183 183 

Soybean meal, (g/kg DM) 81.7 81.7 81.7 

Minerals, (g/kg DM) 60 60 60 

Limestone, (g/kg DM) 40 40 40 

Urea, (g/kg DM) 137 27 27 

Vitamin E,(IU) - - 500 

Chemical composition    

DM, (g/kg) 891 910 910 

CP, (g/kg DM) 158 160 160 

EE, (g/kg DM) 26,1 76,9 76,9 

NDF, (g/kg DM) 234 357 357 

ADF,(g/kg DM) 171 265 265 

Lignin, (g/kg DM) 55,3 136 136 

Ca, (g/kg DM) 15,7 18,2 18,2 

P, (g/kg DM) 12,7 14,7 14,7 

Hemicellulose1, (g/kg DM) 63,0 92,0 92,0 

Cellulose2, (g/kg DM) 
115 136 136 

OM3, (g/kg DM) 829 845 845 
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NFC4, (g/kg DM) 525 328 328 

Gross energy, (Mcal/kg of DM) 4,15 4,27 4,27 

Vitamin E, (UI/kg) 514 507 507 

DM: dry matter; OM: organic matte;. CP: crude protein; EE: ether extract; NDF: neutral detergent fiber;  
ADF: acid detergent fiber; NFC: Non-fibrous carbohydrate; GE: gross energy; Mcal: mega calorie. 
1 Hemicellulose: NDF − ADF. 
2 Cellulose: ADF − Lignin. 
3OM: DM-mineral 
4 NFC: 100 − (CP + NDF + crude fat + ash). 

Font: Nogueira, 2017. 

 

 

3.2.4. Sampling schedule 

 

 

The trial consisted of three experimental periods, each lasting 21 days. The first 

10 days of each period were used for adaptation. The 15
th
 day was used for feeding 

behavior, and the 16
th
 was used for pH evaluation. The 11

th 
to 15

th
 days were used to 

obtain DMI. On the 11
th

 to 17
th 

days nutrient digestibility, using external marker and 

feces collection, was done. The 20
th

 to 21
th
 days were used for ruminal dynamic 

information. 

 

 

3.2.5. Feed intake 

 

 

Feed intake was determined between days 11 on 15 of each period by weighing 

feeds offered to and refused by the animals. During the feed intake determination, feed 

ingredients samples were collected and stored at −20 °C. Individual feed ingredients 

were composited in representative samples on an equal-weight basis. Pool samples was 

dried at 60°C (forced-air oven) for 48 h and ground to pass a 1-mm Wiley mill screen 

and analyzed for DM, CP, EE, NDF, ADF, lignin and gross energy. 
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3.2.6. Ruminal dynamics 

 

 

The last 2 days of each period, before morning feeding and 3 hours after 

morning feeding, ruminal content was manually removed according to Chilibroste et al. 

(2000). Ruminal content was separated, manually through a screen, in solid and liquid 

content. After that, these were weighed to determine total ruminal solid and liquid 

contents. Then, ruminal solid and liquid content were sampled. Immediately after this, 

ruminal content was replaced in the rumen. Solid and liquid samples were dried at 60°C 

(forced-air oven) for 72 hours to determine the dry matter of each compound. The solid 

and liquid volume was adjusted by dry matter. Starting ruminal solid and liquid mass 

was calculate according Robinson et al (1987): 

 

𝑆𝐷, 𝑔/𝑘𝑔. ℎ = 100 × 
DMI (kg.day)

Solid Mass (kg)
÷ 24 

 

𝑆𝐷, 𝑘𝑔/ℎ= Solid mass (kg) ×
𝑆𝐷 (%/ℎ𝑜𝑢𝑟)

100
 

 

Where:  

SD: solid disappearance rate. 

 

 

3.2.7. Feeding behavior 

 

 

Eating, ruminating and idleness activities, measured in minutes, were 

monitored visually over a 24-h period.  Animals were considered to be at eating activity 

(min/day) when they had the head in the feed bunk and were in contact with the diet. 

Rumination activity (min/day) included regurgitation, re-mastication, and re-

swallowing. Idles activity (min/day) included periods during which the animals slept, 

lay down, walked or stood idly. 
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Activities were noted every 5 min, and each behavior was assumed when this 

to persisted for the entire 5-min interval. Total chewing time was calculated as the sum 

of eating and ruminating time (Maekawa et al. 2002).  

A meal or bout was defined when a minimum sequence of two activities of the 

same behavior persisted. The total time spent eating, ruminating or idles, as min/day, 

was calculated by sum of activities over the day. Length, as min/meal or min/bout, was 

calculated by division between total time spent on each behavior (min) and how many 

meals or bouts the animals had over the day.  

DM or NDF content (%) was used to calculate the amount of DM and NDF 

eaten, ruminated or chewed. DM or NDF, when express as DM/min or NDF/min, were 

determined using total DM or NDF intake, ruminated or chewed (kg) divided by total 

time eating, ruminating or chewing (min). DM or NDF, when express as DM/bout or 

NDF/bout, were determined using total DM or NDF intake, ruminated or chewed (kg) 

divided by the number of eating, ruminating or chewing bouts per day, as described by 

Bürger et al. (2000). 

 

 

3.2.8. Nutrients digestibility 

 

 

Total apparent digestibility of nutrients was determined using chromium oxide. 

During days 7th to 11th external market was inserted into the rumen, via rumen fistula, 

to ensure a stable market concentration. During days 12th until 17th, 15 g/head/d 

indigestible marker was placed twice daily (08h00 and 16h00 before feeding) via rumen 

fistula.  Feces were collected, via rectal, twice daily, during days 12th until 17th at 

08h00 and 16h00 after feeding. A composite of 200g samples were then analyzed for 

chromium oxide concentration according to Conceição et al. (2007). Nutrient 

digestibility (%) was calculated as: 

 

𝐷𝑖𝑔𝑒𝑠𝑡𝑖𝑏𝑖𝑙𝑖𝑡𝑦 = 100 − (
𝑐ℎ𝑟𝑜𝑚𝑖𝑢𝑛 𝑖𝑛 𝑡ℎ𝑒 𝑑𝑖𝑒𝑡 ÷ 𝑛𝑢𝑡𝑟𝑖𝑒𝑛𝑡 𝑖𝑛𝑡𝑎𝑘𝑒 × 100

𝑐ℎ𝑟𝑜𝑚𝑖𝑢𝑛 𝑖𝑛 𝑡ℎ𝑒 𝑓𝑒𝑐𝑒𝑠
) × 100 
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Fecal output and nutrient excretion, express as kg (DM basis), was calculated as 

equation: 

 

𝐹𝑒𝑐𝑎𝑙 𝑜𝑢𝑡𝑝𝑢𝑡 =
(100 − 𝑛𝑢𝑡𝑟𝑖𝑒𝑛𝑡 𝑑𝑖𝑔𝑒𝑠𝑡𝑖𝑏𝑖𝑙𝑖𝑡𝑦) × 𝑛𝑢𝑡𝑟𝑖𝑒𝑛𝑡 𝑖𝑛𝑡𝑎𝑘𝑒

100
 

 

 

3.2.9. pH evaluation 

 

 

 
Ruminal pH was obtained using a data logger model T7-1 LRCpH, Dascor, 

Escondido, CA. Attached on data logger, 2 weighs of  900 grams each, were used to 

maintain the device in the position in the rumen ventral sacral. pH meters unit were 

calibrated to 7.0 and 4.0 pH before being put into the rumen. At 16th day, during 24 

hours, pH was measured each 10 minutes.  Data were uploaded in a computer and the 

Excel program was used to arrange data. 

 

 

3.2.10. Laboratory analyses  

 

 

Individual feed ingredients, orts and feces were collected in each period and 

composited in representative samples. Samples were dried at 60°C during 48 hours and 

milled through a one-mm screen using a Willey mill. The DM content was determined 

at 100°C for 4 h followed by cold weighing (method 930.15, AOAC, 1995). Nitrogen 

content was determined by the micro Kjeldahl method (AOAC, 1995) and then, it was 

multiplied by 6.25 to determine CP.  EE was determined using light petroleum ether in 

the Soxhlet apparatus (method 920.39, AOAC, 1995). GE was determined by 

combustion using an adiabatic calorimeter bomb according to AOAC (1995). NDF, 

ADF and lignin were determined using the sequential method with Ankom® Filter Bag 

technique and heat stable α−amylase (method 973.18, AOAC, 1995).  
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3.2.11. Statistical analyses 

 

 

The data were analyzed using the MIXED procedure of SAS (Statistical 

Analysis System, version 9.0) with animals inside period as the experimental unit. Data 

are presented as least squares means of standard error. The model included the fixed 

effect of treatment and random effect square, period, and animals within the square. 

These variables were analyzed using the following model:   

 

Yijkl = μ + Ti + Pj + Sk + Al(Sk )+e i j k ,  

 

Where:  

Yijkl = the dependent response variable  

μ = the overall mean 

Ti= treatment effect  

Pj = period effect  

Sk = square effect  

Al(Sk ) = animals within square effect  

e i j  = the residual error term.  

 

Non-significant (NS) was considered when P value was higher than 10%. 

Contrast statements were used to evaluate differences between means of 

Control vs CS plus CSVitE (C1) as well as between CS vs CSVitE (C2) treatments. 

Statistical significance was declared at P ≤0,05. 

 

 

3.3. RESULTS 

 

 

3.3.1. Nutrient intake, excretion and digestibility 

 

 

DM intake, expressed as kilograms per day, percentage of BW or g/kg 

metabolic weight (MW), were similar among treatments. Adding cottonseed to diets, 
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regardless of vitamin E inclusion, increased dietary intake EE (1.0 vs 0.32 gk) NDF (4.6 

vs.2.76 kg) and ADF (3.4 vs. 1.9 kg) and decreased dietary intake by NFC (4.4 vs. 7.9 

kg) when compared to the control. OM, CP and GE intake were not affected by 

cottonseed or vitamin E inclusion (Table 2).   

In relation to nutrients excretion, dry matter, crude protein, ether extract, 

organic matter, non-fiber-carbohydrates and gross energy had similar excretion. 

Animals fed with cottonseed excreted higher NDF (1.9 vs. 1.4 kg) and ADF (1.6 vs.1.1 

kg), when compared to the control (Table 2).  

Cottonseed inclusion improved the digestibility of EE (938 vs. 801 g/kg) and 

decreased digestibility of NFC (782 vs. 857 g/kg) when compared to the control. No 

effects were observed to digestibility of DM, CP, NDF, ADF, OM, TDN or GE (Table 

2). 

 

Table 2 - Nutrient intake and excretion, as well as apparent digestibility of cows fed dietary treatments 

 

 
Treatments  Probability 

Control CS CSVitE SEM C1 C2 

Daily feed intake       

DMI, (kg) 14,6 15,4 15,4 0,61 0,0649 NS 

DMI, (% BW) 1,66 1,74 1,74 0,05 0,0710 NS 

DMI, (g/kg BW) 90,6 95,1 95,2 2,85 0,0710 NS 

CP, (kg) 1,78 2,11 2,12 0,11 0,0750 NS 

EE, (kg)  0,32 1,01 0,99 0,08 0,0001 NS 

NDF, (kg) 2,76 4,70 4,63 0,31 0,0002 NS 

ADF, (kg) 1,97 3,44 3,39 0,23 0,0001 NS 

NFC, (kg) 7,98 4,46 4,51 0,49 0,0006 NS 

OM, (kg) 11,5 12,2 12,2 0,64 NS NS 

GE, (MJ) 2,11 2,45 2,45 0,28 NS NS 

Daily nutrient excretion       

DM, (kg) 3,67 4,02 4,06 0,19 NS NS 

CP, (kg) 0,48 0,56 0,54 0,03 NS NS 

EE, (kg) 0,06 0,05 0,06 0,003 NS NS 

NDF, (kg) 1,46 1,99 1,89 0,12 0,0395 NS 

ADF, (kg) 1,11 1,68 1,64 0,11 0,0047 NS 

NFC, (kg) 0,92 0,95 0,92 0,09 NS NS 

OM, (kg) 3,23 3,57 3,42 0,20 NS NS 

GE, (MJ) 0,27 0,28 0,28 0,009 NS NS 

Nutrient digestibility       

DM, (g/kg) 676 679 677 22,4 NS NS 

CP, (g/kg) 707 727 732 19,3 NS NS 
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EE, (g/kg)  801 942 935 19,0 0,0003 NS 

NDF, (g/kg) 478 558 575 36,7 0,0693 NS 

ADF, (g/kg) 421 487 493 44,4 0,0797 NS 

NFC, (g/kg) 857 781 783 17,1 0,0334 NS 

OM, (g/kg) 694 699 708 21,9 NS NS 

GE, (g/kg)  668 680 689 23,3 NS NS 

NDT2, (g/kg) 729 744 750 20,4 NS NS 

DMI: dry matter intake; BW: body weight; CP: crude protein: EE ether extract, NDF: neutral detergent 

fiber,NFC: no fiber carbohydrates; OM: organic matter; TDN: total digestible nutrients, GE: gross energy 

SEM: standard error of mean, BW: body weight, SEM= standard error of the mean; C1: contrast 1 (CS 

and CSVitE vs. control); C2: contrast 2 (CS vs. CSVitE); NS: non-significant (p> 0,10). 
BW0.75: metabolic of the body weight;  
2NDT: %CP(dig) + %CNF(dig) + %NDF(dig) + EE(dig)*2.25 

Font: Nogueira, 2017 

 

 

3.3.2. Feeding behavior 

 

Data referent to activities number, total time per activity over the day and mean 

time per activity are presented in Table 3. Eating activities number (meal/day) and time 

spent on each meal (min/meal) were similar among the treatments. On average, animals 

had 6.3 visits to the feedbunk per day and spent 34.1 minutes on each meal. However, 

cottonseed treatments spent higher time eating over the day when compared to the 

control (217 vs. 190.8 min).  

Animals fed cottonseed had greater ruminating number bouts per day (16.1 vs. 

14.1), spent more time in each rumination (26.8 vs. 20.6 min) and spent more time in 

rumination over the day (433.7 vs. 291.6 min) when compared the control diet. In 

addition animals fed cottonseed had a greater number of chewing bouts per day (22.9 

vs. 20.1), spent more time in each chewing (28.6 vs. 24.1 min) and spent more time 

over the day chewing (650 vs. 482 min) when compared to the control diet (Table 3) 

Idles number bouts per day were not affected by cottonseed or vitamin E. On 

mean, animals had 22 idles bouts per day. However, the animals fed with cottonseed 

spent less time in each idles (45.4 vs. 49.5 min) and spent less time in idles over the day 

(793 vs. 961 min) when compared to the control diet (Table 3) 

Animals fed CSVitE diet had higher number bouts of ruminating per day (17.1 

vs. 15.1) and spent smaller time in each idles bout (24.5 vs. 29.1 min) when compared 

to the CS diet (Table 3). 
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Table 3 - Meal, rumination, idles and chewing patterns of cows influenced by cottonseed and vitamin E. 

 

Treatments 
 

Probability 

Control CS CSVitE SEM C1 C2 

Eating 
      

Meal/day 6,00 6,83 6,16 0,31 NS NS 

Min/day 190,8 219,1 215,0 7,49 0,0031 NS 

Length, (min/meal) 32,4 33,1 36,9 1,79 NS NS 

Ruminating 
      

Bouts/day 14,1 15,1 17,1 0,63 0,0056 0,0452 

Min/day 291,6 437,5 430,0 22,1 0,0015 NS 

Bouts length, (min/bout) 20,6 29,1 24,5 1,27 0,0056 0,0452 

Idles 
      

Bouts/day 21,8 22,3 22,5 0,45 NS NS 

Min/day 961,6 788,3 799,9 23,0 0,0002 NS 

Bouts length, (min/bout) 49,5 45,9 45,0 1,80 0,0033 NS 

Chewing 
      

Bouts/day 20,1 22,0 23,8 0,66 0,0095 0,0858 

Min/day 482,5 656,6 645,0 22,8 0,0003 NS 

Bouts length, (min/bout) 24,1 30,0 27,3 0,96 0,0101 NS 

SEM: standard error of the mean; C1: contrast 1 (CS and CSVitE vs. control); C2: contrast 2 (CS vs. 

CSVitE); NS: non-significant (p> 0,10). 

Font: Nogueira, 2017. 

 

According to figure 1, animals fed with cottonseed spent over the day more 

time eating (15% vs. 13%) and ruminating (30% vs. 20%) and less time in idles (55% 

vs. 67%) when compared to the control (Fig. 1). 

 

Figure 1 – Time spent activities in percentage of the day for animals fed different diets. 

Bars means standard error 

 

 

 

 

 

 

 

Font: Nogueira, 2017 
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Eating, when expressed as DM.kg/min and DM.kg/bout, were not affected by 

cottonseed or vitamin E. Cottonseed treatments had a greater amount of NDF, when 

expressed and NDF.kg/min, (0.022 vs. 0.015 kg) when compared to the control. 

However, NDF when expressed as FDN/bout, it was similar among treatments (Table 

4).  

Ruminating activity, when expressed as DM.kg/min, was lower for animals fed 

cottonseed when compared to the control diet (0.036 vs. 0.050 kg). However, when 

expressed as DM/bout, no difference was observed among treatments. NDF ruminated, 

when expressed as NDF/bout, was higher for the cottonseed treatments when compared 

to the control (0.297 vs. 0.224 kg). No difference among treatments were observed for 

the NDF, when expressed as NDF.kg/min.  

Chewing activity, when expressed as DM.kg/min, DM/bout and NDF.kg/min, 

was not affected by cottonseed or vitamin E. Nonetheless, when expressed as 

NDF/bout, it was higher for the animals fed cottonseed when compared to the control 

(0.210 vs. 0.152 kg) (Table 4.) 

 

Table 4 - Effects of dietary cottonseed and vitamin E on cattle meal patterns 

  Treatment 
 

Probability 

 
Control CS CSVitE SEM C1 C 2 

Eating  
      

DM, (kg/min) 0,071 0,072 0,071 0,003 NS NS 

DM/bout, (kg) 2,326 2,386 2,630 0,179 NS NS 

NDF, (kg/min) 0,015 0,022 0,022 0,001 0,0001 NS 

NDF/bout, (kg) 0,518 0,729 0,803 0,057 0,0479 0,0029 

Ruminating 
      

DM, (kg/min) 0,050 0,036 0,036 0,003 0,0433 NS 

DM/bout, (kg) 1,006 1,058 0,891 0,077 NS NS 

NDF, (kg/min)  0,011 0,011 0,011 0,001 NS NS 

NDF/bout, (kg) 0,224 0,323 0,272 0,022 0,0309 NS 

Chewing 

DM, (kg/min) 0,028 0,024 0,023 0,001 0,0856 NS 

DM/bout, (kg) 0,686 0,724 0,656 0,046 NS NS 

NDF, (kg/min)  0,006 0,007 0,007 0,001 NS NS 

NDF/bout, (kg) 0,152 0,221 0,200 0,014 0,0050 NS 

DMI: dry matter intake; NDF: neutral detergent fiber; DM: dry matter; SEM: standard error of the mean; 

C1: contrast 1 (CS and CSVitE vs. control); C2: contrast 2 (CS vs. CSVitE).; NS: non-significant (p> 

0,10). 

Font: Nogueira, 2017. 
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3.3.3. Ruminal dynamics 

 

 

Ruminal solid mass (11 vs. 8.3 kg) and ruminal total mass (62 vs. 57 kg) were 

greater for the animals fed cottonseed when compared to the control. When ruminal 

mass was expressed in relation to body weight, animals fed with cottonseed had 30% 

greater ruminal solid mass (12 vs. 9.7 g/kg) when compared to the control diet. Solid 

disappearance rate was lower when expressed as a percentage per hour (58 vs. 73 

g/kg.hour) and greater when expressed as a kilogram per hour (0.66 vs. 0.60 g/kg), for 

animals fed cottonseed when compared to the control diet (Table 5). 

 

Table 5 - Ruminal liquid, solid and total content, as well as solid disappearance rate of cattle fed 

cottonseed or vitamin E 

  Treatments 
 

Probability 

 
Control CS CSVitE EPM C1 C2 

RLM, (kg) 49,4 52,2 50,9 1,70 NS NS 

RSM, (kg) 8,29 10,8 11,2 0,45 0,0003 NS 

RTM, (kg) 57,7 63,0 62,1 1,97 0,0490 NS 

RLMBW,(g/kg) 57,7 59,5 58,4 1,60 NS NS 

RSMBW, (g/kg) 9,70 12,5 12,8 0,50 0,0009 NS 

RTMBW, (kg) 67,4 72,0 71,3 1,90 NS NS 

RSD (g/kg/hour) 73.3 59.4 57.2 2.80 0.0068 NS 

RSD, (kg/hour) 0.60 0.66 0.66 0.02 0.0030 NS 

RLM: ruminal liquid mass, RSM: ruminal solid mass, RTM: ruminal total mass, RLMBW: ruminal liquid 

mass in relation to body weight, RSMBW:  ruminal solid mass in relation to body weight, RTMBW: 

ruminal total mass in relation to body weight, RSD: ruminal solid disappearance rate; SEM: standard 
error of the mean; C1: contrast 1 (CS and CSVitE vs. control); C2: contrast 2 (CS vs. CSVitE); NS: non-

significant (p> 0.10). 

Font: Nogueira, 2017. 

 

 

3.3.4. pH evaluation 

 

 

Animals fed the cottonseed diet had higher mean (6.69 vs. 6.39), maximum 

(7,2 vs. 6.94) and minimum (6,15 vs. 5.83) ruminal pH levels than animals fed control 

diet. Animals fed cottonseed had lower pH time bellow 6,2 (84,3 vs. 410 min) when 

compared to the control. 
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Table 6.  Ruminal pH of non-lactating animals fed dietary treatments. 

  Treatments 
 

P value 

  Control CS CSVitE SEM C1 C2 

Ruminal pH 
      

Mean 6,39 6,77 6,62 0,07 0,0151 NS 

Maximum 6,94 7,26 7,14 0,06 0,0112 NS 

Minimum 5,83 6,26 6,05 0,09 0,0344 NS 

pH< 5,8 (min) 128,3 0,00 51,7 43,0 NS NS 

pH< 6,0 (min) 213,3 0,00 81,7 53,6 NS NS 

pH< 6,2 (min) 410,0 26,7 142 68,1 0,0275 NS 

SEM: standard error of the mean; C1: contrast 1 (CS and CSVitE vs. control); C2: contrast 2 (CS vs. 

CSVitE); NS: non-significant (p> 0,10). 

Font: Nogueira, 2017. 

 

 

3.4. DISCUSSION 

 

 

3.4.1. Nutrient intake, excretion and digestibility 

 

 

The negative effects of fat supplementation on DMI have been reported in 

some (Harvatine and Allen, 2006; Martin et al. 2008) but not in all studies (Johnson et 

al. 2002; Moate et al. 2011). The consequences of fat supplementation can be: 1) DMI 

remains unaffected and GE intake increases, due to a higher energy density; 2) DMI is 

reduced, but GE intake is unchanged and 3) DMI is reduced to the extent that the GE 

intake is also reduced (Grainger and Beauchemin, 2011). DMI was not affected in the 

present study (Table 2), indicating that the fat concentration in the diet was within the 

nutritionally acceptable range. In addition, GE intake not changed (Table 2) due to 

replacement to NFC from EE. 

The mechanisms of reduced DMI caused by lipid supplementation are related 

to the biohydrogenation process of unsaturated fatty acids in the rumen (NRC, 2001). 

Animals, fed the cottonseed diet, have a protected fat source within the seed coat, 

limiting its biohydrogenation via ruminal microbes (Baldwin and Allison, 1983). Whole 

oilseeds lessen the severity of digestive problems by encapsulation of fatty acids within 

their hard outer seed coat (Jenkins and Lundy, 2001). Then, it can be reasonable to 

assume that the cottonseed diets resulted in not enough free unsaturated fat within the 

http://www.sciencedirect.com/science/article/pii/S0022030213001045#bib0085
http://www.sciencedirect.com/science/article/pii/S0022030213001045#bib0135
http://www.sciencedirect.com/science/article/pii/S0022030213001045#bib0115
http://www.sciencedirect.com/science/article/pii/S0022030213001045#bib0115
http://www.sciencedirect.com/science/article/pii/S0022030213001045#bib0145
http://www.sciencedirect.com/science/article/pii/S0022030213001045#bib0075
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rumen and the ability of the microorganism to saturate the fatty acids wasn't exceeded. 

Hence, unsaturated fatty acids were not accumulated, resulting in a regular microbial 

digestion and DMI (NRC, 2001).  

Sullivan et al. (2004) are in agreement with the present study, these authors 

working with lactating Holstein fed with diets containing cottonseed with 3% to 12% 

fatty acids and they observed similar DMI. Data reported by Oliveira et al. (2007b) 

prove benefits of protected fatty acids. The authors evaluated the effects of different 

dietary lipid sources (soybean grain with 62,0 g/kg and soybean oil with 55,4 g/kg EE in 

the total diet) on intake in buffalo bulls fed a high-concentrate diet. They observed that 

lipids inclusion caused a reduction of DMI when the energy source was soybean oil. 

However, when soybean grain was evaluated, not affect for the DMI was observed.  

Forms of fat supplementation normally exert a negative effect on NDF 

digestibility to a different extent. The effect of fats on NDF digestibility depends on fat 

concentration, as well as type and nutrient composition of diets (Beauchemin et al. 

2008). In the present experiment a protected lipid by seed was used and, according Patra 

et al. (2013), fat supplementation in the form of oil seeds has less negative effect on 

fiber digestibility than oil supplementation. In a meta-analyze study, these authors noted 

that NDF digestibility was affected by forms of fat supplementation (oil seeds vs. oils) 

and concluded that digestibility of NDF was not different (P=0,11) when oil seed is 

supplemented, but it was lower (P=0,02) when oil was added.  

The effect of pH on fiber digestibility in the rumen has been extensively 

documented. Reduction in fiber digestion at low pH is likely the result of a reduction in 

the growth or activity of ruminal cellulolytic bacteria (Russell and Dombrowski, 1980, 

Grant and Mertens, 1992). According Strobel and Russel (1986), cellulose utilization 

decreased by 16% when the pH decreased from 6,7 to 6,0. The mean, minimum and 

maximum pH was higher than the control diet (Table 6) and it contributed to a better 

fiber digestibility.  

In the present study, animals fed cottonseed remained less time in idles and 

more time in ruminating than the animal fed control diet (Fig. 1). Hence, this was 

enough to assist the negative lipid effect on fiber digestibility and DMI.  

 

 

 

 

http://www.sciencedirect.com/science/article/pii/S0377840114003964#bib0205
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3.4.2. Feeding behavior 

 

 

Cottonseed or vitamin E had no effect on eating rate (kg/min) and eating size 

(bouts/kg) (Table 4). In spite of cottonseed treatments had spent more time eating and 

be expected that these cows had lower intake in DM per minute, difference in the eating 

time (Table 3) was not enough to change the eating rate, when express as kg/min. 

Higher NDF intake (Table 2) in cottonseed treatments was responsible for higher NDF 

eating rate, when express as NDF.kg/min and NDF/bout. 

As expected, ruminating rate, when express in DM.kg/min, was lower for the 

cottonseed treatments, once cows fed cottonseed spent more time ruminating than 

control (Table 3). In spite of cottonseed treatment had higher numbers of bout per day 

(Table 3), it would be expected that these cows had lower DM ruminated per bout, but 

the difference in the ruminating activities was not enough to change ruminating rate, 

when express as DM/bout.    

With the higher NDF intake for the cottonseed treatments (Table 2) it would be 

expected these cows had a higher NDF ruminated and chewed per minute. However, 

cottonseed treatments spent more time ruminating and chewing (Table 3) and it 

canceled the difference among treatments for the NDF intake per minute. For the 

NDF/bout, as expected, cottonseed treatments had higher NDF ruminated and chewed 

per bout, once these animals had a higher NDF intake. In spite of cottonseed treatments 

had higher ruminating and chewing activity numbers it was not enough cancel out the 

higher NDF intake. 

In spite of cottonseed treatments spent higher time chewing and had higher 

numbers of chewing over the day, it was not enough to change DMI per minute and DM 

per bout. 

Animals have an occurring daily pattern of feed intake (DeVries et al. 2003b) 

with higher and lower levels of intake, rumination and idles across the day (Tolkamp et 

al. 2000). Regardless of treatments, the animals had the same behavior pattern, spending 

most of the time in idles, followed per rumination and eating (Fig. 1). Cottonseed 

addition increased total eating and ruminating time (Fig. 1), reflecting in the increase 

time to chewing and decrease idles time. The results are consistent with Iraira et al. 

(2013) who observed that heifers fed cottonseed had spent more time eating, ruminating 

and chewing than heifers fed barley straw. Clark and Armentano (1993) confirmed this, 
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when cottonseed was compared to alfalfa haylage in lactating dairy animals fed a diet 

with a 30:70 forage to concentrate ratio, both diets had similar feeding behavior. 

Eating, ruminating and idles distribution patterns over 24 h were similar among 

treatments (Fig. 2). Eating total time over the day, 89%, 88% and 91% was performed 

during the diurnal period (06h00 to 18h00) for the control, CS and CSVitE, 

respectively. Ruminating activity was prevalent during the night period (18h00 to 

06h00), corresponding to 70%, 61% and 62% of ruminating total time for the control, 

CS and CSVitE, respectively. Idles was well divided between day and night, once 54%, 

54% and 54% total idles time was performed during the night for the control, CS and 

CSVitE, respectively (Fig. 2). 

In fact, eating peaks occurred after fresh food was placed in front of the 

animals at 08h00 and 16h00 (Fig. 2), regardless of cottonseed or vitamin E inclusion, 

even if food remained in the manger from the previous feed. Total time eating, 36%, 

31% and 32%, was spent in two hours, after feeding morning (08h00 to 10h00), for the 

control, CS and CSVitE respectively. Two hours after feeding afternoon (16h00 to 

18h00), cows spent 29%, 28% and 31% of the total time eating for the control, CS and 

CSVitE. Thus, two hours after each feeding (08h00 to 10h00 and 16h00 to 1800) 

corresponded to 65%, 59% and 63% of the total time eating over the day for the control, 

CS and CSVitE, respectively. Our data are similar to those observed by Dürst et al. 

(1993). According to these authors, offering fresh feed is a strong stimulus for feeding, 

resulting in around 70% of the daily total proportion of intake being consumed 

immediately after offering.  

 

 Figure 2 - Cumulative time eating (A), ruminating (B) and in idles (C) over 24 hours 

for cattle fed cottonseed and vitamin E. 
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Fonte: Nogueira, 2017. 

 

 

3.4.3. Ruminal dynamics 

 

 

Ruminal solid and liquid mass data obtained in the present study are in 

agreement with Reynolds et al. (2004). These authors reported, on mean, ruminal solid 

mass of 8,5 kg with variations from 7,1 to 10,3 kg and liquid mass, on mean, 52,6 kg 

with variations from 48,9 to 57,7 kg. Patra et al. (2011) observed minimum liquid mass 

of 48,8 kg and maximum of 66,0 kg. For the ruminal solid mass, minimum was 4,9 kg 

and maximum was 11,4 kg, and for the total mass the minimum was 50,3 kg and 

maximum was 77,4 kg.  

Higher solid mass and hence total mass in the animals fed with cottonseed 

likely is due to higher fiber content in their diets. Higher fiber content resulted in more 

ruminating time (Fig. 1). Thus, feed was kept more time inside the rumen, resulting in 

more solid mass. 

Ruminal solid disappearance rate, when express as kg/hour, was higher due 

higher ruminal solid mass inside the rumen of animals fed cottonseed compared to the 
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control. However, ruminal solid disappearance, when express as %/hour, was lower for 

the cottonseed treatments when compared to the control. 

 

 

3.4.4. pH evaluation 

 

 

In the present study, replacing from starch to fat explains the higher pH of 

cottonseed when compared to the control diet, as showed in the figure 3.  

 

Figure 3 - Ruminal pH for diferentes dietary treatments over 24 hours. 

 
Fonte: Nogueira, 2017. 

 

Dietary content of NFC was reduced by 197 g/kg of DM in the cottonseed 

diets. Increased ruminal pH on CS and CSVitE reflected lesser NFC available in the 

rumen for the fermentation. In addition, the highest ruminal pH from the cottonseed diet 

may be partially explained by higher NDF content and it consequences on ruminating 

and chewing frequency. According Beauchemin et al. (2008), NDF is a stimulant for the 

ruminating and chewing, thus more saliva was produced and improvement in the buffer 

capacity in the rumen was observed. 
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3.5. CONCLUSION 

 

 

Cottonseed is a recommended source of protected lipid for cattle when the 

objective is to provide high lipid concentrations in the diet. Their inclusion has positive 

consequences for the ingestive behavior and does not cause losses of DMI and fiber 

digestibility. Vitamin E is an additive that has no effect on the digestibility of nutrients 

and ingestive behavior of the animals, thus their use is not recommended due to the 

additional cost and absence of favorable results. 
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4. METHANE MITIGATION AND CHANGES IN THE RUMINAL 

FERMENTATION AND ENERGY RELEASE IN THE 

GASTROINTESTINAL TRACT OF COWS FED COTTONSEED AND 

VITAMIN E 

 

Abstract: Methane (CH4) production by ruminants is a consequence of the digestive process 

and it represents energy losses for the animal. Lipids are used to improve diet energy content. 

High lipids level can have undesirable consequences for ruminant and their products. 

Antioxidant sources can cancel out or minimize these effects. Thus, evaluation of ruminal 

parameters, such as methane and short chain fatty acids (SCFA) production, in addition to 

energy release in gastrointestinal tract caused by different diets, are valuable information. Six 

cannulated cows were distributed in a replicate 3x3 Latin square. Treatments were: 1) control 

diet; 2) CS: basal diet plus 30% cottonseed and 3) CSVitE: basal diet plus 30% of cottonseed 

plus 500 UI of vitamin E. Results were compared through orthogonal contrast. Methane, SCFA 

and ammonia nitrogen (N-NH3) were analyzed using ex situ ruminal fermentation technique, in 

addition to estimative of energy release in the gastrointestinal tract. Cottonseed inclusion 

reduced enteric methane emissions in 42,3% compared to the control. Ruminal reduction in the 

production of acetate was 33,8%, butyrate was 47,2%, total SCFA was 29,1% and the acetate 

propionate production ratio was 36,1% for cottonseed treatments compared to the control. 

Energy release in the rumen (Mcal/ani/d) as methane and butyrate was reduced to 26,2% and 

30% respectively. On the other hand, propionate and intestine energy release (Mcal/ani/d) was 

increased in 42,8% and 50,3% for cottonseed treatments compared to the control. Including 

30% of cottonseed in cattle diet reduces rumen fermentation and changes the place where 

energy is released. Cottonseed is a nutritional strategy to mitigate methane; furthermore, it has 

positive effects on SCFA production. The use of vitamin E did not result in improvements in 

ruminal fermentation, thus so their use is unfeasible. 

Keywords: Enteric methane, short chain fatty acids, lipids, antioxidant. 

 

 

4.1. INTRODUCTION 

 

 

Enteric methane emissions from cattle supply chains are problematic with 

respect to the energy utilization efficiency of feed. According to Buddle et al. (2011), 

5% to 9% of gross energy consumed by animals is lost as methane,  in addition there is 
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an environmental impact due to such emissions  According to Geber et al. (2013), cattle 

are responsible for 14.5% of anthropogenic GHG´s and 25% of the methane emissions 

from human activities. 

A big challenge in the ruminant production system is to develop diets and 

management systems that minimize methane emissions in order to allow lower energy 

losses and then, improve feed efficiency and animal productivity (Nardone et al. 2010). 

The addition of lipids in the diet is an option recognized to reduce enteric 

methane emissions. The influence of lipids in methane emissions, digestibility and 

rumen fermentation vary between studies, which may be associated with the type and 

concentration of fatty acids in the diet (Grainger & Beauchenin, 2011).  

Cottonseed is often used in ruminant feed by presenting a high concentration of 

oil, protein and fiber. Few foods can gather these nutrients in high concentrations and 

present high fiber degradability such as cottonseed (Pesce, 2008). 

The inclusion of lipids can have their use limited by the possibility of 

unsaturated fatty acids  suffer lipid peroxidation, mainly with the peroxidation of cattle 

products, as meat and milk, and can accelerate myoglobin oxidation, with losses of 

physical, chemical and sensory characteristics (Zakrys et al. 2008).  

A main way to reduce or prevent lipid peroxidation is through the use of 

antioxidants, and generally substances or conditions with preventive oxidation 

properties. In recent years, supplemental vitamin E in the diet of ruminants has been 

studied for its potential role in preventing lipid peroxidation, giving stability to lipid 

deposits and improving the resistance to oxidation (Bloomberg et al. 2011).  

Rumen environment is relatively free of oxygen and suitable for the 

colonization and growth of rumen microbes which are anaerobes. However, a small 

amount of oxygen, which is harmful to rumen microbes, may go into the rumen with 

saliva, feeds, and drinking water and diffuses from blood into rumen (Wey et al., 2015). 

Therefore, supplementing vitamin E to relieve oxidation effects from free oxygen could 

be beneficial to rumen microbes and consequently feed digestion. In in vitro rumen 

fermentation, Hou et al. (2013) reported that supplementing vitamin E at 2 mg/80 mL 

incubation liquid increased in vitro rumen acetate and total SCFA production and 

decreased butyrate production. 

The objective of this study was to evaluate the effect high level of cottonseed 

inclusion and the presence or absence of vitamin E on methane and SCFA production, 

as well as evaluate the energy release in the gastrointestinal tract of cows. 
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4.2. MATERIAL AND METHODS 

 

 

4.2.1. Study location and ethical issue 

 

 

The study was conducted at the University of São Paulo, Pirassununga, Brazil. 

The experiment was approved by and complied with the guidelines set out by the Ethics 

Committee in the Use of Animals of the University of São Paulo, under application 

number nº 009/2013, in respect to animal experimentation and care of animals used for 

scientific purposes. 

 

 

4.2.2. Animals, housing and feeding 

 

 

Six Holstein dairy cows, not pregnant and non-lactating with rumen canula and 

average body weight of 876 kg (±16,1), were arranged in individual pens with free 

access to water and sand bedded. Cows were fed ad libitum twice daily (0800h and 

1600h). The feed was weighed daily and offered to each animal after the feed residue 

from the previous day had been removed. The vitamin E amount was weighted daily to 

offer 500 IU per animal per day, and it was offered combined with the concentrate. 

Vitamin E was weighed daily according to the amount of dry matter that would be 

offered. This was mixed and homogenized in the concentrate and offered to the animals. 

 

 

 

4.2.3. Experimental design and treatments 

 

 

Replicated 3 x 3 Latin squared design with 3 periods was used. Three dietary 

treatments were as follows: 1) control diet, 2) CS: cottonseed diet and 3) CSVitE: 

cottonseed diet plus vitamin E diet. The fatty acids and cottonseed level in the diet was 

established according to Andrade et al. (2010). The vitamin E level was established 
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according Baldwin et al. (2010) and Montgomery et al. (2005). The vitamin E source 

was Lutavit E 50 BASF, with 50% alpha tocopheryl acetate. Vitamin E was weighed 

daily according to the amount of dry matter that would be offered. This was mixed and 

homogenized in the concentrate and offered to the animals. 

The ingredient and chemical composition of the experimental diets are 

presented in Table 1.  

 

 

4.2.4. Sampling Schedule 

 

 

The trial consisted of three experimental periods; each one lasted 21 days. The 

first 10 days of each period were used to diet adaptation. The days between the 11
th
 to 

the 15
th
 were used to measure feed intake. The days between the 11

th
 to the 17

th
 were 

used to measure DM digestibility and collect feces. The 18
th
 day was used to collect 

rumen content. The 20
th
 to 21

th
 days the rumen was emptied and the solid mass was 

evaluated.  

 

 

4.2.5. Feed intake 

 

 

Feed intake was determined during the 11
th 

to 15
th 

days of each period by 

weighing feeds offered to and refused by the cows. Refusal was recorded once daily and 

the feeding rate was adjusted to yield orts on the basis of at least 10% of the amount 

supplied (on an as-fed basis) 

 

 

4.2.6. Ruminal empting 

 

 

The last 2 days of each period, before morning feeding and 3 hours after 

morning feeding respectively, ruminal contents were manually removed according 

Chilibroste et al. (2000). Using a strainer, ruminal contents were separated in solid and 
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liquid content, and then they were weighted and sampled. Immediately after that, 

ruminal contents were replaced back in the rumen. The solid and liquid samples were 

dried at 60°C (forced-air oven) for 72 hours, and dry matter content was determined. 

The solid and liquid mass was calculated using solid and liquid content weighted and 

adjusted by dry matter content. 

 

 

4.2.7. Dry matter digestibility and fecal output 

 

 

Dry matter digestibility and fecal output were determined using chromium 

oxide. During days 11
th
 until 17

th
, 15 g/head/day of indigestible marker was placed 

twice daily (800h and 1600h before feeding) via rumen fistula. Feces were manually 

collected twice per day via the rectum from the 14
th
 until 18

th
 at 800h and 1600h after 

feeding. A composite of 200g samples were then analyzed for chromium oxide 

concentration according to Conceição et al. (2007). DM digestibility, expressed as 

percentage, was calculated using the chromium concentration in the diet and chromium 

concentration in the feces using the equation:  

 

𝐷𝑖𝑔𝑒𝑠𝑡𝑖𝑏𝑖𝑙𝑖𝑡𝑦 = 100 − (
𝑐ℎ𝑟𝑜𝑚𝑖𝑢𝑛 𝑖𝑛 𝑡ℎ𝑒 𝑑𝑖𝑒𝑡 ÷ 𝐷𝑀𝐼 × 100

𝑐ℎ𝑟𝑜𝑚𝑖𝑢𝑛 𝑖𝑛 𝑡ℎ𝑒 𝑓𝑒𝑐𝑒𝑠
) × 100 

 

Fecal output, expressed as kg (DM basis), was calculated as: 

 

𝐹𝑒𝑐𝑎𝑙 𝑜𝑢𝑡𝑝𝑢𝑡 =
(100 − 𝐷𝑀 𝑑𝑖𝑔𝑒𝑠𝑡𝑖𝑏𝑖𝑙𝑖𝑡𝑦) × 𝐷𝑀𝐼

100
 

 

 

4.2.8. Methane and SCFA production 

 

 

Ruminal contents samples were collected on 18
th

 day of each period through 

the ruminal cannula at 0, 3, 6, 9 and 12 h after the morning meal. On this day, animals 

were fed once in the morning. The evening meal was offered only after the collection of 
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the 12 h sample. Approximately 300mL of rumen fluid (using a motorized vacuum 

pump) and 300g of solid content (with hands) were collected, at each sampling time 

from three different parts of the rumen (dorsal sac in the front, middle and back).  

The two fractions were mixed in the proportions of 66% liquid phase and 33% 

solid phase and homogenized before preparation for analysis of SCFA, CH4 and NH3-N 

with the ex situ ruminal fermentation technique (Rodrigues et al., 2012).  

Each time, four bottles were prepared; two bottles were used for incubation 

(T30) and two of them were used as a blank (T0). The mixed rumen contents (30 mL) 

were pressed through a funnel into a 50 mL capacity bottles. After that, the bottles were 

capped with rubber corks and sealed with an aluminum seal. Then the bottles were 

washed with CO2 by means of needles for input and output to ensure an anaerobic 

environment. After 30 minutes incubation, fermentations were blocked by autoclaving 

(pressure and temperature for 15 minutes). 

The measurements of total gas volume produced in incubated (T30) and not 

incubated bottles (T0) was done using a pressure transducer (Datalogger Universal
®
 - 

logger model AG5000) connected to a syringe with a needle. The gas volume was 

obtained by the sum between the volume obtained at the transducer plus the head space. 

The determination of CH4 concentration was performed by gas chromatography 

(Thermo Scientific
®
, Schimadzu model - GC), injecting 0.5 mL of gas from each bottle, 

according to Kaminski et al. (2003) in a controlled temperature environment (25°C).  

The volume of liquid within the incubated (T30) and not incubated (T0) bottles 

was calculated as the difference between the weight of the bottle sample after drying in 

an oven with forced air circulation at 105°C for 24 hours and the weight of the bottles 

before the oven. The solid content of the bottles was obtained by the weight difference 

between the bottle containing the sample after drying in oven and the weight of the 

empty bottle (before filling with ruminal content sample). For SCFA analyses, that 

included acetate, propionate and butyrate, a fraction of ruminal fluid from each bottle 

was centrifuged at 2,000 × g for 20 min, and 2.0 mL of the supernatant was added to 0.4 

mL of formic acid and frozen at –20°C for further analyses, according to Erwin et al. 

(1961). SCFA were measured by gas chromatography (Focus GC, Thermo Scientific
®

, 

West Palm Beach, FL) using a glass column with 1.22 m in length and 0.63 cm in 

diameter packed with 80/120 Carbopack B-DA/4% (Supelco, Sigma-Aldrich
®
, St. 

Louis, MO). 
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The quantification of CH4 production was obtained by multiplying the total 

volume of gas (mL) and the CH4 concentration in the gas phase (mmol/mL) obtained in 

the incubated bottle (T30), and then the result was subtracted from the value that was 

produced in the bottle not incubated (T0). The individual quantification of SCFA was 

obtained by multiplying the liquid volume (mL) and the concentration of each SCFA 

(mmol/mL) obtained in the incubated bottle (T30), and this value was also subtracted 

from that obtained on the bottle not incubated (T0). CH4 (2) or SCFA (3) production 

was obtained by the following formula:  

 

CH4Prod. = (𝑚𝑒𝑡ℎ𝑎𝑛𝑒 𝑐𝑜𝑛.× 𝑇𝑜𝑡𝑎𝑙 𝐺𝑎𝑠 𝑉𝑜𝑙. )𝑇30 − (𝐶𝐻4 𝑐𝑜𝑛.× 𝑇𝑜𝑡𝑎𝑙 𝐺𝑎𝑠 𝑉𝑜𝑙. )𝑇0 

 

Where:  

CH4 Prod.: methane production at the moment between ruminal content 

injection in the bottle and inactivation  

methane Con.: methane Concentration (mmol/mL)  

Total Gas Vol.: total gas volume was obtained by the sum between the volume 

obtained at the transducer plus the head space (mL)  

T30: incubation time of 30 min;  

T0: incubation time of 0 min (not incubated). 

 

SFCA Prod. = (𝑆𝐶𝐹𝐴 𝑐𝑜𝑛.× 𝑇𝑜𝑡𝑎𝑙 𝐿𝑖𝑞. 𝑉𝑜𝑙. )𝑇30 − (𝑆𝐶𝐹𝐴 𝑐𝑜𝑛.× 𝑇𝑜𝑡𝑎𝑙 𝐿𝑖𝑞. 𝑉𝑜𝑙. )𝑇0 

 

Where:  

SCFA Prod.: SCFA production at the moment between ruminal content 

injection in bottle and inactivation 

SCFA Con.: SCFA concentration (mmol/mL)  

Total Liq. Vol.: total liquid volume at penicillin bottle obtained by weight 

difference between before and after the oven (mL)  

T30: incubation time of 30 min 

T0 = incubation time of 0 min (not incubated). 

 

Thereafter, CH4 and SCFA production were expressed based on the solid 

content of the bottles (grams or kilograms). 



60 
 

After quantification of the fermentation products (CH4 and SCFA) of the 

sample contained in each bottle, each product was multiplied by its combustion heat in 

order to express the CH4 production in relation to the energy from the produced 

fermentation. Thus, the relative energy loss (REL) was the ratio between the energy in 

the methane produced and the energy sum in all the quantified fermentation products 

(CH4 and SCFA), expressed as a percentage. For this, literature data was used assuming 

that acetic, propionic, butyric, CH4 and CO2 had 3,49, 4,98, 5,96, 13,16 and 0.0 kcal per 

gram or 209,40, 368,52, 524,48, 210,56 and 0.0 kcal per mol, respectively. The relative 

energy loss was calculated using the formula: 

 

REL =
ℇCH4

ℇCH4+ℇC2+ℇC3+ℇC4

 

 

Where:  

REL.: relative energy loss (%)  

ℇCH4: methane energy (kcal/g or kcal/mol)  

ℇC2: acetic acid energy (kcal/g or kcal/mol)  

ℇC3: propionic acid energy (kcal/g or kcal/mol)  

ℇC4: butyric acid energy (kcal/g or kcal/mol) 

 

 

4.2.9. Ammonia nitrogen concentration and balance 

 

 

For NH3-N concentration determination, 2.0 mL of centrifuged sample of each 

bottle, after microbial inactivation, was mixed with 1 mL of 1 N of H2SO4 solution, and 

the tubes were immediately frozen until the colorimetric analyses, according to the 

method described by Kulasek (1972) and adapted by Foldager (1977). The balance was 

obtained subtracting NH3-N concentration after 30 min of incubation (T30) from the 

baseline (T0). With this procedure it is possible to evaluate whether the balance of 

ammonia production in the rumen is positive or negative. In this paper, this information 

was expressed in terms of changes in concentration (mg/dL) per hour. 
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4.2.10. Energy release estimative 

 

 

Gross energy intake (Mcal/ani/d) was calculated by multiplication of DMI (kg) 

and diet gross energy (Mcal/kg).  To calculate the energy release of acetate, propionate, 

butyrate and methane (Mcal/ani/d) in the rumen, these metabolite productions (g/kg/d) 

were respectively multiplying by combustion heat (Mcal/g), and then multiplying by 

ruminal solid mass (kg). 

Energy release in the rumen, when expressed in terms of %GEI or %DE, was 

obtained dividing acetate, propionate, butyrate and methane release (Mcal/ani/d) by 

gross energy intake (Mcal/ani/d) or digestive energy (Mcal/ani/d) and then, multiplying 

by 100. 

Methane release in the cecum and colon (C&C) was considered as 5% of total 

methane release. According to Dini et al. (2012), enteric methane is produced mainly in 

the rumen (95%) and, to a smaller extent (5%), in the large intestine. 

Energy release in the intestine (Mcal/ani/d) was calculated from gross energy 

intake (Mcal/ani/d) subtracting from acetate, propionate, butyrate and methane release 

in the rumen (Mcal/ani/d) plus feces gross energy (Mcal/ani/d) and methane release in 

the cecum and colon (Mcal/ani/d), following the equation: 

 

ERI = GEI − (C2 + C3 + C4 + feces GE + C&C methane) 

 

Where: 

ERI: energy release in the intestine (Mcal/ani/d)  

GEI: gross energy intake (Mcal/ani/d)  

C2: acetic (Mcal/ani/d)  

C3: propionic (Mcal/ani/d)  

C4: butyric (Mcal/ani/d)  

feces GE: energy release in the feces (Mcal/ani/d)  

C&Cmethane: methane release in cecum and colon (Mcal/ani/day). 
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Energy release in the intestine, expressed in terms of %GE or %DE, was 

obtained dividing energy release in the intestine (Mcal/ani/d) by GEI (Mcal/ani/d) or 

DE (Mcal/ani/d) and then, multiplying by 100.  

Energy release in feces, expressed in terms of %GEI, was obtained dividing 

feces energy content (Mcal/ani/d) by gross energy intake (Mcal/ani/d) and then, 

multiplying by 100.  

 

 

4.2.11. Laboratory analysis 

 

 

Briefly, pooled feed ingredients, as well feces samples, were collected and 

stored at −20 °C. Samples were dried at 60°C during 48 hours and milled through a one-

mm screen using a Willey mill. The DM content was determined at 100°C for 4 h 

followed by cold weighing (method 930.15, AOAC, 1995). Nitrogen content was 

determined by the micro Kjeldahl method (AOAC, 1995) and then, it was multiplied by 

6.25 to determine CP.  EE was determined using light petroleum ether in the Soxhlet 

apparatus (method 920.39, AOAC, 1995). GE was determined by combustion using an 

adiabatic calorimeter bomb according to AOAC (1995). NDF, ADF and lignin were 

determined using the sequential method with Ankom® Filter Bag technique and heat 

stable α−amylase (method 973.18, AOAC, 1995).  

 

 

4.2.12.  Statistical analysis 

 

 

The data were analyzed using the MIXED procedure of SAS (Statistical 

Analysis System, version 9.0). Cows, in each period, were considered the experimental 

units. Before the actual analysis, the data were analyzed for the presence of disparate 

information ("outliers") and the normality of residuals (Shapiro-Wilk). Individual 

observation was considered outlier when standard deviations in relation to mean was 

bigger than +3 or lesser than -3. 
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For the ruminal solid mass, gross energy intake and energy release data, the 

model used included the fixed effect of treatment and random effect square, period, and 

animals within the square. These variables were analyzed using the following model:   

 

Yijkl = μ + Ti + Pj + Sk + Al(Sk )+e i j k l  

 

Where: 

 Yijkl:  the dependent response variable 

 μ: the overall mean  

Ti: treatment effect  

Pj: period effect  

Sk: square effect  

Al(Sk ): animals within square effect  

e i j k l :  the residual error term. 

 

For the methane, SCFA and ammonia variables, data were analyzed using 

mixed models (PROC MIXED). Among 15 different covariance structures tested, the 

selected model was chosen based on the lower value of Corrected Akaike Information 

Criterion (AICC) (Wang and Goonewardene, 2004). In this model, the treatment, time 

and interaction treatment*time effects were considered fixed, and the effects of period, 

square and animal within square were considered random. These variables were 

analyzed using the following model:  

 

Yijklm = μ + Ti + Pj + Sk + Al(Sk ) + TI  +   (T i  ×TI   ) i j  +e i j k l m .  

 

Where:  

Yijklm: the dependent response variable  

u: the overall mean  

Ti: treatment effect  

Pj: period effect  

Sk: square effect  

Al(Sk ): cows within square effect  

TI :  t ime e f fect   

(T i   ×  TI) i j :  int er act io n e f fect   



64 
 

e i j k l m = the residual error term. 

 

Non-significant (NS) was considered when P value was higher than 10%. 

Contrast statements were used to evaluate differences between means: C1) 

Control vs. CS and CSVitE and C2) CS vs. CSVitE. Statistical significance was 

declared at P ≤ 0.05. 

 

 

4.3. RESULTS 

 

 

4.3.1. Ruminal parameters 

 

 

No effect was observed for the ammonia nitrogen in the 0 and 30 min. To the 

balance, in hours, animals feed vitamin E had a lower (0,85 vs. 1,99 mg/dL.hours) 

ammonia nitrogen balance compared to the animals feed without vitamin E (Table 7).  

Inclusion of cottonseed in the diet, regardless of vitamin E, decreased acetate 

and butyrate production when compared to the control diet. The propionate production 

was similar among treatments. Additionally, SCFA total production and 

acetate:propionate ratio was reduced by cottonseed supplementation compared to the 

control diet (Table 7).  

Feeding cows with cottonseed, regardless of vitamin E, decreased the methane 

production when compared to the control diet.  

Including cottonseed or vitamin E in diet did not affect the relative energy loss 

(REL) (Table 7). 

 

Table 7. Ruminal fermentation of non-lactating cows fed dietary treatments. 

  Treatments 

 

Probability 

 

Control CS CSVitE SEM C1 C2 Time T x Ti 

N-NH3, mg/dL/hour 

        T0 22,45 21,95 21,37 0,863 NS NS 0,001 0,0010 

T30 23,56 23,94 22,22 0,934 NS NS 0,001 0,0010 

Balance, hours 1,110 1,990 0,850 0,413 NS 0,0004 NS NS 

Acetate 

        T0, mmol/L 71,13 67,23 67,12 0,897 NS NS 0,0110 NS 
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T30, mmol/L 76,11 71,35 71,05 0,999 0,0211 NS 0,0009 NS 

mmol/g DM/h 0,146 0,099 0,093 0,008 0,0028 NS 0,0187 NS 

mol/kg DM/d 3,502 2,398 2,232 0,197 0,0028 NS 0,0187 NS 

g/kg DM/d 210,1 143,9 133,9 11,87 0,0028 NS 0,0187 NS 

EB, Mcal/kg/d 0,733 0,502 0,467 0,041 0,0028 NS 0,0187 NS 

Propionate 

        T0, mmol/L 15,25 20,75 20,94 0,499 0,0010 NS 0,0001 NS 

T30, mmol/L 16,80 22,74 22,92 0,553 0,0016 NS 0,0001 NS 

mmol/g DM/h 0,045 0,048 0,046 0,003 NS NS 0,0101 NS 

mol/kg DM/d 1,093 1,153 1,108 0,074 NS NS 0,0101 NS 

g/kg DM/d 80,94 85,35 82,01 5,514 NS NS 0,0101 NS 

EB, Mcal/kg/d  0,403 0,425 0,408 0,027 NS NS 0,0101 NS 

Butyrate 

        T0, mmol/L 12,71 9,346 9,129 0,293 0,0001 NS 0,0591 0,0756 

T30, mmol/L 14,20 10,35 10,03 0,324 0,0001 NS 0,0063 NS 

mmol/g DM/h 0,042 0,024 0,020 0,002 0,0001 NS 0,0194 NS 

mol/kg DM/d 1,030 0,583 0,503 0,048 0,0001 NS 0,0194 NS 

g/kg DM/d 90,72 51,36 44,30 4,228 0,0001 NS 0,0194 NS 

EB, Mcal/kg/d 0,540 0,306 0,264 0,025 0,0001 NS 0,0194 NS 

SCFA total 

        T0, mmol/L 99,09 97,34 97,19 13,30 NS NS 0,0048 0,0938 

T30, mmol/L 107,1 104,4 104,0 14,69 NS NS 0,0010 NS 

mmol/g DM/h 0,234 0,172 0,160 0,012 0,0054 NS NS NS 

mol/kg DM/d 5,627 4,135 3,844 0,293 0,0054 NS NS NS 

g/kg DM/d 381,8 280,6 260,2 19,60 0,0054 NS NS NS 

EB, Mcal/kg/d 1,677 1,233 1,139 0,084 0,0054 NS NS NS 

C2:C3 ratio 

        Concentration 4,766 3,294 3,349 0,098 0,0002 NS 0,0005 NS 

Production 3,607 2,193 2,413 0,172 0,0097 NS 0,0617 NS 

Methane 

        T0, mmol/bottle 0,039 0,0263 0,028 0,001 0,0001 NS NS NS 

T30, mmol/bottle 0,152 0,104 0,097 0,004 0,0003 NS 0,0001 NS 

mmol/g/h 0,114 0,069 0,063 0,003 0,0001 NS 0,0001 NS 

mol/kg/d 2,737 1,650 1,507 0,088 0,0001 NS 0,0001 NS 

g/kg/d 43,79 26,40 24,13 1,420 0,0001 NS 0,0001 NS 

EB, Mcal/kg/d 0,576 0,347 0,317 0,018 0,0001 NS 0,0001 NS 

REL, % 31,32 29,67 27,35 1,368 NS NS NS NS 

SCFA: short chain fatty acids; C2:C3 ratio: acetate to propionate ratio REL: relative energy loss; SEM: 

stand error of the mean; C1: contrast 1 (CS and CSVitE vs. control); C2: contrast 2 (CS vs. CSVitE); 
TxTI: interaction treatment time; NS: non-significant (p> 0,10). 

Font: Nogueira, 2017. 

 

No time x treatment interaction was observed among the variables, but time 

effect was significant (p<0.05). On average, SCFA total production was 234, 439, 315, 

287 and 262 g/kg DM to 0, 3, 6, 9 and 12 hours post feeding respectively. On average, 
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methane production was 23, 38, 34, 34 and 27 g/kg DM to 0, 3, 6, 9 and 12 hours post 

feeding (Fig.3) 

 

Figure 3.  Average SCFA total (fig. A) and methane (fig. B) production (g/kg DM) in 

hours post feeding. 

 

Font: Nogueira, 2017 

 

4.3.2. Energy partition 

 

 

No difference was observed for the dry matter intake, dry matter digestibility 

or dry matter excretion. Cottonseed inclusion, regardless of VitE had 32% higher 

ruminal solid mass when compared to the control treatment (Table 8). 

Propionate and intestine energy release when expressed as Mcal/ani/d were 

respectively 43% and 57% higher for the cows fed cottonseed when compared to the 

control diet. Butyrate and methane energy release when expressed as Mcal/ani/d were 

respectively 32% and 26% lower for the cottonseed treatments when compared to the 

control treatment. Acetate and feces energy release when expressed as Mcal/ani/d were 

similar among treatments (Table 8). 

Butyrate released when expressed as %GE (5,4% vs. 9,2%) and %DE (8,0% 

vs. 14%) was lower for the cottonseed treatments when compared to the control. 

Methane released when express as %GE (6,2% vs. 9,7%) and %DE (9,3% vs 15%) was 

lower for the cottonseed treatments when compared to the control. In the intestine the 

energy released when express as %GE (37,5% vs. 27,3%) and %DE (53,2% vs. 39%) 

was higher for the cottonseed treatments when compared to the control. Acetate and 
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propionate energy released when express as %GE and %DE were similar among 

treatments (Table 8). 

 

Table 8. Estimative of energy release in the gastrointestinal tract of cows feed different diets. 

  Treatments   Probability 

  Control CS CSVitE SEM C1 C2 

Dry matter intake, kg 14,6 15,4 15,4 0,61 0,0649 NS 

Dry matter digestibility, g/kg 676 679 677 22,4 NS NS 

Dry matter excretion, kg 3,67 4,02 4,06 0,19 NS NS 

Ruminal solid mass, kg 8,29 10,8 11,2 0,45 0,0003 NS 

Gross energy intake, Mcal/ani/d 50,5 58,7 58,6 3,12 NS NS 

Energy release in the rumen       

Acetate       

Mcal/ani/d 5,88 5,46 4,98 0,28 NS NS 

GE, % 11,9 9,88 9,39 0,96 NS NS 

DE, % 18,8 15,0 14,4 1,98 NS NS 

Propionate       

Mcal/ani/d 3,20 4,61 4,53 0,30 0,0343 NS 

GE, % 6,40 8,05 8,09 0,55 NS NS 

DE, % 9,82 12,2 12,2 1,06 NS NS 

Butyrate       

Mcal/ani/d 4,59 3,33 2,92 0,24 0,0033 NS 

GE, % 9,22 5,78 5,07 0,51 0,0002 NS 

DE, % 14,2 8,60 7,58 0,93 0,0021 NS 

Total SCFA       

Mcal/ani/d 13,6 13,4 12,4 0,51 NS NS 

GE, % 27,5 23,7 22,5 1,59 NS NS 

DE, % 42,8 35,9 34,2 3,37 NS NS 

Methane       

Mcal/ani/d 4,91 3,76 3,48 0,27 0,0013 NS 

GE, % 9,72 5,96 6,59 0,50 0,0005 NS 

DE, % 15,0 9,87 8,73 0,93 0,0031 0,0031 

Energy release in the intestine 

Mcal/ani/d 14,9 22,5 24,4 2,90 0,0405 NS 

GE, % 27,3 36,1 38,9 3,61 0,0239 NS 

DE, % 39,0 51,8 54,7 4,14 0,0161 NS 

Energy release in the Feces       

Mcal/ani/d 16,0 18,1 17,4 1,03 NS NS 

GE, % 33,3 31,9 31,0 2,33 NS NS 

GE: gross energy; ani: animal; DE: digestible energy; SEM: standard error of the mean; C1: contrast 1 
(CS and CSVitE vs. control); C2: contrast 2 (CS vs. CSVitE); NS: non-significant (p> 0,10). 

Font: Nogueira, 2017 
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4.4. DISCUSSION 

 

 

4.4.1. Ruminal parameters 

 

 

According to Doreau and Ferlay (1995), the ammonia concentration in the 

rumen is the result of nitrogen balance between entry sources (degradable feed N and N 

recycling) and outputs (incorporation into microbes, N absorption and ammonia N 

outflow). T0 correspond to ruminal N-NH3 concentration. In the present study, ruminal 

ammonia concentration was, on average, of 21.8 mg/dL. This concentration is suitable 

for the ruminal fermentation.  According to Leng (1990), NH3-N concentration should 

be greater than 10 mg/dL to maximize ruminal digestion, 

Ammonia concentration (T0) is in agreement with Patra et al. (2013). These 

authors, in a meta-analyzes study about lipid effects on ruminal parameters, observed N-

NH3 concentration of 12.9 mg/dL. Nonetheless, they observed high variability among 

analyzed studies, in a form in which the minimum concentration of N-NH3 was 

3.1mg/dL and the maximum was 34.5 mg/dL.  

However, according to Van Soest (1994), the optimum N-NH3 level cannot be 

a fixed value, because N-NH3 utilization by microorganism and consequently microbial 

protein production are dependent to carbohydrates fermentation rate (energy 

availability). Thus, Ex situ methodology can evaluate N-NH3 concentration available in 

the rumen for microorganism, and through incubation it is possible to determine the N-

NH3 amount after fermentation. 

After fermentation (T30), the N-NH3 concentration was, on average, 23.2 

mg/dL. Thereby, N-NH3 balance was positive, on average 1.31 mg/dL/hour. Positive 

balance is an indicative that the amount of N-NH3 in the rumen was enough for the 

microorganism growth and microbial protein production. High positive balance can be 

toxic for microorganisms and can cause damage to fermentation. Furthermore, it is 

indicative that N-NH3 is not a limiting factor for the optimum fermentation or that there 

is a deficit energy content giving limitation for the fermentation.  

According to Bergman et al. (1990), acetate is the mainly SCFA in the rumen, 

it can represent 75% of total SCFA. Propionate and butyrate are in low concentration 

when compared to acetate. Normally acetate, propionate and butyrate molar 
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concentration rate ranges from 75:15:10 to 40:40:20. In the present study, the acetate, 

propionate and butyrate concentrations (T0) were 72:15:13 and 69:21:10 for the control 

and cottonseed treatments, respectively. Both treatments are in agreement with Coelho 

Silva and Leão (1979). According to these authors, SCFA has higher ruminal variation 

due to diet characteristics, thus the variation ranges can be 54% to 74% for the acetate, 

16% to 27% for the propionate and 6% to 15% for the butyrate.  

Dietary lipid supplementation may influence SCFA production, depending on 

the composition of the basal diet and the amount of lipid added (Benchaar et al. 2012; 

Chelikani et al. 2004; Shingfield et al. 2008). Data on literature shows variable results 

on the effect of dietary lipid supplementation on ruminal SCFA production.  In the 

present study, propionate had similar production however, acetate and butyrate had 

lower production when cottonseed was included. Overall, ruminal fermentation was 

changed. Acetate and butyrate are produced from the same pathway, whereas 

propionate is produced from other pathways.  

Acetate and butyrate have cellulose and hemicellulose as major precursors. 

These fibrous carbohydrates have a slower digestion rate in the rumen when compared 

to the non-fiber-carbohydrates. As a consequence, fibrous carbohydrates products are 

released slowly. Cottonseed inclusion increased cellulose and hemicellulose content in 

the cow’s diets, resulting in slower acetate and butyrate production when compared to 

the control. Sullivan et al. (2005) reported that the acetate molar proportion and the 

acetate:propionate ratio decreased linearly with increased dietary FA from whole 

cottonseed.  

On other hand, propionate has non-fibrous carbohydrate (NFC) as the major 

precursor. In spite of the fact that cottonseed diets had lower NCF, they had higher 

lipids. In the rumen, lipids cannot be fermented, but they are hydrolyzed. The product of 

lipid hydrolyzes is fatty acid and glycerol. Glycerol is quickly fermented by 

microorganisms, and then it is mainly converted in propionate. Thus, propionate had a 

similar production rate with different precursors. 

Our experimental results indicate that enteric methane emissions decreased 

significantly (by approximately 42,3%) in the cottonseed diets when compared to the 

basal diet. The reduction in the intensity of CH4 emissions (as g of CH4/kg DM) by 

including cottonseed in diet was higher in our study than the studies of Martin et al. 

(2008) and Beauchemin et al. (2009b), where deceases were 27% and 18%, 

http://www.sciencedirect.com/science/article/pii/S0022030215001204#bib0015
http://www.sciencedirect.com/science/article/pii/S0022030215001204#bib0045
http://www.sciencedirect.com/science/article/pii/S0022030215001204#bib0260
http://www.sciencedirect.com/science/article/pii/S0377840114000054#bib0100
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respectively. This difference can be due high lipid content in the cottonseed diet 

compared with others authors. 

Present results suggest that, for each percentage of lipids added in the cow 

diets, the result was a reduction of 8.3% in the methane emissions. This result was 

higher than that found by Patra et al. (2014). In a meta-analysis study, they concluded 

that, for each percentage of lipid added, the result was a reduction of 4,3% in the 

methane emissions. This difference is likely due the highest oil level used in the present 

experiment. Acccording to Beauchemin et al. (2008) in a meta-analysis study, they 

showed a linear relationship between the percentage of lipid added and the reduction in 

the CH4 emissions.  

The inhibitory effect of lipid on enteric methane emissions has been reported in 

the majority of studies, despite the extent of inhibition to be variable (Brask et al. 2013; 

Grainger and Beauchemin, 2011).  

Several mechanisms have been recognized for the inhibitory effects of lipids 

on methane emissions. Lipids inhibit methanogenesis by reducing the metabolic activity 

and numbers of ruminal methanogens and protozoa.  

Biohydrogenation of unsaturated fatty acids is an alternative hydrogen sink, 

and it decreases free hydrogen in the rumen (Beauchemin et al. 2009; Johnson and 

Johnson, 1995). Lipids are not fermented in the rumen, and thus, they do not produce a 

surplus of free hydrogen. Among the SCFA, acetate production releases the highest 

amount of free hydrogen in the rumen, hence by decreasing the acetate production, the 

free hydrogen concentration will be reduced. Consequently, methane production could 

be decline directly by reducing methanogens number and/or activity, and indirectly by 

production and/or concentration of less hydrogen, when higher cottonseed levels are 

included in the diets.  

The pattern of the SCFA production and methane emissions during the day 

increased rapidly after feeding and then decreased slowly until the next feeding, SCFA 

and methane production peaked occurred immediately after post-feeding (Fig. 3), as 

previously demonstrated by Mao et al. (2010). 
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4.4.2. Energy partition 

 

 

Overall, energy release in the rumen is related to SCFA and methane 

production, as well as ruminal solid mass. Cottonseed treatments had 32% higher 

ruminal solid mass compared to the control. Despite propionate production in the 

rumen, in which was expressed as ruminal mass, to be similar among treatments (Table 

7), the highest ruminal solid mass in the cottonseed treatments induced a higher 

propionate release in the rumen. This was on order of 42%, when expressed as 

Mcal/ani/d, compared to the control. Acetate production was 33,8% lower (Table 7), 

when expressed as ruminal mass, for the cottonseed treatments when compared to the 

control. However, the higher ruminal solid mass for the cottonseed treatments cancels 

out this lower acetate production, and thereby the acetate release in the rumen, when 

expressed as Mcal/ani/d was similar among treatments.  

In spite of higher ruminal solid mass for the cottonseed treatments, an 

expressive reduction in the butyrate production, on the order of 47% when expressed as 

ruminal mass (Table 7) was enough to further a decrease in the order of 32% in the 

energy release in the rumen, when expressed as Mcal/ani/d, compared to the control. A 

Similar situation was observed for the methane, in which a lower ruminal methane 

production on the order of 42% when expressed as ruminal mass (Table 7) was enough 

to further a decrease of ruminal energy release of 26%, when expressed as Mcal/ani/d 

for the cottonseed treatments compared to the control. 

Changes in the energy release site occurred. In the rumen of cows fed 

cottonseed, less energy was released as methane and butyrate, when expressed as 

Mcal/ani/d, in percentage of GE or DE. Hence, more energy was released in the 

intestine, because the energy released in the feces was similar among treatments. Thus, 

energy release in the intestine, when expressed in Mcal/ani/d, was 57,3% higher for the 

cows fed cottonseed when compared to the control.   

Methane production in cattle typically accounts for 5,5 to 6,5% of GEI 

(Johnson and Ward 1996); however, values of 2 to 12% (Johnson and Johnson 1995) 

have been reported for some diets. In the present study, our data are in agreement these 

authors, as CH4 emissions averaged 6,27% of GEI to the cottonseed treatments and 

9,72% of GEI to the control treatment. Because methane represents a loss of dietary 

energy, a significant reduction in these gas emissions was observed for the cows fed 
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cottonseed and indicated that these animals were more efficient in utilizing dietary 

energy than the control.  

 

 

4.5. CONCLUSION 

 

 

Cottonseed inclusion in the cattle diets can be considered as methane 

mitigation strategy. Changes in the ruminal products as lower acetate, butyrate and 

methane production are favorable to the use of cottonseed in cattle diets. The use of 

vitamin E is not advisable for cattle due to their inclusion did not result in 

improvements in ruminal fermentation, thus its addition would result in a financial raise 

without benefits. 
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5. DIET EFFECTS ON BIOCHEMICAL METHANE POTENTIAL, 

NUTRIENTS REMOVAL AND GROSS ENERGY RECOVERY IN 

LABORATORY BATH DIGESTION OF CATTLE FECES 

 

 

Abstract: When feces are stored under anaerobic conditions they are a source of emissions of 

greenhouse gas, mainly methane. Different diets can changes feces characteristics and hence 

they could change the methane emissions. Anaerobic digestion of cow feces was performed to 

evaluate the effects of different diets on ingestate and digestate characteristics, in addition the 

methane yield. Cows were fed with different diets.  Feces samples were loaded into batch 

anaerobic digesters. Treatments for the digesters included: 1) Control, feces from cows fed 

control diet; 2) CS, feces from cows fed CS diet and 3) CSVitE, feces from cows fed CSVitE 

diet. Analyses of nutrients were conducted for ingestate and digestate samples. Biogas 

production was measured and methane concentration was analyzed. Methane concentration in 

biogas was higher for cottonseed treatments, 80% vs. 74%, compared to the control. Lower 

concentration of phosphate in the cottonseed digestate was observed, 8,1 vs. 14,5g/L, compared 

to the control. Removal efficiency of OM and CP was decreased in 7% and 13% respectively, 

for cottonseed treatments compared to the control. Gross energy partition in the anaerobic 

digestion was similar among treatments. On mean, 28%±1,23 gross energy fed was release as 

methane, 47%±1,59 was release in the digestate and 25%±2,07 was release as others gases and 

heat. High cottonseed level in the cattle diet changed the ingestate characteristics, however both 

cottonseed and vitamin E, when added in cattle diets did not changed methane yield. 

Keywords: Anaerobic digestion, cottonseed, methane yield, vitamin E.  

 

 

5.1. INTRODUCTION 

 

 

Approaches to mitigate enteric methane in ruminants by manipulating diet type 

and quality, including lipid supplementation, have been adopted and some results 

indicate a positive effect (Møller et al. 2016). However, the inclusion of lipid can have 

use limited by possibility of unsaturated fatty acids in suffer lipid peroxidation (Zakrys 

et al. 2008). Dietary lipids such as supplemental oil or oilseeds, if not stabilized, can be 

significant contributors to the load of free radicals in the animal (Andrews et al. 2006). 
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In addition, a small amount of oxygen may go to the rumen with saliva, feeds, drinking 

water and diffusion from blood into rumen, it has as consequences a release free 

radicals in the rumen (Wey et al. 2015). 

A main way to reduce or prevent lipid peroxidation is through the use of 

antioxidants, and generally, through substances or conditions with preventive oxidation 

properties. In recent years, supplemental vitamin E in the diet of ruminants has been 

studied for its potential role in give stability to lipid deposits and improving the 

resistance to oxidation (Bloomberg et al. 2011). Therefore, supplementing vitamin E to 

relieve oxidation effects from free radicals could be beneficial to rumen fermentation 

with improvements in the nutrient digestibility and consequences in thier excretions.  

However, effects of changing diets in terms of biogas potential and potential 

methane (CH4) losses from feces has not been studied thoroughly (Møller et al. 2014). 

Although different feeding strategies can reduce enteric CH4 emission from ruminants 

or improve the ruminal conditions, the subsequent effects on feces biogas production 

and methane yield remains unclear. In fact, most of these strategies are based on 

variations in the digestibility of nutrients. Therefore, by using these strategies, 

alterations on biodegradable organic content in the feces can be expected and 

consequently on methane yield (Møller et al 2014). 

Biochemical methane potential (BMP) test has been conducted in laboratory 

batch scale, measuring the maximum amount of biogas or bio-methane produced per 

gram of volatile solids (VS) contained in the substrates of the anaerobic digestion 

process (Sommer et al. 2004). Thorough investigation of methane potential yield is a 

pre-requisite to better predict CH4 emission by anaerobic digestion or during feces 

storage in anaerobic conditions (Bloomberg et al. 2011). 

The objectives of this study were to evaluate the effects of established dietary 

strategies to mitigate enteric CH4 emission or prevent lipid peroxidation on ingestate 

and digestate characteristics, as well as in the methane yield and in the potential of 

digester to recovery from feces energy to methane. 
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5.2. MATERIAL AND METHODS 

 

 

5.2.1. Study location and compliance requirement 

 

 

This study was performed at University of Sao Paulo, Pirassununga, Brazil. 

The experiment was approved and complied with the guidelines set out by the “Ethics 

Committee in the Use of Animals of the University of São Paulo”, under application 

number nº 009/2013, in regards to animal experimentation and care of animals used for 

scientific purposes. 

 

 

5.2.2. Animal feeding, housing and feces collected 

 

 

Six Holstein dairy cows not pregnant and non-lactating with an average body 

weight of 876 kg (±16.1) were arranged in individual pens with free access to water and 

sand bedded. Cows were fed ad libitum twice daily (08h00 and 16h00). The vitamin E 

amount was weighted daily to offer 500 IU per animal per day and the level was 

established according to Hansen et al. (2004). Vitamin source was Lutavit E 50 BASF, 

with 50% alpha tocopheryl acetate. Fatty acids and cottonseed level in the diet was 

established according to previous study (Montgomery et al. 2005). The ingredient 

proportion and chemical composition of the diets are given in Table 1. 

For feeding and feces collection, cows were arranged in 3x3 Latin square 

designs with three experimental periods, each one lasted 21 days. The first 10 days of 

each test period were used for diet adaptation. Feces collection was conducted during 

the next 11
th 

to 17
th
 days. Feces were collected, via rectal, twice daily at 08h00 and 

16h00 after feeding. 
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5.2.3. Substrates, experimental design and treatments 

 

 

Representative pools were collected from feces of each animal, fed with 

different diets, in each period. Feces pools were then diluted in water using a 7:1 ratio, 

according to methods in the literature (Huerta-Leidenz et al. 1991). Eighteen laboratory 

scale digesters made from pipes with 2 liters of capacity (Fig. 3) were loaded with 

different substrates.  

Anaerobic digestion test was carried out under mesophilic conditions. 

Treatments were determined based on feces from cows of different diets. Digesters were 

arranged in a completely randomized design with 3 treatments and 6 repetitions. 

Digesters were started up using the substrates, no inoculum were used.  Treatments and 

respective substrates characterization are showed in table 9. 

 

Table 9. Characteristics of substrates used in batch digester test 

  Treatment 
 

Probability 

  Control CS CSVitE SEM C 1 C 2 

TS, (g/kg)  18,7 22,5 22,5 0,54 0,0003 NS 

VS, (g/kg)  16,7 20,4 21,0 0,51 0,0001 NS 
1OM, (g/kg TS) 806 819 824 5.10 NS NS 

CP, (g/kg TS) 127 133 133 2,52 NS NS 

EE, (g/kg TS) 15,6 16,5 14,4 0,61 NS NS 

NDF, (g/kg TS) 399 453 472 16,7 0,0626 NS 

ADF, (g/kg TS) 309 379 412 17,1 0,0147 NS 

Lignin, (g/kg TS) 99,3 187 137 14,9 0,0357 NS 

GE, (Mcal/kg TS) 4,06 4,28 4,27 0,50 0,0609 NS 
 

TS: total solid; OM: organic matter; CP: crude protein; EE: ether extract; NDF: neutral detergent fiber; 
ADF: acid detergent fiber; GE: gross energy; SEM: standard error of mean; C1: contrast 1 (CS and 

CSVitE vs. control); C2: contrast 2 (CS vs. CSVitE); NS: non-significant (p> 0,10) 
1 OM: DM-minerals. 

Font: Nogueira, 2017.  

 

 

5.2.4. Biogas and methane measurement 

 

 

Frequency of biogas measurement was conducted following gasometer 

capacity. Biogas volume was calculated using gasometer vertical displacement (Fig. 4), 

which was measured in centimeters. Biogas volume was determined by the 
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displacement and gasometers internal cross-sectional area, and corrected to 1 atm and 

20ºC according to methods published (Lucas Junior, 1994). 

Biogas samples were conducted every time that biogas volume was measured. 

Samples were collected using a syringe connected to the gas log on top of the gasometer 

(Fig. 4). Sample was first used to flush the glass bottles, the flushing was done twice. 

After that, 50 mL of biogas was injected into the glass bottles for biogas composition 

analysis.  

Methane composition was analyzed for the entire biogas sample. For each 

sample, 2 ml of biogas was collected from the glass bottles with Gas-Tight syringe and 

injected into a Thermo Scientific Trace 1310 chromatograph, equipped with a flame 

ionization detector at 280°C, with 3,5 m Porapak N
 

(Supelco) column. The 

chromatograph was calibrated with 3.1% methane, 3.1% carbon dioxide, and 0,49% of 

nitrous oxide, diluted in atmosphere air.  A gas mixture with 50% CH4 and 50% CO2 

was used as the reference gas. The carrier gas was helium and flow rate was 30 mL 

minute
-1

. Methane volume was calculated by multiplication of biogas volume and 

methane concentration.  

Specific methane yield (per gram of VS fed or destroyed) was calculated by 

dividing the total methane production (L) by amount of volatile solids fed (before AD), 

or destroyed (difference between VS fed and eliminated). For the methane yield  

The test was terminated when biogas production ceased. 

 

Figure 4.  Anaerobic digester shown in front, side, and top views. 

 

 

Font: Nogueira, 2017. 
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5.2.5. Nutrients removal 

 

 

Ingestate and digestate were weighed and multiplied by DM content, in 

percentage, to calculate the DM content in grams. Nutrients of ingestate and digestate, 

when express as g, were calculated by multiplication between digestate or ingestate, 

express as gram of DM and ingestate or digestate nutrients, express in percentage, 

divided by 100 according to the follow equation: 

 

𝑁𝑢𝑡𝑟𝑖𝑒𝑛𝑡𝑠 (𝑔) =
𝑛𝑢𝑡𝑟𝑖𝑒𝑛𝑡 𝑓𝑒𝑑 𝑜𝑟 𝑒𝑙𝑖𝑚𝑖𝑛𝑎𝑡𝑒𝑑 (%)×𝐷𝑀 (𝑔)

100
                                                                                        

 

Nutrients removals, when express as percentage, were calculated using 

digestate and ingestate nutrient contents, express as grans per kilogram of DM, 

according to the equation: 

 

Nutrients removal(%) =
nutrient fed - nutrient eliminated 

nutrient fed
× 100 

 

 

5.2.6. Gross energy partition 

 

 

Methane gross energy release, when express as Mcal, was calculated using 

total methane production, in liters, and information about the methane molecule: 

 

Molar volume: 26,22 mol/L 

Molar mass: 16,04 g/mol 

Heat power: 13,16 kcal/g    

 

Other gases and heat release, when express as Mcal, was determined by gross 

energy fed minus energy release as methane minus gross energy eliminated in the 
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digestate. The percentage of gross energy release when express as percentage of gross 

energy fed was calculated by division between gross energy of methane or others gas 

and heat or digestate and gross energy fed, multiplied by 100. 

 

 

5.2.7. Laboratory analysis 

 

 

Individual feed samples and substrates, pre and post anaerobic digestion, were 

collected and composited in representative samples on an equal-weight basis. Samples 

were dried at 60°C (forced-air oven) for 48 h and ground to pass a 1-mm Wiley mill 

screen and analyzed. DM concentration was determined following methods in the 

literature (AOAC, 1995) in the forced-air-oven at 105°C for 2 h followed by cold 

weighing (method 930.15). Nitrogen content was determined by the micro Kjeldahl 

method, and it was multiplied by 6.25 to determine CP (AOAC, 1995). Ether extract 

was determined according to Association of Official Analytical Chemists (AOAC, 

1995), using light petroleum ether in the Soxhlet apparatus (method 920.39). Neutral 

detergent fiber, ADF, and lignin was determined according to methods in the literature 

(Van Soest et al. 1991), using Ankom® Filter Bag technique and heat stable α−amylase 

added  (method 973.18).  

Total solid and volatiles solids were analyzed using method 1684 (EPA, 2001). 

The procedures included preparing evaporating dishes and heating clean evaporating 

dishes at 550ºC for 1 hour in a muffle furnace. Samples were first homogenized, and 

about 30 g of sample aliquot was then placed on prepared evaporating dishes, and 

weighed to the nearest precision 0,01g. The samples were dried at 105ºC  in an oven for 

12 hours, then cooled during 1 hour to balance temperature in a desiccator containing 

fresh desiccant and weighted. For volatile solids analysis, the evaporating dishes 

containing the dried residues were then put into muffle furnace and heated to 550º C 

and for at least 4 hours. The residues were cooled in a desiccator to balance the 

temperature for 2 hours and weighed.  
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5.2.8. Statistical analysis 

 

 

The experimental design for the study was a completely randomized design 

with 18 experimental units (digesters) for 3 treatments (control, CS, and CSVitE) and 6 

repetitions. Data were tested for residual normality using the Shapiro-Wilk test. Data 

statistical analyses were performed with the Statistical Analysis System software 

(Version 9.3 SAS Institute Inc., Cary, NC, USA) using Mixed model. Analysis included 

descriptive statistics, where mean values and standard errors of the mean were 

calculated. The model included the fixed effect of treatment. The variables were 

analyzed using the following model:   

 

Yijkl = μ + Ti +  e i j k ,  

 

Where:  

Yijkl = the dependent response variable  

μ = the overall mean 

Ti = treatment effect   

e i j  = the residual error term.  

 

Non-significant (NS) was considered when P value was higher than 10%. 

Contrast statements were used to evaluate differences between treatments: 1) 

Control vs. CS and CSVitE (C1) and 2) CS vs. CSVitE (C2). Statistical significance 

was declared at P ≤0,05. 

 

 

5.3. RESULTS 

 

 

5.3.1. Total solid and volatile solid 

 

 

Differences in substrate composition were observed (Table 9). Cottonseed 

treatments had higher concentration of TS (22,5 g/kg vs. 18,7 g/kg) and VS (20,g/kg% 
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vs. 16,7 g/kg), as well as higher ADF (395 vs. 309 g/kg TS) and lignin (162 vs. 99,3 

g/kg TS) when compared to the control.  

As shown in Table 10, significant differences were observed cottonseed 

treatments had higher elimination of TS (11,4 g/kg vs. 10,0 g/kg) and VS (9,4 g/kg vs. 

7,9 g/kg) when compared to the control. No differences were observed for the TS 

destroyed and VS destroyed. On mean, treatments had 49,6% and 53,7% for the TS 

destroyed and VS destroyed, respectively. 

 

Table 10.Total and volatile solids destroyed in batch digester loaded with feces from cows fed 

different diet 

  Treatment 
 

Probability 

  Control CS CSVitE SEM C 1 C 2 

TSeliminated,(g/kg) 10,0 10,9 11,9 0,21 0,0202 NS 

VSeliminated, (g/kg) 7,91 9,00 9,82 0,21 0,0106 NS 

TSdestroyed, (%) 47,7 52,6 48,6 1,34 NS NS 

VSdestroyed, (%) 52,5 55,5 53,1 1,43 NS NS 

TS: total solid; VS: volatile solid; SEM: standard error of the mean; C1: contrast 1 (CS and CSVitE vs. 

control); C2: contrast 2 (CS vs. CSVitE); NS: non-significant (p> 0,10). 

Font: Nogueira, 2017. 

 

 

 

5.3.2. Biogas and methane yield 

 

 

No effect was observed for the total biogas, total methane and methane yield, 

averaging 8,0 L of biogas, 6,3 L of methane, 0,024 L CH4/g feces-fed, 0,16 L CH4/g VS-

fed and 0,03 L CH4/g VS-destroyed. Methane concentration in the biogas was higher for 

cottonseed treatments (79,8% vs. 74,0%) when compared to the control (Table 11). 
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Table 11. Biogas and methane yield and methane concentration of batch digesters loaded with feces 

from cows fed different diets 

  Treatment 
 

Probability 

  Control CS CSVitE SEM C 1 C 2 

Biogastotal, (L) 7,593 8,256 8,373 0,403 NS NS 

CH4Concentration, (%) 74,39 79,69 80,05 0,842 0,0006 NS 

CH4total, (L) 5,637 6,573 6,701 0,320 NS NS 

CH4/ feces fed, (L/g) 0,022 0,026 0,026 0,001 NS NS 

CH4/VS.fed, (L/g)  0,168 0,166 0,159 0,007 NS NS 

CH4/VS.des, (L/g) 0,320 0,290 0,300 0,014 NS NS 

TS: total solid; VS: volatile solid; des: destroyed; SEM: standard error of the mean; C1: contrast 1 (CS 

and CSVitE vs. control); C2: contrast 2 (CS vs. CSVitE); NS: non-significant (p> 0,10). 

Font: Nogueira, 2017. 

 

 

5.3.3. Fertilizer value 

 

 

As shown in the table 12, lower P2O5 concentrations were observed for the 

cottonseed treatments (8,1 vs. 14,5 g/L) when compared to the control. No difference 

was observed for the Carbon, nitrogen and K2O contents; on mean the digestate had 376 

g/L of carbon, 21,7 g/L of nitrogen, and 8,1 g/L K2O. 

 

Table 12. Minerals content of digestate of batch digesters loaded with feces from cows fed different 

diets 

 
Treatment 

 
Probability 

 
Control CS CSVitE SEM C 1 C 2 

C, (g/L) 380 376 373 16,1 NS NS 

N, (g/L) 19,7 22,4 23,0 7,17 0,0519 NS 

P2O5, (g/L) 14,5 8,80 7,50 1,36 0,0265 NS 

K2O, (g/L) 8,00 8,40 7,90 1,86 NS NS 

SEM: standard error of the mean; C1: contrast 1 (CS and CSVitE vs. control); C2: contrast 2 (CS vs. 
CSVitE); NS: non-significant (p> 0,10). 

Font: Nogueira, 2017. 

 

 

5.3.4. Nutrients removal 

 

 

Table 13 shows ingestate and digestate nutrients express as gram. As can be 
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observed cottonseed treatments had higher DM (45 vs. 37.4 g), NDF (20.8 vs.14.9 g), 

ADF (17.8 vs. 11.6 g) and lignin (5.38 vs. 3.77 g) fed when compared to the control. 

For the digestate, cottonseed treatments had higher DM (22.1 vs. 19.5 g), OM 

(16.1 vs. 13.4 g), CP (3.1 vs. 2.4 g), NDF (12.1 vs. 8.7 g), ADF (9.9 vs.6.4 g) and lignin 

(3.5 vs. 1.87 g) eliminated when compared to the control (Table 13). 

Cottonseed inclusion decreased removal efficiency for the OM (51 vs. 58.7 %) 

and CP (41.3 vs. 54.4%) when compared to the control. No effect was observed for the 

others nutrients removal, and on mean was 64,3 % for the DM, 53,1% for the NDF, 

55,4% for the ADF, 57,4% for the lignin and 47,6% for the EE (Table 13). 

 

Table 13. Ingestate and digestate nutrients content, and removal efficiency of batch digesters loaded 

with feces from cows fed different diets 

  Treatment   Probability 

  Control CS CSVitE SEM C 1 C 2 

Nutrients fed 
      

DM, (g) 37,4 45,1 45,0 1,23 0,0003 NS 
1OM, (g) 32,6 33,1 33,1 0,21 NS NS 

CP, (g) 5,15 5,39 5,41 0,09 NS NS 

NDF, (g) 14,9 20,4 21,3 0,97 0,0019 NS 

ADF, (g) 11,6 16,9 18,7 1,06 0,0027 NS 

Lignin, (g) 3,77 5,48 5,28 0,38 0,0456 NS 

EE¸ (g) 0,58 0,74 0,64 0,002 NS NS 

Nutrients eliminate 
      

DM, (g) 19,5 21,2 23,1 0,57 0,0184 NS 
1OM, (g) 13,4 15,5 16,7 0,54 0,0073 NS 

CP, (g) 2,38 2,99 3,31 0,13 0,0048 NS 

NDF, (g) 8,75 11,7 12,6 0,51 0,0003 NS 

ADF, (g) 6,40 9,21 10,6 0,46 0,0001 NS 

Lignin, (g) 1,87 3,32 3,73 0,27 0,0003 NS 

EE¸ (g) 0,41 0,45 0,56 0,03 NS NS 

Removal efficiency 
      

DM, (%) 47,7 52,6 48,6 1,34 NS NS 
1OM, (%) 58,7 53,2 49,8 1,37 0,0115 NS 

CP, (%) 54,4 44,6 38,0 2,50 0,0078 NS 

NDF, (%) 39,6 41,1 40,6 2,61 NS NS 

ADF, (%) 44,3 41,7 41,6 2,89 NS NS 

Lignin, (%) 43,0 39,2 26,5 6,04 NS NS 

EE, (%) 41,6 38,0 27,6 3,19 NS NS 

DM: dry matter; OM: organic matter; CP: crude protein; EE: ether extract; NDF: neutral detergent fiber; 

ADF: acid detergent fiber; SEM: standard error of the mean; C1: contrast 1 (CS and CSVitE vs. control); 

C2: contrast 2 (CS vs. CSVitE); NS: non-significant (p> 0,10). 
1 OM: DM-minerals. 
Font: Nogueira, 2017. 
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5.3.5. Gross energy partition 

 

 

Cottonseed treatments had higher gross energy fed (0.19 vs. 0.15 Mcal) and 

gross energy release in the digestate (0.088 vs. 0.074 Mcal) when compared to the 

control. No differences were observed for the gross energy release when express as 

percentage of gross energy fed. On mean, 28% of gross energy fed was released as 

methane, 25.0% as others gas and heat and 47% as released in the digestate (Table 14). 

Table 14. Gross energy release and eliminated by batch digesters loaded with feces from cows fed 

different diets 

  Treatment   Probability 

  Control CS CSVitE SEM C 1 C 2 

Gross energy fed, kcal 0,15 0,19 0,19 0,054 0,0001 NS 

Methane release       

 Mcal 0,045 0,052 0,053 0,002 NS NS 

Percentage of GE fed, % 28,9 27,1 27,9 1,23 NS NS 

Digestate release       

Mcal 0,074 0,085 0,092 0,002 0,0067 NS 

 Percentage of GE fed, % 48,1 44,3 48,2 1,59 NS NS 

Others gas and heat release       

Mcal 0,036 0,055 0,046 0,004 0,0933 NS 

Percentage of GE fed, % 22,9 28,4 23,8 2,07 NS NS 

GE: gross energy; SEM: standard error of the mean; C1: contrast 1 (CS and CSVitE vs. control); C2: 

contrast 2 (CS vs. CSVitE); NS: non-significant (p> 0,10). 

Font: Nogueira, 2017. 

 

 

5.4. DISCUSSION 

 

 

5.4.1. Substrates characteristics, total solids and volatile solids 

 

 

Present data is in agreement with previous studies (Canh et al. 1997 and Jarret 

et al. 2011), in which modifications in diet composition affected the composition of the 

effluent, and in this case, especially the fibrous content. Fibrous content are 

characterized by low digestibility in ruminants and the higher fibrous contents were 

http://www.sciencedirect.com/science/article/pii/S0167880911001885#bib0020
http://www.sciencedirect.com/science/article/pii/S0167880911001885#bib0080
http://www.sciencedirect.com/science/article/pii/S0167880911001885#bib0080
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provided by CS and  CSVitE diet is the explanation for the higher TS, VS, NDF, ADF 

and lignin in the substrates. On the other hand, although there were higher EE contents 

in the CS and VitE diet, the high digestibility this compound by ruminants canceled out 

the differences between the EE in these substrates.  

Volatile solids destroyed are commonly used to measure the performance of 

AD processes and it is a direct indicator of the metabolic activity of the microorganism 

community. For industrial scale digesters under mesophilic conditions, a 40% VS 

destroyed is an acceptable value (Rimkus et al. 1982). Destruction of VS in cattle 

manure in the AD process is typically in the range of 30–45% (Davidsson et al. 2008). 

In this study, regardless of the treatment, TS and VS destructions were over 45%, and 

were indicative of a sludge stabilization process and a good reactor performance in the 

batch digesters. Wilkie, (2005) assumed that 50% of VS are degradable, which is in 

agreement with the study, in which VS destruction was in average 53.7%. 

 

 

5.4.2. Biogas and methane yield 

 

 

Specific methane productivity, measured in terms of VS destroyed, typically 

corresponds to the theoretical methane yield (IPCC, 2006). It indicates degradation 

completeness of organic components of the feces. The methane productivity, in terms of 

VSfed, is referred to as the ultimate methane yield (IPCC, 2006). Ultimate methane yield 

will always be lower than the theoretical yield because a fraction of the substrate is used 

to synthesize bacterial mass, thus a fraction of the organic material will be lost in the 

effluent, and lignin-containing compounds will only be degraded to a limited degree 

(Franco et al 2007). The results of this study are in agreement these authors, in which 

the ultimate methane yield was 54% of the theoretical methane yield. In addition, this 

data agreed with the VS reduction, where was 53,7%. 

A theoretical methane yield for cattle manure was reported as 0,46 L CH4/g 

VS-destroyed (Angelidaki et al.2000). It was also reported that emission factors reached 

as high as 0,4 L CH4 per gram of volatile solid for manure which was held in 

management systems such as anaerobic lagoons (Møller et al. 2004). Present data are 

lower than the reports in literature, on average, 0,30 L CH4/g VS-destroyed. This is due 

to high fibrous content within the digesters. 
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Volumetric methane yield of 0,13-0,16 L CH4/g VS-fed were found in Pratt’s et 

al. (2016) study. Other studies have (IPCC, 2006) reported 0,17 L CH4/g VS-fed and 

variation of 0,07-0,28 L CH4/g VS-fed (Gopalan et al. 2013). Present data are in 

agreement with those reported; the average volumetric methane yield was 0,16 L CH4/g 

VS-fed. However, it has been observed that both, ultimate methane and theoretical 

methane yields produced by manure of different origins, can be highly variable and it is 

affected by various factors, including: species, breed and growth stage of the animals, 

feed, amount and type of bedding material and degradation processes during pre-storage 

(Angelidaki et al. 2000). 

In spite of the fact that feces characteristics were affected by cattle diets, no 

differences were observed for the biogas production and methane yield in this study. 

Similar results were found by other authors who study the effect of different diets on 

CH4 emission from dairy cows and their slurry. Hindrichsen et al. (2005) compared six 

different concentrate diets, such as oat hull, soybean hull, apple pulp, Jerusalem 

artichoke, molasses and wheat. Treatments effects were not significant. The above 

results were supported by the works of Yohanes (2010). Mathot et al. (2012) noticed 

that diet had no significant effect (P>0,05). 

In the present study it was assumed that we could have minimized our results 

when compared to the others study due to present results were from feces whereas other 

study manure are considered. It is necessary to consider manure as feces together with 

urine, feed losses, bedding ending up and water spillage. Urine is hydrolyzed to 

inorganic nitrogen already during housing of the animal, and there will be no energy 

available in the urine fraction for biogas production. However, feed losses and bedding 

ending up in the manure will have an influence on the biogas potential. Water spillage 

to the manure system will also have a large influence on the volumetric biogas potential. 

(Mooler et al. 2014).  

 

 

5.4.3. Fertilizer value 

 

 

Studies using feces of high moisture content (in slurry form) for anaerobic 

digestion have been producing fertilizer products containing nitrogen (N), phosphorus 

(P) and potassium (K) of highly variable concentrations, which affect their use as 
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fertilizers in agriculture and also the amount of fertilizers applied onto agricultural 

lands. Digestate was reported to have higher N, P, and K contents than other nutrients 

(Tambone et al. 2010). In this study, the N content was significant in all digestate. The 

NPK ratio was found to be 100:73:40, 100:39:37, and 100:32:34 for the control, CS and 

CSVitE treatments, respectively. A difference was reported for the P2O5 concentration 

(C1=0,0265). These confirm that variation of nutrient contents does not only occur 

between digestate of different biogas plants, but also those found within one single 

biogas plant over time.  

Concentrations of N and P2O5 of the digestate in the current study are similar to 

the range found reported (Chadwick et al. 2007; Smith et al. 2007). According to 

Chambers et al. (2014), N concentration was 26 g/L and P2O5 was 12 g/L. However, the 

reported K2O concentrations of 32 g/L, was higher than the one measured in this study. 

As a whole, the evaluation of fluxes of important elements such as the macronutrients 

(N, P, and K), especially for agricultural biogas facilities is necessary for the utilization 

of digestate as fertilizers (Massé et al 1997). 

 

 

5.4.4. Nutrients removal 

 

 

The microorganisms from the control degraded more protein and organic 

matter than the microorganisms from CS and CSVitE (Table 3). These results suggest 

that microorganisms in the control had to hydrolyze higher quantities crude protein and 

organic matter to obtain nutrients. In contrast, microorganisms in CS and CSVitE had to 

hydrolyze higher quantities from NDF provided by the cottonseed inclusion to obtain 

nutrients. As consequence, both treatments had similar VS destruction, DM removal 

efficiency, in addition to methane yield.  

Although the CS and CSVitE have higher DM available for the anaerobic 

digestion, the nutrients were fibrous content, NDF, ADF and lignin. Thereby, difference 

in the fiber amounts was not enough to improve the fibers removal efficiency and 

methane yield. These results suggest maximum removal efficiency for the fiber content 

was attained regardless of the availability of the microorganism. 

Astals et al. (2012) studied nutrients removal efficiency in semi-continuous 

digesters loaded with pig manure and pig manure in co-digestion with glycerol. The 



93 
 

authors found removal efficiency for the crude protein 55,5%±19,3 and 25,2±10,8%, for 

the lipid 69,9%±5,2 and 34,9%±14,1 and for the fiber content 30,3%±21,1 and 

11,0%±7,8 for the single digestion and co-digestion, respectively.  Present data showed 

that it had high disparity compared to the above data; additionally, both data had high 

standard error of the mean. Therefore more studies with a safe number of replications to 

determine the nutrients removal efficiency are necessary. 

 

 

5.4.5. Gross energy partition 

 

 

Feces from cattle contain energy that can be recovered by various processes. 

The anaerobic digestion of feces to generate biogas, which is rich in methane, is an 

interesting way to recovery feces gross energy. In the present study the BMP test had a 

capacity to recovery 27,9% gross energy as methane, and it can be used for generation 

electricity or heat power.  It is in agreement with McKendry (2002), who observed that 

the biomass is converted by bacteria in an anaerobic environment and produced a gas 

with an energy content of about 20–40% of the heating value of the feedstock 

 

 

5.5. CONCLUSION 

 

 

Cottonseed inclusion in the cattle diets changed ingestate characteristics to load 

the digesters, as well the digestate. However for both, cottonseed and vitamin E 

inclusion, no effect was observed in relation to methane yield. Anaerobic digestion in 

digester has a potential to recovery 28% gross energy lost in the feces into methane. 

 

 

 

 

 

 

 

http://www.sciencedirect.com/science/article/pii/S0960852401001195
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